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PREFACE 


TO 

THE FIFTH VOLUME. 


T HE NINE YEARS which have elapsed since this work was commenced 
have witnessed important changes in the modes of viewing and 
representing the constitution of chemical compounds. The old system of 
notation, founded on the dualistic theory of chemical combination, and the 
atomic weights adopted in Gmelin’s Handbook and other standard works 
of older date, may now be regarded as belonging to the past ; and even the 
new system introduced by Gerhardt has undergone considerable modifica- 
tion, the atomic weights which that chemist assigned to many of the metals 
having been doubled, and his system of typical representation having been 
developed into the modem theory of atomicity. These changes and de- 
velopements are explained in the article Classification by Professor G. 
C. Foster, and the articles Atomic Weights, and Metals, Atomic Weights 
and Classification of, by Dr. Odliqg. The smaller atomic weights of 
many of the metals (Ba=68*7 ; Hg = 100 ; Zn ss 32*5, &c.) having 
been adopted in the earlier part of the Dictionary, it was thought 
advisable, in first introducing the larger ones, to distinguish them by ; 
doubled symbols (Bba = 137, Hhg = 200, &c.); but in the latter part 
of the work these double symbols, which are rather clumsy, have been 
abandoned, and the ordinary symbols used, with accents or dashes, when 
necessary, to indicate the equivalent value. 

In bringing the Dictionary to a conclusion I have to regret that it is in 
prrmrt respects less complete than I could wish. Although it has extended 
considerably beyond the limits originally contemplated, the space has still 
hem: harrow for the adequate treatment of many important 

subjects. I have however endeavoured to give some notice of every com- 
pound discovered up to the time of the pubUcatthta^f eaph Part of tfafc 



yi 

work, and where foil descriptibri was impossible, reference is given to the 
original sources of information. The earlier yolumes are necessarily 
somewhat behind the present state of knowledge, but should the work 
meet with the success for which we hope, this deficiency may perhaps be 
made good by a Supplement. 

In conclusion I have to tender my best thanks to those gentlemen who 
have enriched the work by their valuable contributions. Several of these 
articles have taken rank as classical treatises on their respective subjects, 
and to them the work will be in a great measure indebted for such success 
as it may attain. 

HENRY WATTS. 

London ; May , 1868 . 



LIST OF CONTRIBUTORS. 



edmund atkinson; phd, f.c;s. 

Professor of Chemistry at the Royal Military College, Sandhurst. 

FRANCIS T. CONINGTON, M.A. F.O.S. (the late) 

Fellow of Corpus Christl College, Oxford, aud Examiner In Natural Science at that Vnivorsftr : 
Author of a * Handbook of Chemical Analysis. 1 

WILLIAM DITTMAR, Esq. 

Principal Assistant in the Chemical Laboratory of the University of Edinburgh. 

FREDERICK FIELD, F.R.S. F.R.S.E. 

(lately) Professor of Chemistry at St. Mary’s Hospital, 

GEORGE G. FOSTER, B.A. F.C.S. 

Professor of Physics at University Colloge, London. 

MICHAEL FOSTER, M.D. 

Lecturer on Practical Physiology and Histology at University College, London. 

EDWARD FRANXLAND, Ph.D. F.R.S. 

Foreign Secretary of the Chemical Society ; Professor of Chemistry at the Royal Institution of 
Great Britain, and at the Royal School of Mines. 

FREDERICK GUTHRIE, Ph.D. F.C.S. 

Professor of Chemistry at the Royal College, Mauritius. 

M. L'ABEG A. HAMY, 

Paris. 

MICHAEL HANHART, Esq. 

Lithographer. 

A. W. HOFMANN, LL.D. F.R.S. V.P.C.R 

Professor of Chemistry at the University of Berlin. 

WILLIAM S. JEVONS, M.A. 

Oobden Professor of Political Economy at Ovens College, Manchester ; (lately) Gold Asmyor in 
the Sydney Royal Mint. 

CHARLES E. LONG, Esq. F.C.S. (the late) 

Analytical Chemist. 

WILLIAM ODLING, M.B. F.R.S. 

Secretary to the Chemical Society, and Professor of Chemistry at St. Bartholomew’s' Hospital, 
Author of a ' Manual of Chemistry/ 

BENJAMIN H. PAUL, Ph.D. F.C.S. 

Consulting Chemist. 

THOMAS RICHARDSON, Ph.D. F.R.S. &c. (the late) 

Reader in Chemistry at the University of Durham. 

HENRY E. ROSCOE, Ph.D. F.R.S. F.C.S. 

Professor of Chemistry at Owens College, Manchester. 

WILLIAM J. RUSSELL, Ph.D. F.C.S. 

Of XJnlveriltj College, London. 

J. A* WANKLYN, F.R.S.E. F.C.S. 

Professor of Chemistry at the London Institution. . 

Os GREVILLE WILLIAMS, F.R.S. 

Author of a * Handbook of Chemical Manipulation/ 

ARTHUR WINOKLER WILLS, Esq. 

‘♦ Analytical and Manufacturing Chemist, Wolverhampton. (W. WO 


/ *«* Articles communicated by the several contributors are signed with their inibue; 

1831) are signed with 

tits kite 0 ; those which ha?® no signature art by the Editor* 




DICTIONARY OF CHEMISTRY. 


Q 

QVABRAVTOZZSZ. A term appfifil by H. Bose to oxides containing 4 atomi 
of metal to 1 atom of oxygen, such as suboxide of silver Ag*0 : better called tetrametaUU 
oxides (see Oxides, iv. 304). 

QVADftZ and QVABBO. Prefixes synonymous with Tetba: e.g. SnCl 4 » 
Quadrichloride or Tetrachloride of tin. 

QVAETZ* Native crystalline anhydrous silica, SiO 2 , occurring either in distinct 
crystals, often of laifee size, or in crystalline aggregates, or massive. 

The crystals belong to the hexagonal system, being six-sided prisms with pyramidal 
summits, made up of the two opposite rh ombohedrons, + R and — R, with the cor- 
responding prism o&R ; hemihedral or tetartohedral, exhibiting the modifications 
described under CbtstaxI/OGbaphy (ii. 139 — 143). For R, the principal axis ** f*100. 
Angle R : R (terminal) » 94° ' 16'. For the hexagonal pyramid, the angle of the 
terminal edges — 133° 4'; of the lateral edges 103° 34* Cleavage very imperfect, 
parallel to fi and ooR. Twins are of frequent occurrence, the face of composition being 
either the basal plane, oR, or a plane truncating the pyramidal edge, or the face R. 
The two crystals compounded parallel to oR, sometimes penetrate one another very 
irregularly, while the external planes are regular and even (Dana, ii 140). Distorted 
crystals also occur, sometimes curved, as in figure 355 (ii. 166). 

Hardness « 7. Specific gravity =* 2*5 — 2*8; according to Beudant, *** 2*6413 — 
2*6641 ; according to Hauy, — 2*6701. Lustre vitreous, sometimes inclining to resinous. 
Colourless when pure (rock-crystal); but often exhibiting various shades of yellow, 
red, brown, green, blue, and black, from admixture of oxide of iron and other metallic 
oxides. Streak, of the pure varieties, white ; of the impure, often the same as the 
colour, but much paler. Transparent to opaque. Fracture perfect conchoidal to 
subconchoidal. Tough ; brittle ; friable* Infusible alone before the blowpipe, but 
with carbonate of sodium it fuses readily, and with effervescence, to a transparent 
glass. 

Quartz exhibits numerous varieties, arising from peculiar modes of formation and 
. crystallisation, or from impurities* They may be divided into three groups — namely, the* 
vitreous varieties r exhibiting the bright glassy lustre of broken quartz-crystals ; the 
chalcedonie varieties, exhibiting the glistening snbvitreous or waxy lustre and 
translucency of chalcedony ; and the jaspery varieties, having the ' dull lustre and 
colours and the opacity of jasper. The varieties belonging to the second and third 
groups kave been already described* (See Ckjulcbdout, i 844 ; Jaspeb, iii* 442 ; and 
the names of the several varieties.) 

The yitr eon sjjroup includes : a. Bock-cryetal, or pure crystallised gfcarUqjf An 
asteriated variety contain* whitish impurities or opaque particles, arranged alon£the 
diametral planes. — 0. Amethyst : dear purple or bluish-white quartz-crystal, thedRou* 
being generally ascribed to a small percentage of oxide of manganese. Accordiogfco 
Heinfcz, however, it i* due to a^compound conf afcning iron and sodium.-^-.y. Bose^quarts: 
rose-red or pink ; transparent or nearly so, with vitreous lustre * . usually massive 
and often much cracked. Th* colour is probably due to manganese, but is attributed 
by Fuchs to oxide of titanium, and by Berihier to orgaaic matter. — 8; False Upas : H 
light-yellow pellucid variety of quartz-crystals, wi wnW iag yeOs^r toga** bat 
tiuguished therefrom by its crystalline form, and the 



quartz or Cairngorm^ stone has a 'brownish smoky tint, sometimes pellucid -£ Milky 
quartz : one of the most common varieties, massive, vitreous, with a milk-white colour* 
Sometimes it has a greasy lustre, and is then called gHasy quartz. — 17. Prase is a leek- 
green variety of massive quartz. — 9. Aventurin quartz is minutely spangled through- 
out the mass with yellow scales. It is usually translucent, and of a grey,brown, or 
reddish-brown colour. — 1 . Sidqrite : a blue variety from (rolling, near Saltzburg.— 
k. Ferruginous quartz is of an opaque red, brownian-red, or ochre-yellow colour, due to 
oxide of iron. It occurs in distinct crystals, sometimes minute and aggregated into 
masses, like the grains of sand in sandstone. 

Quartz in some of its varieties occurs in almost every roek-sfratunx It is an 
essential ingredient of granite, gneiss, mica-slate, and ©the?* allied rocks. The 
chalcedonic varieties occur principally in the vesicular cavities of basaltic and allied 
Flint occurs imbedded in chalk. Horns tone is sometimes imbedded in lime- 
also associated with limestone, and with- basaltic rods and 


rocks. 

stone. 


Jasper 


porphyry. 

Quartz-crystals sometimes occur of enormous size. A group in the Museum of the « 
, University at Naples weighs nearly half a ton. The British Museum also possesses 
some very large specimens. 

Quartz is distinguished: 1. By its hardness, scratching glass with facility. — 2. 
fusibility , not fusing alone before the blowpipe. — 3. Insolubility, not being attacked by 
water or acids. — 4. Unoleavability ; one variety indeed is tabular, but true cleavage is 
never observed.— *6. The reaction with soda (p. 1). It is only pure quartz, however, 
that forms a clear glass. 


QUaRTZi-P ORP H YJt Y . See Porfhyhy (iv. 601). — For analyses of several 

varieties of this rock, see Tribolet (Ann. Ch. Pharm. botrvii. 327; Jahresb. 1863, 

p. 868). , * 

QtrASBIA-CAMPBOR. A substance which separates from an aqueous infusion 
of quassia- wood, in white crystalline plates, lighter than water, and having the odour 
of the wood. (Bonnerscheidt, Handw. d. Qhem. vi. 741.) 

qUASSlN. Quassiin. Quassite . C l0 H ,2 O*? (Winckler, Report, Pharm. liv. 

86.— Wiggers, Ann. Ch. Pharm. xxi. 40.) — The bitter principle of quassia-wood 
( Quassia arnara , L.). To extract it, the concentrated aqueous infusion of the wood, 
after being freed from pectin and other substances by treatment with slaked lime, is 
evaporated to dryness; the residue is digested in alcohol of 80 or 90 per cent. ; tho 
alcoholic solution is evaporated; the yellow, bitter, crystalline substance which 
remains is treated with a* very small quantity of absolute alcohol ; the resulting 
alcoholic solution is mixed with a large quantity of ether; and the filtered ethereal 
solution, after being concentrated by evaporation, is poured into a small quantity of 
water. * 

The liquid, if then left to itself, gradually deposits quassin in small white opaque 
prisms — very bitter, inodorous, and permanent in the air. It melts when heated, and 
formB, on cooling, a transparent, yellowish, very brittle mass. At a higher temperature 
it becomes more fluid, turns brown, carbonises, and then yields acid products free 
from ammonia; 100 pts. of water at 12° dissolve O' 4 5 pfc. <Sf quassin. Its solubility is 
increased by the presence of very soluble saline substances or organic acids. It 
contains, according to "Wiggers, 65'7 per cent, carbon, and 6*9 hydrogen, agreeing very 
closely with the formula O ' °H‘ 2 0 s . The aqueous solution gives a white precipitate with * 
tannin, but is not precipitated by iodine, chlorine, mercuric chloride, iron- salts, or lead- 
salts. It dissolves without coloration in oil of vitriol, and in nitric acid of specific 
gravity 126 ; hot nitric acid converts it into oxalic acid. 

qiTAB8ITfi. Syn. with QuiSSlN. 


qvsiK'S MBTAL. An alloy consisting of 9 pts. tin, 1 antimony, 1 lead, and 
1 bismuth. 

QVBRJEBCZTXIN. C^H^O 85 . (Rochleder, Ann. Ch. Phartn. cxii. 112.) — 
A substance extracted by alcohol from the leaves of the chestnut (? horse-chestnut).* 
It forms fine yellow crystalline grains of the size of poppy-seeds, and is resolved by 
hydrochloric acid into quercetin and glucose : 


C«>h« 0“ + 3H»0 - aOEP’O*. * 

Qtm&C BTAMZBZ, . An ammoniacal solution of quercetin left to itself for two 
months, and then treated with hydrochloric acid, deposits unaltered quercetin; but <fn .* 


* The substance la said 67 Boehleder to occur w In den Kast&nl«ubl«tter 
Wtilch be gives to tfc would seem to imply that U was obtained from 
JtypWMfMHIJ*). S(« QUBROBTTN. 




QUERCETIC ACID. 3 

adding ammonia to fchefcdd filtrate, quercetamide is obtained, as an orange-yellow pre- 
cipitate, which alters very quickly on. exposure to the air. At a temperature of 145° 
to 150°, this body is formed in twelve hours, but in a less pure state. It is amorphous, 
slightly soluble in water, more soluble in alcohol, ether, hydrochloric acid, and excess 
of ammonia. (Schiitzenberger and Para f, Zeitschr. Ch. Pharm. 1862, p. 41.) 

QTHHRCBTZC ACID. C 17 H 12 0 8 , or C*‘H ,4 0 10 , or C ,5 H lw O T ? (Hlasiwetz, Ann. 
Ch. Pharm. cxii. 96. — Z wenger and Dronke, ibid. Suppl. i. 261 ; also exxiii. 163. — 
Hlasiwetz and Pfaundler, J. pr. Chem. xcir. 65; Jahresb. 1864, p. 661.) — A 
compound formed, together with phloroglucin and other products, by the action of 
boiling potash on quercetin : 


C 2 "H l8 0 ,# + H*0 

Quercetin. 

3C ,8 H 10 O 8 + H*0 

Quercetin. 


C ,7 H 12 0 8 + C 6 H 6 0 8 (Hlasiwetz). 

Quercetic Phloro- 

acid. glucin. 

C 2, H M 0 18 + 3Cra 8 0 8 (Zwenger and Dronke). 
Quercetic Phloro- 

acid. glucin. 


C 27 H 18 0 12 • C ,s H ,8 O r + C 12 H 8 0 5 (Hlasiwetz and Pfaqndler). 

Quercetin. Quercetic Morin.* 

acid. 

Preparation.— A. hot very concentrated solution of 3 pts. •potassium-hydrate is 
boiled down in n silver basin with 1 pt. quercetin, and the residue is heated, till a 
sample dissolved in water on a watch-glass no longer gives a flocculent precipitate 
(paradatiscetin) with hydrochloric acid, and the residue quickly turns dark-red at the 
edges; it is then immediately diluted with whter, and neutralised with hydrochloric 
acid. After being left to cool and stand for a while, it is filtered from the separated 
flocks, which contain quercetin and paradatiscetin ; the filtrate is evaporated to 
dryness ; the residue exhausted with alcohol ; the alcohol distilled off from the brown 
tincture; and the residue diluted with water. On adding neutral acetate of lead to 
this solution, quercetate of lead is precipitated (phloroglucin remaining in solution), 
•which may be decomposed under water by sulpnydric acid. After the sulphide of 
lead has been filtered off and washed with boiling water, the solutions are evaporated 
in a current of hydrogen, and the crystals, which separate after some days, are collected 
and decolorised by recrystallisation, with addition of animal charcoal (Hlasiwetz). 
Or the neutralised solution, mixed with one-fourth of its volume of alcohol, may be 
shaken up with ether, the ether evaporated, and the residue dissolved in water, and 
treated with acetate of lead as above. (Hlasiwetz ancj, Pfaundler.) 

Properties. — Quercetic acid crystallises in slender silky needles, which effloresco in a 
warm atmosphere, and give off 15*49 per cent, water between 120° and 131° 
(C ,7 H ,2 0 8 .H0 2 requires 16*47 per cent.). The composition of the anhydrous acid, 
according to calculation and analysis, is as follows : 

Calculation. Mean of 



Hlasiwetz. 

Zwenger and 
Dronke. 

Hlasiwetz and 
Pfaundler. 

Hlasiwetz. 

• 

C l7 H ,2 0 8 

C 21 H ,4 0 10 

C ,4 H ,0 O 7 


Carbon 

. 69*30 

' 69*15 

69*60 

69*44 

Hydrogen . 

. 3*48 

3-28 

8*31 

3*73 

Oxygen . • 

. 37*22 

37*67 

37*09 

36*83 


100-00 

100*00 

100*00 

100*00™ 


The last formula agrees best with the analyses, but it does not afford so ready on 
explanation as the others of the simultaneous formation of phloroglucin from quercetin 

(p. 6). 

Quercetic acid dissolves sparingly in cold, easily in boiling water ; it is soluble 
alsQ in alcohol and ether. The aqueous solution turns yellow when exposed to the air. 
A very dilute solution, when exposed to the air, acquires first a vellow, then a splendid 
carmine colour. The acid dissolves with red-brown colour in oil of vitriol, and is pre- 
cipitated by water in red flocks, forming purple solutions with ammonia and potash 
(Hlasiwetz).— It is coloured black-blue b y ferric chloride , or in very dilute solution, 
a splendid bright blue (Hlasiwetz). Wlien dissolved in water together with urea 
it forms a compound, and with excess of urea , a product of decomposition (Pf au n d 1 e r). 
By fusion with potash, it is Converted into protoeatechuic and querdmeric adds : 
C'*H ,0 O f + H*0 + O « CTPO 8 + Cra 8 0». 

Quercetic '*>■: Protoeatechuic Quercimeric 

acid. add. acid. 


* The roorin it said to be further transformed^ 
oxalic acid ; but the mode of decomposition if not 


Into pbloroflociD, with fUnoltaneoai formation Of 





4 Qvmcwrm. 

SMaoetO’-qnercetlo ueUL ' = C 17 H‘ 3 (C # fl*0) a 0 # ? (Pfaundler, 

Ann. Ch. Phirm. cxix. 813.) — Obtained by beating quercetic acid with chloride of 
acetyl to 100° in a pealed tube, expelling the excess of the chloride after the action is 
oyer, and dtonching the residual glutinous mass with water. It then remains in 
resinous flocks, which may be purified by washing with water and crystallisation from 
alcohol. It is decomposed by heat, witn formation of acetic acid. It reduces alkaline 
solutions of copper* and silver-salts ; scarcely colours a solution of ferric chloride. 

The above reaction also gives rise to the formation of a second product, probably^ 
monoacctoquercetic acid, which remains dissolved in alcohol, after the diaceto-compouna 
has Crystallised out, and is precipitated by water in white flocks ; it colours fierrie 
chloride deep green. (Pfaundler.) 

QUBXLCZTZXr. Meletin,— A product of the decomposition of quercitrin and 
similar bodies, discovered in 1854 by Rigaud (Ann. Ch. Pharm. xc. 283), and 
further examined byHlaeiwetz (ibid. cxii. 96), who assigned to it the formula, 
C'^H^O 10 ; by Zwenger and Dronke (ibid. Suppl. i. 21, and cxxiii. 153), who adopt 
the formula C 13 H l0 O®, proposed by Wurtz (Ann. Ch. Pliys. [3] xlii. 244) ; and lastly 
byHlasiwetz and Pfaundler (J. pr. Chem. xciv. 65 ; Jahresb. 1864, p. 560), who 
regard it as C 27 H 18 0‘*. 

Quercetin is produced, together with sugar or a similar body, by boiling quercitrin 
(Bigaud), rutin (Rochleder and Hlasi wofcz), orrobinin (Zwenger anaDronke), 
with aqueous mineral acids, and separates during the boiling and on cooling, partly only 
after the liquid has been left at rest for some time. It is likewise obtained in the 
preparation of quercitrin by th€ method presently to be described (p. 6), and by the 
decomposition of several substances identical or isomeric with ouorcitrin, viz. — a. A 
yellow colouring-matter from ripe horse-chestnuts, likewise found in the full but not 
in the undeveloped leaves, and m the flowers (Rochleder). — 0. A yellow dye from 
hops. — y. A yellow dye from the berries of the sea-buckthorn or sallowthorn (Hip- 
pophae rkamnoidrs ). — 5. Flavin , a yellow-brown powder from North America (it 655). 
— f. The green leaves and the flowers of plants contain either quercitrin or quercetin. 
(Filhol, J. Pharm. [3] xli. 151.) v 

.lihumuetin and thujetin are regarded by lllaeiwetz as identical with quercetin, which 
however US' doubted by Bolley in the case of rhamnetin. 

Quercetin forms either small, very slender, bright-yelloWneedles, which do not polarise 
light, or a lemon-yellow powder. It contains water of crystallisation, which, according 
to Hlasi wetz, is not completely expelled at 120°, or even between 200° and 220°. 
Hlasiwetz originally assigned to hydrated quercetin dried at vftrious temperatures the 
formula 4U"H ,8 0’ 9 .H a 0, 2&WO* H’O.and O»H»0«*.H*0. According to the more 
recent experiments ofHlasiwetz and Pfaundler, anhydrous quercetin is and 

there are two hydrates containing 2C ,7 H ,8 0' a .H*0 and C* 7 H lfl 0 ,a .H 8 0. [For analyses, 
sec Gra elin’s Handbook, x'd. 492, and the memoir of Jflasiwetz and Pfaundler above 
cited.] 

Quercetin melts above 251° to a yellow liquid, without decomposition when quickly 
heated, and solidifies in the crystalline form on cooling. At a higher temperature, or 
when slowly heated even to 230° — 250°, it sublimes with partial decomposition in 
yellow needles. It is inodorous, permanent in the airland neutral* 

Quercetin is nearly insoluble in cold, and but slightly soluble in boiling water , 
forming a yellow solution ; easily in alcohol even when very dilute, much less freely in 
ether. It. dissolves without decomposition in warm acetic acid, and in warm concen- 
trated hydrochloric acid. From solution in alcoholic hydrochloric acid it separates on 
concentration fn deep orange-yellow crystals. — Cold nitric add dissolves it readily, and 
on heating the solution, oxalic acid is formed, together with a small quantity of picric acid. 

Quercetin dissolves easily in alkaline liquids, forming golden-yellow solutions, from 
which it is precipitated in flocks by acids. It forms with potash the compound. 
C*»H ll O«.K»0, or C"H"K*0”H*0, a corresponding, compound with soda, ana with 
cine-oxide the compound C 2, H I, 0 1, .Zn ,, H ? 0*. (Hllftsiwetz and Pfaundler.) 

The alcoholic solution of quercetin forms a brick-red precipitate with neutral acetate 
of lead . — Ferrous chloride colours the alcoholic solution dark -red, but scarcely affects 
fthe aqueous solution. — Ferric chloride colours the aqueous solution dark-green, even 
*when very dilute, the colour changing to dark-red when heated. An alcoholic solution 
of quercetin mixed with- alcoholic ferric chloride and evaporated, leaves a da rk-green 
amorphous mass, nearly insoluble in water, but dissolving completely in alcohol and • 
ether, the solutions having the colour of chlorophyll. (Pi a u n d 1 er.jr 

Quercetin easily reduceB nitrate of silver at ordinary te mper atures, chloride cf gold 
at the boiling heat, and cupric oxide in alkaline solution. 5 When heated, or left for 
some time in contact with aqueous anmopdarit^ftmn quercetamide. (Schiitzenber- 
ge* juidParaf, p. 2. 1 ) * 



QUERCIMERIC ACID. 5 


Quercetin heated with potash yields quercetic acid and other products, varying 
according to the duration of the action. “When it is heated with 3 pts. potassium- 
hydrate till a sample dissolved in water exhibits a purple-red colouring on the edges, 
the product consists chiefly of quercetic acid, phloroglucin, i^nd paradatisce- 
tin,* O 5 H ,0 0* (formerly called by Hlasiwetz alpha-quercetin , and regarded as C'^H^O'*), 
which separates in yelfcw flocks on the addition of hydrochloric acid. If the action 
be further prolonged, protocatechuic and quercimeric acids are produced by 
the decomposition of the quercetic acid, also a body which has not been obtained in 
the free state, but remains in the mother-liquor from which the phloroglucin has been 
deposited, and is characterised by yielding a fine violet colour with carbonate of sodium 
and indigo-blue with strong sulphuric acid. * 

Hlasiwetz and Pfaundler regard quercetin as a compound of quercetic acid aud morin : 

C 27 H ,8 0 12 = C 12 H 8 0 5 + C ,S H'°0 7 

Quercetin. Morin. Quercetic acid. 

a view of its composition which explains the formation of quercetic, quercimeric, and 
protocatechuic acids, but not that of paradatiscetin. The quercimeric and protocate- 
chuic acids are formed as shown by the equation already given (p. 4). The phloroglu- 
cin appears to be formed from paradatiscetin, thus: 

2C ,5 H ,0 O 8 + 5H*0 + O 4 ~ 5C 8 H 8 0*. 

The quantity ofrpliloroglucin produced is greater as the action is more prolonged. [The 
mode of formation of quercetic acid and phloroglucin according to the older formulae of 
quercetin has been already given, p. 3.] 

When 'a solution of quercetin in dilute soda-ley is treated with sodium 'amalgam, 
(containing 3 or 4 per cent, sodium) tilL the liquid has acquired a light brownish- 
yellow colour, then neutralised with hydrochloric acid, and shaken up with ether, the 
ether extracts phloroglucin, together with two other bodies which may bo separated by 
precipitation with acetate of lead. On decomposing the precipitate with sulphydric 
acid, and evaporating the filtrate in a vacuum, a crystalline powder is first deposited, 
consisting of a body, A, having the composition C ,3 H ,2 0 5 , while another body B, consist- 
ing of C 7 H 8 0>, separates in granular' crystals from the mother-liquid after longer 
standing and repeated evaporation. 

The less soluble body A is -a weak acid, which crystallises from hot water in slender 
prisms, and dissolves easily in alcohol and ether; its alcoholic solution is colourea’^dark- 
violet' by ferric chloride, and violet changing to brown-yellow by potash. By 
renewed treatment with sodium- amalgam it is converted into phloroglucin ; by fusion 
with potash, into phloroglucin and protocatechuic acid : 

C 13 H 12 0 & + 0* « C 8 H 8 0* + C 7 H fl 0 4 . 

The other body B is also a weak acid : it melts at 130° ; its aqueous solution is coloured 
dark yellow-red by a drop of caustic potash, green by ferric chloride, and then purple- 
violet on addition of sodic carbonate. It reauces silver-solution and alkaline cupric 
solutions, and is converted by fusion with potash into protocatechuic acid : 

C 7 H*O s + H 2 0 = C 7 H 8 0 4 + 2H*. 

An alcoholic solution of quercetin acidulated with hydrochloric acid is converted by 
sodium-amalgam into a red body (Stein’s paracarthamin , iv. 341), which is easily 
reconverted into quercetin. (Hlasiwetzand P f a u n d 1 o r. ) 

QWROT HIMtl C ACID. C 8 H ,0 O 5 . — Produced by the action of melting potash 
on quercetic acid, or by its prolonged action on quercetin. When quercetin is 
ftused with hydrate of potassium till the mass no longer froths up in large bubbles, and 
a sample of it dissolves, no longer with golden -yellow, but with tawny-yellow colour, 
changing to red more quickly on exposure'to the air, quercimeric acid is sometimes 
found in the solution, instead of, or together with, quercetia acid, and separates from 
the mother-liquor in granular crystals, which may be purified by repeated fractional 
crystallisation and decolorisation with animal charcoal, or by decomposition of the lead- 
precipitate with sulphydric acid. _ . , , , 

Quercimeric acid in the crystalline state contains C f H 8 0 5 .H 2 0. It is colourless, has 


* To obtain this substance pure, it is dissolved in alcohol •, the solution is 
which throws down quercetin \ the liquid freed from lead by sulphuric acid. 
thirds, is mixed with nwter ; and the flocks thereby separated are crystallised 
Paradatiscetin is thus obtained in yellowish needles. It is probably Isomeric with datiscetin 806) 
and luteolin (Hi. 79ft ; dissolves easily and with acid reaction in dilute alcohol, toss easily In alcohol, 
and is nearto insoluble in water. The alcoholic solution is coloured violet by % 

potash, turning green on exposure to the air, red or red-brown h y lilSiiS Lc/h 

reduces nitrate of silver and alkaline cuprlcsolutkms whe^eatedwUhttom.Mhen^ilW wHh 
alkaline earths, it yields hydrated saltscrysufflifingi* long ??«&?*• *7 

ihun it yields phloroglucin, but no quercetic or protoodt ^b u t aacto. <UIasiweu and Pfaundler.) 
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an add reaction and astringent taste, dmolrea readjly in water, altohd, and ether, and 
separates therefrom, in granular or small prismatic crystals . ^ The aqueous, solution 
immediately becomes purple-red on fLddition of a trace of alkali, dark-blue, with ferric 
chloride . Like quercetic acid, it reduces nitrate of silver and alkaline cupric solutions, 
and is precipitated by acetate of lead , When fused with potash t it yields proto- 
catechuic acid: * 

OTPO* + 0 -r C 7 H a 0 4 + CO*. 

QVllXCZTAmo ACID. An acid of unknown composition, extracted from 
oak-bark, and exhibiting with ferric salts the same reactions as gallotannic acid. It 
differs however from the latter in not being convertible into gallic acid, and not yield- 
ing pyrogallic acid by dry distillation. It is precipitated by sulphuric acid in red 
flock*?, (Stenhouse, Ann. Ch. Plnirm. xlv. 16.) 

According toKockloder (ibid, lxiii. 202), the tannic acid of black tea is the same 
as that of oak-bark. 


QV£3tCZTE. C a II ,2 0 a . Qucrcin. Sugar of Acorns, (Br aeon not, Ann. Ch. Phys. 
£3] xxvii. 392. — Dessaignes, Ann. Ch. Pharm. lxxxi. 103 and 261.) — A saccharine 
substance contained in acorns. To prepare it, the aqueous extract of bruised acorns 
is freed from dissolved tannic acid by heating it with lime ; the filtrate is left to fer- 
ment with yeast, to remove fermentable sugar; the filtered liquid is evaporated to a 
syrup ; and the crystals which separate after a while, are washed with alcohol, and 
recrystallised from water or weak spirit. . » 

Quereite forms hard monoclinic crystals, grating between the teeth. It is permanent 
in the air, and does not alter even at 216°, but melts at 235°, with partial sublimation 
and slight carbonisation. It dissolves in 8 to 10 parts of water, forming a ’solution 
which takes up a small quantity of lime ; also in hot dilute alcohol. 

Quorcite triturated with strong sulphuric acid , forms a conjugated acid, the calcium- 
salt of which does not crystallise. By hot nitric acid it is converted into oxalic#, pot 
into ultimo acid. A mixture of nitric and sulphuric acids converts it into nitroquer- 
eito, which is a white amorphous resin, insoluble in water, soluble in hot alcohol, 
reduced to quereite when its alcoholic solution is treated with sulphydric acid. .* 
With baryta , quereite forms a compound containing C l2 H 24 0 lg .Ba a). 2H*0. It forms 
a white J&ccfipitute with a warm solution of basic lead-acetate mixed with ammonia. 

C 20 H*>0 7 - C*H ,0 0 3 .(C 7 H 4 0)*. — A solid neutral compound pro- 
dueocfby’Tietrtiiig quereite with benzoic acid to 200° in sealed tubes. It is insoluble in 
water, soluble in ether and in alcohol. When dissolved in absolute alcohol and 
treated with hydrochloric acid gas, it is resolved into quereite and ethylie benzoate. 
(Bert helot, Compt. rend. xliv. 462.) 

Stcaroguercite , ■ C«H*0* - C^ 10 O 3 . (C 18 H t3 0)*, is a white solid mass, which 
reacts like the preceding, and is obtained in a similar manner. (Berthelot.) 

Quarcitartaric acid, C»H w O« « + 4C 4 H®0" — 2H z O, is obtained 

like duleiturtaric acid (ii. 348) from quereite and tartaric acid. Its calcium-salt , 
C 22 lI 2ti Ca s O V!7 .2H O, gives off 16*1 per cent, water at 110°. (Berthelot, Ann. Ch. 
Phys. [8] liv. 82.) 


qVEZICXTRIN. Querdtric Acid, QucrHmelin . — A neutral substance occur ring 
iu quercitron -bark, tho bark of Querous tinctoria . 

Preparation.— -1. The bark is boiled with water, the decoction is left to cool, and the 
impure quercitrin which separates is collected, then rubbed to a pulp with alcohol of 
36° B„ heated over the water-bath, collected on linen, and pressed, whereby the principal 
impurities are removed. The residue is dissolved in a larger quantity of boiling alco- 
hol, the solution is filtered hot, and water is added to it tul it becomes turbid, so that 
the greater purt of the quercitrin separates before the liquid is quite cold. It is then 
collected, pressed, and purified by a repetition of the same treatment (Itochleder, 
J. pr. Chem. lxxvii. 34).*— 2. The pulverised bark ib exhausted with six parts alcohol 
of specific gravity 0*84 in a percolator, till the liquid is of a bright wine-yellow colour. 
The tincture is freed from tannic acid by precipitation with washed ox-bladder or 
isinglass-solution, and filtered ; and after adding water, the alcohol is distilled off, when a 
quantity of brown resinous drops first separates, and afterwards quercitrin crystallises out. 
The crystals must be collected before remaining too long in the mother-liquor, then 
washed with cold water, and dissolved in absolute alcohol; and the filtrate, after addi- 
tion of water, evaporated till’ it crystallises (Bolley, Ann. Gh. Pharm. xxxvii. 101 ; 
ixii. 136.— Bi gaud, ibid. xc. 283). — 3. The bark, in small pieces, isgfcxbausted with 
boiling alcohol ; the alcohol is distilled off; and the residue, while still Warm,' is mixed 


r ® 7 **a ,n,n I 8! in the bark is obtained as quercetin by decomposing a second decoction 
with hydrochloric acid in the col.i, then filtering, and heating to the boiling •point, tho <fuar^ctia then 
separating. , 14 ,s to he Altered whilst hut, us afterwards only a little impute quercetin ia deposited , 
from tho solution. (Kochteder.) 
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witha littie acetic acid, and then with neutral acetate of lead ; the filtrate, freed from 
lead by sulphydric acid, is evaporated ; and the quercitrin which crystallises is purified 
by repeated crystallisation from alcohol (Zwenger and Dronke, Ann. Ch. Pharm. 
'Suppl. i. 266). — Stein (J. pr. Chem. Ixxxv. 361) apprehends, in this process, a 
decomposition of the quercitrin by the free acetic acid. 

Properties. — Hydrated quercitrin forma microscopic, partly rectangular , partly 
rhombic tablets having their obtuse lateral edges truncated; pale-yellow when pulverised. 
It is neutral, inodorous, tasteless in the solid state, bitter in solution, permanent in 
the air. 

Air-dried quercitrin heated to 100° gives off, on the average, 6*71 per cent, water, 
and when heated to 165° for some time, a further quantity, amounting altogether to 
11*81 per cent, of the aiivdried substance. After deliydration, the quercitrin melts at 
160° to a dark-yellow resin, which solidifies to an amorphous mass on cooling. 
(Zwenger and Dronke.) 

Hlasiwetz and Pfaundler (Jahresb. 1864, p. 564) give for anhydrous quercitrin 
the formula C 88 H 80 O* 7 , and state that it forms three hydrates— C 83 H 80 O ,7 .H*O, 
QssjpoQi? 2H 2 0, and C^IP’O^.SIPO. Several other formulae have been proposed for 
quercitrin. Hlasiwetz at different times assigned to it the formulae e*Ti M 0‘ 7 and 
C 8S H 36 0 20 , while Zwenger and Dronke regard it as C l9 II ,R 0 , °. It is by no means 
certain that the so-called quercitrins examined by these several chemists are identical 
with one another (p. 4). [For analyses and calculations, see Gmeliu’s Handbook , 
xvi. 497-] 

Quercitrin is slightly soluble in cold, somewhat more soluble in boiling water ; 
much more soluble in alcohol , slightly in ether. It dissolves also in warm acetic acid, 
in dilute aqueous ammonia, and in caustic soda ; the ammoniacal solution gradually 
deepens in colour on exposure to the air. 

Quercitrin is almost wholly precipitated from its solution by neutral or basic acetate 
of ‘Head, the precipitate being readily soluble in acetic acid. Aqueous or alcoholic 
quercitrin is coloured dark-green by ferric chloride, even when diluted to 4,000 or 6,000 
times its bulk (Rigaud). It is not coloured at first by ferrous chloride, but tho solu- 
tion turns greenish on exposure to the air. (Zwenger and Dronke.) 

Decompositions 1. Quercitrin yields, by dry distillation, empyreurnatic^roducts, 
together with yellow crystals of quercetin, and leaves a light difficultlyx*^ugtible 
charcoal.— 2. Solutions of quercitrin acquire a brown-red colour by tho 

air (Jolley). Concentrated nitric acid produces a violent evolution of nitrro- 6xido 
and carbonic anhydride, and forms a clear red-brown solution containing oxalic acid 
(Rigaud). Besides a large quantity of oxalic acid, there is produced a trace of picric acid 
(Zwenger and Dronke); none according to Stenhouse(Ann.Ch.Pharm,xcviii. 179). 
Dilute nitric acid, when warmed with quercitrin, produces at first the same splitting- 
up as other acids, afterwards more complete decomposition (Rigaud).— 4. Quercitrin, 
heated with oxide of manganese and sulphuric acid (Boll ey), with chromate of potassium 
and sulphuric acid (Rigaud), yields formic acid.— 5. The dark-brown precipitate pro- 
duced by nitrate of silver in solutions of quercitrin is quickly reduced to tho metallic 
state (Boll ey). Quercitrin reduces nitrate of silver and trichloride of gold quickly 
in the cold, cuprate of potassium only after continued boiling pr long standing 
(Zwenger ana Dronke).— 6. Oil of vitriol forms with it a solution whieh soon 
becomes dark and black (Rigaud).— 7. Quercitrin is decomposed, by boiling 
dilute mineral acids, into quercetin, which separates, and a saccharine substance, 
also according to Rigaud by boiling with alum, but not by prolonged heating with 
acetic acid. The decomposition is not effected by emulsin (Zwenger and Dronke), 
According to Hlasiwetz and Pfaundler, the sugar produced is isodulcite, C fl H ,4 0 8 , 

C*H. M 0' 7 + H 2 0 - + C*H H 0 # . 

Quercitrin. Quercetin. Iiodulcite. 

100 pts. of anhydrous quercetin were found to yield 25*5 pts. isodulcite ; calculation 
requires 26 4 pts. Hlasiwetz formerly found 27*87 per cent, sugar, which he regarded 
as isomeric with glucose, representing its formation by the equation, 

C^H^O 17 - C M H ,8 0 10 + C 8 H ,2 0* + H 2 0, 

Quercitrin. Quercetin. Sugar. 

which requires 27*4 per cent. Rigaud, on the other band, found that 100 pts. of 
quercitrin yielded on the average 44*35 pts. sugar and 61*44 auercetin, and Stein 
obtained 62*9 fk quercetin. These numbers agree approximately with the equation 
given by Zwenger and Dronke*: t 

0f»H l§ O w + 2H*0 « C w H ,# O i + C : 

Querdtrin. Quercetin. Sugar. 
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iih k f 60-50 per eat qneieetin and 41-57 sugar. The great divergentes in 
these results seem to indicate that substances differing from one another in constitu- 
tion hare beetn*con founded together under the name of quercitrin. 

QiraftOXTBOV. A yellow dye-stuff consisting of the sharings and powder of* 
the bark and alburnum of Quercus tinctoria, Q. nigra, or Q. citrina , a kind of oak 
indigenous in North America, especially in Carolina , Georgia, and Pennsylvania. It 
is used in America for tanning, in Europe for dyeing only. For the latter purpose, 
the aqueous decoction (which contains qhercitrin) mordanted with alum or stannic 
chloride is employed. According to Leesching (Rep. of Patent Inrentions, Jan. 
1856, p. 55), a product of greater colouring power may be obtained by boiling the bark 
With dilute sulphuric acid or hydrochloric acid. This result is probably due to the 
conversion of the quercitrin into quercetin, which, according to Rigaud, produces 
much purer and brighter colours on tissues than quercitrin. 

quiRCVS. Oak . — The w o o d of Quercus sessilijlora # has a specific gravity of 0*65, 
andan the air-dried state contains 48*8 per cent, carbon, 6*1 hydrogen, and 45*1 oxygen 
(94u«41 er §»d Petersen, Ann. Chem. Pharm. xvii, 139), Vogel (N. Jahresb. * 
Pham^i. Mgt found 49 6 C to 6 3 H, 43*7 0, and 1*5 ash ; in the mould of oak-wood 
»0*6 O, and 1*9 ash. Sprengel (J. Techn. Chem. xiii. 383) found in 
wood only 0*20 per cent. asn. 

" T^Stea-ves of the oak contain, according to Sprengel, 48 pts. water and 62 pts. dry 
substance, 26 pts. of which are soluble in water, and 57 pts. in dilute potash-ley. Ac- 
cording to Bous si ngault (Ann. Ch. Phys. [2] lxvii. 408), 100 pts. ofthe dried leaves 
contain 2*1 per cent, nitrogen, and according to Sprengel, 100 pts. of the air-dried 
leaves yield 6*06 per cent. ash. 

Oak- bark contains, besides quercitannic acid (p. 6), a small quantity of gallio 
acid, red tannin-deposit (oak-red), wax, pectin, and other vegetable constituents ; it also 
yields‘2 per cent, ash, consisting of lime, magnesia, oxides of iron and manganese, 
phosphoric, silicic, and carbonioacid. The proportion of soluble constituents in general 
and of tannin in particular, is Iobs in old than in young bark, less also in the outer than 
in the inner bark. Davy (Gehl, N. Chem. J. iv. 343) found in 100 pts. of oak -hark, 


Inner white bark of old oaks 
Inner white hark of young oaks . 
Entire bark in spring 
Entire bark in autumn 
Bark of oak underwood 
Middle coloured bark 




Extractive 

Tannin 



matter. 




. 22*6 

150 



23*6 

16*0 



12*7 

60 



, — 

4*4 



. — 

6*6 



. 9*0 

4*0 


Fehling (Wurtemb.Gewerbebl. 1856, p. 77) found in old oak-bark about 0 per cent., 
in bark of bettor quality from 13 to 16 per cent., and in the best inner bark 19 to 21 
per cent, tannin. Muller (Arch. Pharm. xxxvii^. 266) obtained from the bark of stems 
two or three years old, about 1 1 per cent., and from that of older stems 6 per cent, 
tannin. 

The harks of Quercus scssMiJlora , Q. peduneulata, and Q. Ilex axe extensively used 
in tannin. Oak-bark has also been used for the preparation of inks, and in medicine 
for its styptic and astringent qualities. 

Acorns, Glandus quercus , the fruit of the oak, have been examined by several 
ehemistB. The shell or cup constitutes about one-fourth of the entire fruit. Shelled 
acorns contain, according to Brande, 20*3 per cent, starch, 2*9 tannin, 61*7 extractive 
matter and water, 7'1 wood-, fibre, and 18*0 per cent, gluten. The results of analyses 
by other chemists are aB follows : 


Composition of shelled acorn a. 

Ltiwlg. 

Braconnot. 

v. Blbra. 

Starch 

38-0 

37*0 

34*9 

Uncxystalli sable sugar , , . 


70 

8*1 

Gum and extractive matter . , , 

6*4 

5*0 

.W* 

Nitrogenous substances 

Tanmc acid ..... 

90 

15*0 

7*3 

7*0 

Fixed oil 

4*8 

3*8 

8*8 

Woody fibre . 

1*9 

31*9 


Water , . . * . 

Vegetable mucilage, gum, woody fibre, &c. 


81*8 

*440 


. * TM« h the common oak In Germany sad the South of Europe, and li known is Quercus Sour . 
JnKnglaod the latter term It applied to Q.peduncuicta, which Is the most common at the present day » 
but in former times, the sessile-Aruited oak, which li a larger and finer tree and produces more durable 
timber thauthe pedunculated, species, was the most abundant (see fnisj ftyrdipwdYc, article Qoutc ua ), 
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Braconnot also found citric acid and quercite in acorns. Accordii%to V. Bibra, 
they also contain a small quantity of volatile oil. 

An infusion of roasted acorns ( acorn coffee) is sometimes recommended as a tonic and 
'a stringent The roasting converts part of the starch into dextrin, aid forms bitter 
matter and empyreuma tic oil. 

The ash of acorns has been analysed : — a. By Graham, Stenhouse, and Campbell 
(Chem.Soc.Q.J.ix.33); b. by Klein schmid t (Ann. Ch. Pharm. 1. 11 7), with the fol- 


K a O. 

Na*0. CaO. 

MgO. Fe 2 O s . P20». 

SiO*. SO 3 . 

Cl. 

CO*. 


54*9 

0-6 6*1 

4-3 0*5 11*1 

1*0 4-8 

2*5 

13*7 

a> 99*5 

64*6 

0*5 6-9 

5-6 1*4 170 

1-0 2-7 

0-6 

— 

=s 100*3 


The cups of the acorns of Quercus Mgilaps are importea irom omyra», vypr u», ouu 
other places in the Levant as Valonia ; they are very rich in tannin, and are therefore 
used in place of gall-nuts ; they likewise contain gallic acid. The tannin contained in 
them differs, however, from gallo-tannic acid, in not yielding pyrogalhc acid by dry 
distillation. (Stenhouse.) , * 

The cups of various kinds of oak, when distorted by the punctures ot 
form the so-called oak-apples. These are also used in tanning, bq}_ 
only a small proportion of tannic acid. The true gall -nuts'or nut-gw 
cresences produced on the leaves and leafstalks of the dyer’s oak (Quercus 
by the punctures of the same insect (ii. 7 62). 



QUXCXSX&VSR. Syn. with Mercury. 

QUXLLATA. The bark of Quillaya saponaria , a tree growing in Mexico, yields a 
soapy infusion, which is used for washing. It contains a considerable quantity of 
saponin ; also deposits of crystalline oxalate and tartrate of calcium, formerly mistaken 
for sulphate. (Fliickiger, Jahresb. 1862, p. 624; 1863, p. 610.) 

QtrXXAAYXXT. A name applied to saponin from quillaya-bark, before its identity 
with saponin from other sources was recognised. 

Affxrr A JTI XiX PB, or Phenyl-quinamide. C ,8 H ,7 N0 4 = N.C T H n O*.C # H 5 .H. 

(0. Hesse, Ann. Ch. Pharm. cx. 336. V— 1 This compound is produced by heatingquinic 
acid with excess of aniline to 180°, freeing the product from unaltered aniline by 
means of ether, and dissolving the residue in ether-alcohol. The solution on cooling 
deposits quinanilide in Bmall white silky needles, containing 1 at. water, which they 
give off at 90°. It melts at 174° (corrected), and decomposes without subliming 
when heated above 240°. It dissolves easily in water and in alcohol, sparingly in 


ether. 

OVinrCB. Cydonia vulgaris. — The juice of quinces contains malic acid. Lancaster 
(Am J. Pharm. xxxi. 198) obtained 1*6 grm. crystallised malate of lead from the 
acid contained in 463 grms. of the fruit. The seeds contain a large quantity of mucilage 
(ii- 963). , , , 

QUXKCXTS. A hydrated silicate of magnesium, occurring near the village ot 
Quincey in France, in light carmine-red particles disseminated through a limestone 
deposit. Contains, according to Berthier, 64 per cent, silica, 19 magnesia, 8 ferrous 
oxide, and 17 water ( « 98). Strong concentrated acids dissolve out the magnesia and 
iron, leaving gelatinous silica. (Dana, ii. 281.) 

OVXXTBTXIT. The name given by Marchand (J. Pharm. xiv. 247) to a product 
which he obtained by oxidising quinine with peroxide of lead and sulphuric acid. It 
was not, however, a definite compound, as it was separable by wate* into a red bitter 
substance, soluble therein, and another substance insoluble in water but crystaUisable 
from alcohol. 


QVXVBTOXOira. Green Hydroquinone (iii. 213). 

OVXSTXO Acn>. C^O*. Kinic acid . Chinasdure. Acide quinique. (Hof- 
mann, CreiLAnn. ii. 314 — Vauquelin, Ann. Chim. lix. 162.-- Pelletier and 
Caventou, Ann. Ch. Phys. [2] xv. 340.— Liebig, Pogg. Ann. ni. 1; x»x. 70.— 
Baup, Ann. Ch. Phys. [2] U. 6.— Woskresensky, An n. Ch. Pharm.xxiv. 267.— 
Hesse, Ann. Ch. Pharm. cx. 194, 333 ; cxii 62 ; cxiv. 292 ; UnUrsuchmgm kber die 
Chinongruppe, Gottingen, I860.— Clemm, Ann. Ch. Pharm. me. 346.— Zwenger 
and Siebert, ibid. cxv. 108; Suppl. i 77.-Z wenger and Himmelmapn, tbtd. 
cxxix. 203.— Gm. xvi. 222). - .. 

This acid wis -first isolated in 1786 by Hofmann, an apothecary of the 

calcium-salt of cincbona-barks, already known by the researches of Hermbstadt, 
Deschamp, and others; afterwards, in 1806, by Vauquelin. . . x * 

Occurrence* — In the true cinchona- barks, in the bilberry plant ( Vaccintumjsaprtmis\ . 
and in coffee-beans ; also in the leaves of the coffee-plant, and of the common 
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iSrffy (Be* AquifoHum), vfBe* paragwiymsis, privet (Ligwtrum, wfoare), ivy (ffedera 
Helix), the common oak ( Quercu s Eobur), the evergreen oak (Q.Jlex), the common 
elm (Ulmud campestris), the ash (Fraxinus excelsior), and Cyclopia latifolia, inasmuch, 
m Stenhouse (P hil . Mag. [4] vii. 21) found that all these leaves, as well as cotfee- 
beaus, when distilled with sulphuric acid and manganic peroxide, yield quinone, which 
is a product Of the decomposition of quinic acid. The ericaceous plants, Calluna 
wdgmris, Pyrdaumb llata, Rhododendron ferrugineum, and Arbutus Uva Ur si, yield by- 
dry distillation hydroquinono,* also derived from quinic acid, or, in the case of the 
arbutus, probably from arbutin. 

Preparation of the calcium- salt. — ct. From Cinchona-bark * 1 . The liquid obtained 
$by precipitating the sulphuric acid extract with milk of lime in the preparation of 
quinine (p. 16), is evaporated to a syrup, decanted from sulphate of calcium, and 
evaporated over the water-bath to a soft extract ; this is boiled two or three times 
with alcohol ; and the residue is dissolved in a small quantity of water. The solution, 
alter standing for some days, solidifies to a crystalline mass, which is strongly pressed 
and purified by recrystallisation. The mother-liquor yields a further quantity of the 
salt (Henry .and Plisson). — 2. A decoction of cinchona-bark, in water containing 
sulphuric acid, is filtered whilst hot, and to the filtrate freshly precipitated oxide of 
lead is gradually added, until the liquid becomes neutral, and exhibits no longer a red but 
a palely ellow colour. (If too little oxide be added, colouring -matter remains in solu- 
tion; if too much, basic quinate of lead is thrown down). The filtrate is freed from 
lead by eulphydric acid and filtered ; milk of lime is then added, to precipitate the 
quinine and cinchonine ; and the filtered liquid is evaporated to a syrup, which yields, 
on cooling, a ciystalline mass of calcic quinato (Henry and Plisson). — The deposit 
frequently found in extract of cinchona is impure quinate of calcium; it may be 
obtained in crystals by precipitating an aqueous solution with neutral acetate of lead, 
removing the excess of lead by sulphydric acid, and evaporating. (Oonicke, Pharm. 
Centr. 1838, p. 168.) 

0. From the Bilberry plant . — The fresh plant, collected in May, is boiled in 
water with addition of lime; the decoction is evaporated, and the quinate of calcium 
thrown down by alcohol. The glutinous precipitate, dissolved in water containing 
acetic acid, is freed from colouring-matter by addition of neutral acetate of lead, then 
filtered; and the filtrate (freed from lead) is evaporated to a syrup, from which the 
quinate of calcium crystallises after some days. (Z w e n g e r. ) 

7 . From Coffee-beans.— The thoroughly-dried (or roasted) and coarsely-powdered 
beans are boiled repeatedly in water ; the decoction, after being mixed with milk of 
lime, is concentrated, first over an open fire, and later, after filtration, on a water-bath, 
to a syrup ; twice its volume of alcohol is then added ; and the precipitate thereby 
formed is separated, after 24 hours, from the solution, which contains caffeine. The 
precipitate is washed with alcohol, pressed, and dissolved in hot water. The filtered 
solution is slightly acidified with acetic acid, and precipitated with neutral acetate of lead, 
whereby tannato of lead and other substances are thrown down ; and after separating 
these by filtration, the quinic acid is precipitated by basic acetate of lead. The 
lead-salt thus obtained, after being washed and decomposed under water with sul- 
pliydric acid, yields aqueous quinic acid, which is converted into the calcium-salt by 
neutralisation with carbonate of calcium. (Zwenger and Siebert.) 

The quinate of calcium is purified by repeated crystallisation, or by precipitating it 
with alcohol of sp. gr. 0-849, and dissolving in alcohol of sp. gr. 0*948; 

Separation of the acid from the calcium-salt. — 1. A solution of the calcium-salt in 
water is decomposed by an exactly equivalent quantity of oxalic acid, filtered from the 
oxalate of calcium, and evaporated to crystallisation (Vauquelin). HesBe employs ' 
a slight excess of oxalic acid, which he removes from the filtrate by means of neutr&L 
acetate of lead; the excess of lead is then removed by sulphydric acid.— 2. Aii 
aqueous solution of the salt is precipitated by basic acetate of lead ; the washed pre- 
cipitate, suspended in water, is then decomposed by sulphydric acid ; and the solution* 
is filtered and evaporated (Berzelius). — 3 . The* calcium-salt is decomposed by an 
aqueous or alcoholic solution of sulphuric acid. 

Properties — Quinic acid crystallises in monoclinic prisms, ooP . oP, with wPoo and 
[?»Poo J subordinate; sometimes oP predominates so far as to give the crystals a 
tabular form. Anglo »P : »P « 146° 48'; «>P : oP « 12 0 ° 46'. Spedfic gravity 
“ 86 \ J ,?r acid do £ s uofc J ose weight at 100 °, but melts, with loss ofwater, 

at 16i'6° corrected (Hesse; Zwenger and Siebert); at 166° (Woskresensky). 
and solidifies on cooling to a hard amorphous mass. It exerts a left-handed action 


•Th* hydroquinono thu* produced was regarded by Uloth, who firat obtained It from erfcaceout 
215*1 fn 'F ino . ne ’ Heaae, however, auggetted ita IdenUty^rfth 
nydroqulnone, *»d the correctness of this view haa been demonstrated tair ZurAnmr «n<i tfimmaimjmu 
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Oil polarised light, the molecular rotatory power being greater in a solution prepared 
with cold than in one prepared with hot water, least of all in a solution of the fused 
acid. (Hesse,) 

Quinie acid dissolves slowly in 2j pts . of cold water, and in a much smaller quantity 
of boiling water. The solution, if quite pure, may be evaporated Without turning 
yellow. The acid is very slightly soluble in alcohol of 94 per cent., but dissolves 
easily in alcohol of ordinary strength ; it is nearly insoluble in cold ether. 

Decompositions.— 1. Quinie acid heated to 200°— 225° gives off water, and is con- 
verted into quinide, C 7 H'°0 5 - C 7 H ,2 O a - IPO. Other products are, however, 
formed at the same time: for tho calculated loss of water, according to the preceding*, 
equation, is 9'95 per cent, whereas, according to Hesse, 10 per cent, are given off at 
165°, and more than 13 per cent, at 220°. Quinie acid which has been heated above 
200° contains small quantities of carbohydroquinonic acid (iii. 214), recognisable by 
its reaction with ferric chloride (Hesse). — 2. The acid, when quickly heated m 
contact with the air, burns with a yellow flame, emitting an odour like that of burnt 

3. Quinie acid subjected to dry distillation in a retort, melts, boils, and at about 280° 
turns brown, giving off water and a gas which burns with a pale-blue flame. At a 
higher temperature, it yields a sublimate of yellowish prisms, which melt and condense 
to an oily distillate containing hydroquinone (iii. 213), benzoic acid, phenol, benzene, 
and pyrocatechin * The formation of hydroquinone is represented by the equa-acid : 

C 7 H‘ 2 O a = C a H a 0 8 + CO + 3H 2 0. 

4. Quinie acid dissolves in strong sulphuric acid at a moderate heat, with evolution 
of carbonic oxide and formation of disulpho-hydroquinonic acid (iii. 217): 

C 7 H l2 O a + 2S0 3 = C a H a S 2 0 8 + CO + 3H 2 0. 

Sulphuric anhydride and fuming sulphuric acid also produce disulpho-hydroquinonic 
acid, hut carbonise a large quantity of the quinie acid (Hesse).— 5. A solution of 
quinie acid in aqueous phosphoric acid gives off a largo quantity ot gas when con- 
centrated, and forms phos pho -hydroquin onic acid (iii. 217): # 

C 7 II ,2 0 8 + H s P0 4 = C’lITO 5 + CO + 4H 2 0 (Hesse). 

6. Nitric acid converts quinie acid into oxalic acid, another acid which has not 
been examined being also formed at the beginning of the action .-—7. The aqueous acid 
treated with peroxide of lead gives off carbonic anhydride and yields hy droqu inoiie 

(Hesse). + pb0 , = C « H « 0 2 + CO 2 + 3IHO + PbO. 

8. Quinie acid or its salts distilled with sulphuric acid and peroxide of manganese , 
yields a yellow crystalline sublimate of quinone : 

C 7 H ,2 O a + 0 2 = C a H 4 0 2 + CO 2 + 4H 2 0. 


This reaction is very delicate, and will indicate the presence of qumic acid in a few 
grammes of cinchona-bark. For this purpose the bark is boiled with milk of lime, 
and the alkaline filtrate concentrated by evaporation is treated m a small cap- 
sule with sulphuric acid and oxide of manganese : the presence of quime acid is then 
immediately indicated by the pungent odour of quinone (p. 27), (Stenflouse, Ann. 
Ch Pharm. liv. 100). — 9. The acid distilled with peroxide of manganese, sulphuric 
acid, and common salt, yields a distillate containing mono-, di-, tri- and tetra- 
chloroquinone together with pentachloracetone. The same products, to- 
gether with lower chlorinated acetones, are obtained by boiling qumic acid with 
hydrochloric acid and chlorate of potassium (St adeler, Ann. Ch. Pharm. lxix. 300; 

cxi. 293) ; also carbohydroquinonic acid. (Hesse.) . , , , 

10. Bromine dropped into aqueous quinie acid converts it into carbohydroqui- 

n °n. C QiUnt acid heated for several hours to 115°— 120° with saturated aqueous 
Iwdriodic arid, is converted into benzoic acid. The same product is formed when a 
syrupy solution of quinie acid is distilled with 4 at. diniodide of phosphorus. , When 
quime acid is heatod to 140° with hydriodie acid and phosphorus (the addition of 
which prevents the action of free iodine), an acid is produced containing 6 at. hvdrogen 
more in »n benzoic acid. The reduction appears, therefore, to take place as follows . 
C’H^O 6 + 8HI -» C 7 H ,2 0 2 + 4H 2 0 + 41*; 


and 


Quinie 

acid. 

C r H ,2 0* + 41* 


C 7 H a O* + 

Benzoic 

acid. 


6HI + I*. 


• Wohlcr(Ann. Ch, Pharm. xlV. 3M) found 1 aUo ftftlicylous acid ; but Zwenger an 

Hunmelmann, thU body doei not occur amoo# the produoto of diitilUtiofl of HOiatc acid. 



IS 


QUINIC ACID. 



It ia monobasic, tbe general for- 



toSTfaZltfS C'B^^^id 0 or'foubJe quinatas are know£, bit back 
iito. oftarium, Wd, iron, and copper have been obtained Tie qmmtea are . 

> mnat mar#: crvhtitllisablA. an d have a neutral reaction ; with the exception of t 


for 

ttoat part crystallisaUe, and have a neutral reaction ; witn Vie excepnon or the 
Ic le&a-salt they ere soluble in water, but insoluble in alcohol stronger than 32 J3n i., 
are separated from their solution by strong alcohol in the form of glutinous preci- 
Most of them retain their water of crystallisation at 1 00°. By dry distillation 
aic acid and a sublimate of quinone (Woskresensky). Quinic acid 
nc a cid in preventing the precipitation of metallic oxides by alkalis. 

Quinine of Ammonium is deliquescent, and gives off part of its ammonia on 
evaporation. — -Th e potassium-salt is bitter and deliquescent. — The sodium-salt , 
K G'H jr NaO*.5H z O t crystallises in six-sided prisms containing 14*5 per cent, water of 
crystallisation. It dissolves in half its weight of water 'at 15°. 

Quin ate of Barium , C ,4 H**Ba"0 ,2 .6H ? 0 r obtained by saturating the acid with 
^carbonate of barium, crystallises in dodecahedrons formed by the junction of two acute 
-iffo-aided pyramids. It contains 17"4 per cent, water of crystallisation, is very soluble 
! in wiser, y£mi$ly soluble in a Ieoh o of 83 per cent. 

^ v T1ml 1 1, C M H”Ca"0 ,a .10H 2 O, occurs, as already observed, in dnehona- 
Jrfl^pitatod by chloride of calcium from alkaline quinates, after adding 
ammonia, and leaving the mixture to stand. It crystallises in 
rhmnb^idarplates of about 78° and 112°, often becoming hexagonal by truncation of 
the two acute angles, and easily splitting into shining laminae. It dissolves in C pts. 
of water at 16°, its solubility varying greatly according to the temperature; nearly 
insoluble in alcohol. Contains, according to Baup, 29‘5 per cent, water of crystallisa- 
tion, which it loses at 100° (calc. 30 3 per cent.) ; it suffers no further loss of weight at 
120 °. * 


The strontium-salt , C H H 2a Sr'O ia .10H a O, crystallises in tables apparently isomor- 
phous with the calcium-salt, but distinguished by their rapid efflorescence, and the 
nacreons aspect which they assume on exposure to the air. It dissolves in 2 pts. of 
water at l# 3 , and in a much smaller quantity of boiling water. Contains 27*95 per 
cent., water of crystallisation, of which it loses three-tenths by efflorescence. 

The’ magnesium, -s alt is very soluble, and forms crystalline efflorescences like cauli- 
flower-heads. — The yttrium-salt dries up to a gummy mass. 

Quinate of Cadmium, C H H 22 Cd"O la , forms dirty-white lam into and small white 
crystalline needles, permanent at 180°, soluble in about 253 »pta. of cold water. — The 
cobalt-salt , C 14 H* J Co"0 13 .6H 2 0, separates from the dark -red solution, after it has 
been Left for several days to dry up to a syrup and then diluted with water, in small 
red nodules, which quickly effloresce and assume a lighter colour. After drying over 
oil of vitriol, or in the air, it gives off 5 at. water at 160°, and becomes reddish-blue.' 
Does not melt when burnt, 

Quinates of Copper. — a. The normal salt , C H H a *Cu"0 ,a is obtained by 
mixing aqueous quinic acid in excess with hydrate or carbonate of copper, and 
cooling the resulting solution, or leaving it to evaporate, any portion of green basic 
salt that may be precipitated at the same time being removed, and the neutral salt 
crystallised from water containing quinic acid. It forms pale-blue laminae or needles, 
which contain 5 at. water of crystallisation, and give off two-thirds of it in contact 
with the air: dissolves in about 3 pts. of cold water, the solution decomposing on stand- 
ing, and more quickly when heated, with separation of a basic salt. — 0. A basic salt. 
C l , H aa Cu w 0 ,a .Cu"H*0 a .2H 8 0, or C , H lfl Cu"O a . 2H a O, ^obtained:— 1. By decomposing the 
burium-salt with somewhat less than the equivalent quantity of cupric sulphate, and 
adding a few drops of , baryta- water to the clear ftltrate, which then, on standing or 
evaporating, deposits regular crystals.— 2. By boiling aqueous quinic acid with excess of 
cupric hydrate, and precipitating the filtrate with ether-alcohol. In this mode of 
preparation, however, it is difficult to separate the sparingly soluble salt from the excess 
of cupric hydrate. — 8. The salt is likewise formed m small quantity, with evolution of 
acetic add, on evaporating a solution ? of calcic quinate with cupric acetate. Over oil 
of vitriol it gives off only its adhering water (K renters), amounting to between 1 and 
2 *5 per cent. Between 100° and 120°, it gives off all its water of crystallisation 
(Liebig), and decomposes at a temperature above 140°. Dissolves in 1160 to 1200 
pts. water at 18°. 

The ferric salt is a yellowish-red gummy mass, easily soluble in water. 
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Lead-salts.— a. The normal sak, C l *H w Pb N 0 , *.2H*0, forms needle-shaped crw- 
tala soluble in alcohol and extremely soluble in water. — & A basic 4a4fc' C M H’*Pb^O’* 
or C T H 8 Pb*0*, is deposited as a white bulky precipitate on mixing aamk&line quinate 
• with basic acetate of lead, or on adding a little ammonia to the boiling solution of the 
normal salt. It is insoluble in boiling water, soluble in basic acetate of lead, and 
quickly attracts carbonic acid from the air. 

The manganese-salt ciystallises in rose-coloured Iaminm. — The mercuric salt 
is colourless, uncrystallisable, and yields on desiccation a yellowish-red xeaidjfee* \ 
sparingly soluble in water. — The nickel-salt is a green, gummy, very soluble mas* ’ 

Silver-salt , CHP'AgO 6 , — On adding nitrate of silver to an alkaline quinate, if&'T 
mixture blackens, and quickly deposits metallic silver. The silver-salt mi ' 
be obtained by saturating a weak solution of the acid with recently precij 
bonate of silver. The solution evaporated in a vacuum yields m$mmellat4 
crystals, which are perfectly white, but easily blacken when exposed to ligi 
The zinc-salt^ <J N H 22 Zn"0 1 * resembles the cadmium-salt in appearance, 
soluble in wafer. 

qyxvxc ZTHEX. Ethylic Quinate, C 8 H ,8 0 8 « C'R J, (C 2 H ft )0 8 obtained by 
heating quinate of silver with ethylic iodide, is a yellow syrup, viscid at mean tempo- , 
ratures, mobile at 50°, having a bitter taste and aromatic odour, easily soluble in 
water and in alcohol, less soluble in ether. It appears to distil, partly without decom^ 

position, between 240° and 260°, in a stream of carbonic anhydride, bu!* ^ 

of it is decomposed with intumescence at a temperature a little ab 

on platinum-foil, it first volatilises in white smoke, and ultimate^ w-minf r~rj "*** , 

it, bright flame. (Hesse, Ann. Ch. Pharm. cx. 335.) — J 

quuncnrs. C 20 H 24 N 2 O 2 . (Pasteur, Compt. rend, xxxvii. 1W -0m 
An alkaloid isomeric with quinine and quinidiue, and produced by the molefeukait trans- 
formation of either of those bases. It is prepared similarly to cinchonicine (i. 971), by 
heating sulphate of quinine with a small quantity of water and sulphuric acid. The 
salt remains fused even after all the water has been expelled ; and by three or four 
hours* heating in the oil-bath to 120° — 1 30°, tho whole mass is* transformed into 
sulphate of quiniciue, mixed with an extremely small quantity of colouring-matter. 

Quinicine is insoluble in water, but very soluble in absolute alcohol and in spirit of 
ordinary strength. It iB very bitter, possesses febrifugal properties, and is precipitated 
from its solutions by alkalis as a fluid resin. It turns the plane of polarisation to tho 
right. It unites easily with carbonic acid, and expels ammonia from its compounds 
at ordinary temperatures. A solution of quinicine in aqueous racemic acid deposits at 
first chiefly the dextrotartrate, whilst tho lsevoturtrate remains in the mother-liquor. 
Quinicine is coloured green by chlorine- water and ammonia, though less strongly than, 
quinine. (Herapath.) 

QVZV1DE or Quinic Anhydride , C’H 10 0 5 = C 7 H 12 O a — H*0.— Prepared by heat- 
ing quinic acid to 220° — 250®, dissolving the residue in boiling alcohol, and leaving 
the clarified solution to evaporate. When recrystallised from water, it forms small 
crystals resembling sal-ammoniac. It has an acid reaction, dissolves easily in water, 
sparingly in dilute alcohol, and in presence of certain bases is reconverted into quinic 
acid. (Hesse, Ann. Ch. Pharm. cx. 335.) 


QVXNXDXVB. C*°H 2I N O a .~ This base, isomeric with quinine, exists in certain 
cinchona-barks together with quinine and cinchonine. It was first observed in 1833, by 
Henry and'Delcndre (J. Pharm. xix. 633), in the quinoidine of commerce, in which 
it exists, together with smaller quantities of quinine, cinchonine and resin. Van 
Heijningen, however (Ann. Ch. Pharm. lxxii. 302), first separated it from 'thiq 
mixture in the pure state, and showed that it is isomeric with quinine. Its action on 
polarised light has been studied by Pasteur (Compt. rend, xxxvi, 26). Several of 
its double salts have been prepared and examined by Stenhouse (Proc. Boy. Soc. 
xii 491). 

Occurrence.— In cinchona-barks, especially in some of the yellow barks (H enry and 
Delondre). According to Howard (Pharm, J. Trans, v. 368), it occurs in certain 
varieties of Cinchona condammea , more especially var. pitayensis ; according to 
Henkel (N. Repert. Phann. xiii. 200), in Cinchona nitida, together with cinchonine 
and a little quinine. The root-bark of C. CaUsaya contains quinidfhe and a small 
quantity of quinine. The red bark of C. officinalis, C. micrantha, and v <7. suocirubra, 
grown in the East Indies, and taken at the age of eighteen months or least Wat fotmd 
to contain 6 per cent of alkaloids, of which about 4 per cent, consisted of quinidine, 
cinehonidine, and quinine, and 0'9 per cent, of cinchonicine with traces of cinchonine 
(Howard). According to Pasteur, the quinidine of commssee is forthomostpast 
a mixture of true quinidine with a second base. 
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Preparation -<!knniioercial quinoidine is dissolved in the smallest possible quantity 
of ether; the filtrate is freed from ether by distillation ; the residue is dissolved in 
dilute sulphuric arid; the solution is decolorised by animal charcoal, and precipitated 
by ammonia ; the -washed precipitate is dissolved in ether ; and the ethereal solution, ’ 
mixed with one-tenth of its volume of alcohol of 90 per cent., is left to evaporate. It 
then deposits crystals of quinidine, which are purified by washing with alcohol. The 
mother-liquors saturated with sulphuric acid yield, first crystals of sulphate of 
quinidine, and afterwards of sulphate of quinine. Quinoidine thus treated yields from 
, 60 to 60 per cent, of quinine, (v an H e i j n i n g e n.) 

. De Vrij (J. Pharm. [3] 183, 369) dissolves commercial quinoidine in the 

. smallest possible quantity of alcohol, and neutralises the solution with aqueous hy- 
driodic acid ; whereupon crystals of hydriodate of quinidine, amounting to 23 per cent, 
of the quinoidine employed, soon make their appearance. 

Properties, — Quinidine separates from its hot ethereal or alcoholic solution in large 
transparent monoclinic prisms, which effloresce and become opaque when exposed to 
the air. They contain 2 at. = 10 8 per cent, water of crystallisation, which they give 
off between 110° and 130°. The anhydrous base melts at 160°, and solidifies in a 
fesinous mass on cooling. 

The composition of anhydrous quinidine is as follows : — 


C" 

H* 4 

N* 

O* 

Calculated. 

240 

24 

28 

32 

74-07 

7*41 

8*64 

9-88 

Henry and 
Delondre. 

74-44 

710 

8-68 

9 78 

ran Heijningen. 

mean. Stenhoune. 

74*08 74*04 

7*44 771 

8-55 

9*93 

C 30 H 2l K*0* 324 

100*00 

10000 

10000 


Quinidine (? crystallised) dissolves in 1500 pts. of cold and 750 pts. of boiling 
water; in 3-7 pts. of hot alcohol of ordinary strength ; in 45 pts. of absolute alcohol, and 
00 pts. of cold ether (van Heijningen). Its solution in absolute alcohol turns the 
plan© of polarisation strongly to the right; [a) = 25075° for the transition tint 
(Pasteur). This property distinguishes quinidine from quinine, whiefi is lrevo- 
rotatory. 

According to Kern or (Zeitschr. Anal. Chem. i. 162), there are three varieties of 
quinidine — viz. : a. Slightly soluble in lukewarm ether, crystallising from alcohol in 
large slowly efflorescent prisms, forming a sulphate which dissolves in 180 to 300 pts. 
of cold water. — J8. Much more soluble in ether ; crystallises from alcohol in small 
needles; sulphate soluble in 10 to 110 pts. water, the solution yielding a pulverulent 
precipitate with iodide of potassium, whereas the sulphates of all other cinchona-bases, 
except quinine, yield oleo-resinons precipitates with iodide of potassium. — 7. Still more 
soluble in ether ; the sulphate has the same solubility as that of the a modification. 

Decompositions, — 1 . Quinidine bums on platinum-foil with an aromatic odour like 
that of melilut, and partly volatilises. — 2. Quinidine-salts, when heated , are converted 
into salts of quinicine (p. 13). Chlorine-water and ammonia colour quinidine green, 
even in solutions containing only j^th of the alkaloid (Pasteur; Herapath). In 
concentrated solutions a precipitate is formed, which is not the case with quinine 
(Herapath). Chlorine -water } ferricyanide of potassium, and ammonia, added in 
succession to Balts of quinidine, produce a permanent bulky precipitate ; whilst tho 
same reagents produce, with salts of quinine, only a red coloration, which quickly 
disappears (Schwarzer, N. Jahrb. Pliarm. xxiii. 348). — Quinidine forms with iodine 
and sulphuric acid a compound corresponding to sulphate of iodoquinine (p. 25). 
—Quinidine heated for half an hour with iodide of ethyl , forms hydriodate of ethyl- 
quiiiidino. (Stenhouse.) 


Salts of Quin idine. — Quiqidine forms mono • and di-acid salts, which resemble the 
salts of quinine, but are, for the most part, more easily crystallisable. The sulphates, 
the mono-acid hydrochlorate, and the oxalate exert a powerful action on polarised 
light (Herapath). These salts are in some cases more soluble than the corresponding 
salts of qumme, so that oxalic, acetic, and tartaric acids do not precipitate soluble 
qumidine-saJta. The hydrochlorate and nitrate are more difficultly soluble. With 
excess of ac.d the salts are as highly fluorescent as those of quinine. The precipitate 
thrown dowu by ammonia in their solutions dissolves far less easily than quinine, but 
more easily thaD cinchonidine, in excess of ammonia. (ItiegeL) 

er^tals*** ® uinidine C1 7 alal ^3es from its syrupy solution in fine transparent 


V by bromide of potassium from the sulphate or 

hydrochlorate is soluble in 200 pts. water at 14°. r 



QtrmmtNB:. 4 is 

H^dtoc hlor a. tes.— The mono-acid or neutral salt, C*'H H K*0*HC1, is obtained by 
dissolving the base ill hydrochloric acid, or by precipitating a cold saturated solution 
of the sulphate with chloride of sodium, in crystals containing 1 at. water, which 
‘they give off at 120°, It dissolves easily in water and in alcohol (van Heijningen). 
The acid salt, C TO H* 4 N 2 0 2 .2HC1, is produced by exposing quinidipe to the action of 
hydrochloric acid gas, 100 pts. of the base taking up 22*52 pts. of the acid (calc. 
= 21*91 pts.). Its aqueous solution yields large fine crystals, (ran Heijningen.) 

CJdoro-aurate t C 80 H 24 N*0 3 ,2HC1.2AuCl 5 . — Pale-yellow precipitate, melting hnd 
turning brown when heated to 115°, or boiled with wadejv - (Stenhouse.) 

Cidoromercurate , C ,,!o I£ 24 N 2 C 2 .2HCl.Hg"CP. — White* f#fecipitate, separating from a 
solution in boiling alcohol in pearly laminae. It melts under boiling water ; dissolves 
slightly in cold, more easily in hot water, and especially in water contai ning v hydro- 
chloric acid, from which last solution it is occasionally deposited in the form of a resin. 
(Stenhouse.) 

Chloroplatinate, C 20 H 24 N 2 O 4 .2HCl.Pt , *Cl 4 .2H 2 O. — Precipitated immediately from cold 
concentrated solutions, in crystals after a while from hot or dilute solutions ; decom- 
poses at 200°, with an odour of white-thorn ; dissolves with difficulty in water, either 
cold or boiling; gives off 4*86 per cent, water at 100°. 

Chlorozincates — Slightly acid solutions of chloride of zinc throw down from 
alcoholic qninidine a granular powder, slightly soluble in cold and in boiling water, 
easily soluble in dilute hydrochloric acid. The easily formed solution of the precipi- 
tate in alcohol of 50 per cent, yields crystals rosembling calc-spar, and containing 26*7 
per cent, of chlorine (C TO H 24 N 2 0 2 .2HCl.Zn''Cl 2 - 26*65 per cent. Cl) ; when reciystal- 
lised, the compound gives up hydrochloric acid and chloride of zinc, and is ultimately 
transformed into large hexagonal tables and prisms. The latter contain 7*44 per cent* 
of zinc at 100°, and are, therefore, 2(C 2u H 24 N 2 U 2 .HCI).Zn"Cl a (calc. =* 7*58 per cent* 
zinc. (Stenhouse.) 

Hydriodates . — The mono-acid or neutral salt is thrown down by iodide of potas- 
sium from sulphate or hydrobromate of qninidine, as a white granular precipitate, 
which dissolves in 1250 pts. water at 15°, and separates from a boiling saturated solu- 
tion in small, white, very hard crystals (Da Vrij). The diacid salt has a pale-yel- 
low colour, and dissolves in 90 pts. water at 15°. (Be Vrij.) 

Nitrate. — Large, flat, shining crystals, (van H eijningen.) 

Argcnto-nitrate , C 20 H 24 N 2 O 2 .AgNO\ — An alcoholic solution of quinidine mixed with 
nitrate of silver solidifies to a mass of fine needles, which may be rccryst alii sod from 
boiling water containing nitric acid. It then forms fine silky needles, having a silvery 
lustre when dry. When recrystallised from alcohol, it decomposes with separation 
of silver. (Stenhouse.) 

Ol eat e. — Quinidine behaves like quinine (p. 21), with oleic acid and oIlyo oil. 
(Attfield.) 

Oxalates. — By neutralising oxalic acid with quinidine, a neutral salt , 
2C 20 H- 4 N 2 O* C 2 H 2 0 4 .H 2 0, is obtained in small brittle crystals, nearly insoluble in cold 
but freely soluble in boiling water (Stenhouse). According to van Hoijningon, on 
the other hand, the salt thus obtained is an acid salt containing (>°H 24 N 2 0 2 .C“H 2 O 4 .H 2 0. 

Pier ate. — A solution of quinidine in boiling picric acid deposits on cooling a resin, 
which does not crystallise by evaporation from solution in alcohol. (Ste nhouse.) 

The sue cinate forms pearly prisms. (Henry and Be Ion d re.) 

Sulphates. — The neutral salt, 2C w H u N 2 0 a .H*S0 4 .6H 2 0, is very much like the cor- 
responding quinine-salt, but more woolly. It dissolves at 10° in 350 pts. water, and in 
32 pts. absolute alcohol. Gives*off 12*6 per cent, water at 130° (ealc. for 6 at. — 12*84 
per cent.). 

The acid sulphate is cryitallisable and very soluble ip water, (van H eij ni ngen.) 

Sulphate of Iodoquinidine, — When a dilute solution if di-acid sulphate of quinidine 
is heated to 70° or 80° with one-thud or half its volumeofalcohol, and a little tincture 
of iodine is added, long four-sided .prisms of a deep .garnet-red colour crystallise out. 
The crystals are purple-red by reflected and dark brown-red by transmitted light, and 
polarise light like the corresponding quinine-salt (p. 26). They dissolve in 121 pts. 
of cold and 31 pts. of boiling alcohol, from which they are precipita!t|a by water in 
the form of a cinnamon-brown powder. They contain 32*76 per cent. C, 4*44 N, 
3*98 H, 6 34 SO* and 39*73 I, corresponding, according to Herapath,to the formula 
C**N t H™O i P.SO $ .HO + 6 aq. — Otbef and optically different crystals ar» obtained 
when tincture of iodine is dropped into a strong solution of di-acid sulphate of quini- 
dine mixed with 30 or 40 volumes of alcohol at a temperature below TO^^jTerapatijL 
Chem. Soc. Qu. J. xi. 139.) ' . - . 

Tanaiate of Quitii din&.—Aqn&cm quinidine forms a precipitate with 

tannic acid. - * _ £ \ — 
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Tartrate of Quinidine . — Pearly crystals, obtained in the same way M the 
oxalate (Tan Heijn ingen). The aextro- and laevo-tartratee undergo the same 
transformation as the quinine-salts when heated. (Pasteur.) - 

Tartrate of Quinidine and Potassium . — Quinidine and cream of tartar yield crystals 
soluble in alcohol. IHenry and Delon dre.) 

. (cw)" ) 

Tartrate of Quinidine and Antimony , C 0 H ai N a O*.C*H # (SbO)O* ■■ C 20 H a& N , 0 8 \ o* 

SbO j 

— 1. Mono-acid tartrate of quinidine is boiled for some hours with freshly precipitated 

oxide of antimony, and the filtrate isleft to evaporate. — 2. Powdered quinidine is added to 
a cold saturated aqueous solution M t&rtar-emetic ; the liquid is heated to boiling ; and 
the excess of quinidine, together with fhe precipitated oxide of antimony, is separated 
by filtration from the solution of Jthe double salt and neutral tartrate of potassium. 
Long slender needles, which, affcef ’drying in a vacuum, lose ^ to 1 percent, of water at 
100°. Dissolves slightly in cold, Easily in hot water, and easily also in boiling alcohol, 
from which it crystallises. (Stenhouse.) 

Btbylqoinldine, C«H“N a O a « C w H w (C a H‘)N a 0 8 .— flot known in the free state. 
The hydriodate , C* 2 H aB N 2 0 2 .HI, is obtained by heating quinidine with excess of ethylie 
iodide, and crystallises from boiling dilute alcohol in long silky needles, nearly insolu- 
ble in water. On removing the iodine by oxide of silver, and filtering, a bitter alkaline 
solution is obtained, which absorbs carbonic acid but yields no crystals. On decomposing 
the hydriodate with chloride of silver, and treating the filtrate with platinic chloride, 
cfdoroplatinate of etkylmcinidine , C“H a *N 2 0 2 .2HCl.Pt iT Cl 4 , is precipitated as a pale- 
yellow powder, which dissolves very slightly in water either hot or cold, more freely 
m hot dilute hydrochloric acid. (Stenhouse, Ann. Ch. Pharm. cxxix 20.) 

Sulphate of lodcthylqiiinidine is obtained in the same manner as the corresponding 
quinine-compound. (Herapath, p. 26.) 

QVIiriNB. C 80 H 2l N 2 O 2 . Chinin. The cinchona resin of the older chemists. — 
The memoirs cited under Cinchonine (i. 973) relate also to quinine; see alsoPasteur 
(Compfc. rend, xxxvi. 26; xxxvii. 110, 162; Jahresb. 1853, p. 419; Schiitzenberger 
(Ann. Ch. Pharm. cviii. 347, 350; Jahresb. 1868, p. 869).— On quinine alone: Robi- 
quet (Ann, Ch. Phys. [2], xvii. 316); Stratifcgh (Kepert. Pharm. xv. 139); 
Pelletier (J. Pharm. xi. 249); Dufl os (Berz. Jahresb. xxvii. 1, 110): Strecker 
(Ann. Ch. Pharm. xci. 165 ; Jahresb. 1854, p. 505). 

This alkaloid, the most important constituent of the true cinchona-barks, on account 
of its tonic and antifebrile properties, was first obtained, but in an impure state, by 
Gomez of Lisbon, and by Pfaff in 1811 ; Pelletier and Caventou, in 1820, succeeded 
in separating it from the other constituents of the bark, and examined many of its pro- 
perties; and its composition was established by Liebig in 1838. 

The proportions of quinine and of the other alkaloids in various kinds of cinchona- 
barks, as determined by different analysts, have already been given in the article 
Cinchona-barks (i. 970). The following table exhibits the average results of the 
several determinations of the quantities of quinine and cinchonine: — 

1. Brown or Grey barks: 

Huanoco 

Loxa . 

Pseudoloxa . 

, , Huamalies . 

,Jaen pallida 

2. Yellow or Orange barks: 

Royal or Calisaya bark. • 

a. plana . . 2*2 per cent, quinine, 0*28 her cent, cinchonine. 

b. convoluta . 11 » *0*42 

Cinchona Jlava fibrosa 106 „ . . 0*83 *[ 

Cinchona flam dura 0*54 .. 0*48 * 

• • 1«8 ” '■ 0*90 I! 

3. Red bark: 

Cinchona rubra . 0*91 per cent, quinine, 1*05 per cent cinchonine. 

According toM‘Ivor, a covering of mow on the bark during its growth increases the 
percentage or the alkaloids ; and this observation has been confirmed by Do Vrii. who 
found in ? ,o»ng bark covered with moss, 8-4 per cent, of .lk.Hds 

_Tho extraction of quinine and cinchonine from cinchona-barks, by treating the baric 
wrth a dUutcacid, and, precipitating with lime or- carbonate of sodium, has been 
already described under CnrcHownn (i. 973) ; also the usual mM. 0 j se parating the 
two, depending: «. On the greater solubility of sulfate of cinchonine inwator and 


0'4 per cent quinine, 1’7 per cent cinchonine. 
0-36 „ 0-34 „ 

036 „ 0-68 „ 

03 „ 0-8 

056 „ 0-60 
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thegreater facility of eiyutallisation of the quinine -salt. — 0. On thd greeter solubility 
of quihinein cold alcohol, and in ether, Thiboumery (J. Pharm. [3] xvi. 869) 
extracts the alkaloids from the lime-precipitate with oil of turpentine or coal-oil, 

• instead of alcohol $ Herring uses benzene for the same purpose. These liquids dissolve 
the quinine, with voxy little cinchonine, and give it np again to d&ite acids : they have 
thead vantage of taking up less of the colouring-matter than alctftol does. When the 
alkaloids have been precipitated by carbonate of sodium, hot fatty oils may also be used 
for the extraction. [For other methods, see Gindin's Handbook, xvii. 266. For the 
quantitative estimation of the alkaloids, in cinchona-barks, see the same work, xvii. 
268 ; also this Dictionary, i. 968.] > . ■ 

Properties . — Quinine is precipitated by an allcfch fjrom the solutions of its salts, as a 
white curdy hydrate, porous and friable whefr dry/ Agglutinating when heated. By 
fusion in a vacuum, or by prolonged heating to 120°/ it may be deprived of its combined 
water, leaving a white opaque mass, whim Has a Crystalline surface and concentrio 
radiated fracture, becomes strongly negatively electric when rubbed, and melts to a 
transparent liquid at a higher temperature. 

Quinine is permanent in the air, inodorous, very bitter, and antifebrile. According 
to Bo bin (Compt. rend, xxxii. 650), it prevents putrefaction. It restores the blue 
colour of reddened litmus. In alcoholic solution it exerts a left-handed action on 
polarised light: [«] — — 141*33° at 25° for the red ray (De Vrij and Alluard, 
J. Pharm. [3] xlvi. 192) ; -* — 121*5° at 22*5° and — 129*56° at 16°, weaker therefore 
in warm than in cold solutions. Acids increase the rotatory power ; ammonia restores 
it to its original amqpnt ('Bouchard at, Ann. Ch. Phys. [3] ix. 213). For solutions 
of quinine in acetic or sulphuric acid, [o] ■* 287*16° at 24° for the transition-tint ; 
therefore 220*15° for the red ray. (De Vrij and Alluard.) 

The composition of anhydrous quinine is as follows : 



Calculation. and Dumai. Regnault. Liebig. 


C» * ♦ 

240 

74*07 

76*02 

73 38 

74*09 

H« . . 

24 

7‘41 

6*66 

7*65 

7*67 

N* . ■ . 

28 

8*64 

8*45 

8 55 


O 8 . 

82 

9*8* 

9*87 

10*42 


C 5u H t ‘N 8 0* 

324 

10000 

• 100*00 

100*00 



Laurent. Strecker. 
73*41 74*05 

710 JT-50 


Pelletier and Dumas gave the formula CT*H l0 N(? ; Begnault C ,,, 22 r8 *SPO < ; Laurent 
or C w H**N*0*. The correct formula was deduced from Liebig’s analyses. 

Quinine forms two hydrates, containing respectively onq and three atoms of 
water. 

o. Trihydrate , C^H^N'O 8 . 3H 3 0. — This is the ordinary hydrate obtained by precipi- 
tation. When a dilute solution of quinine-sulphate mixed with excess of ammonia is 
left to evaporate, slender needles, consisting of the same hydrate, gradually form on 
the surface; when dried, however, they present the appearance of an amorphous 
powder. A solution of quinine in absolute alcohol leaves on spontaneous evaporation 
a resinous mass, containing a few needles of the trihydrate, but it does not crystallise 
readily from alcohol; the ethereal solution of quinine leaves nothing hut a resinous 


0. Mono-hydrate , C^H^NKP.HK). — When the amorphous trihydrate freshly precipi* 
tated and washed is exposed to the air and frequently moistened, it is slowly trans- 
formed into crystals of the mono-hydrate, which dissolve in warm alcohol, 
again on eooling, and give up their water at 130° (Van Heijningen, J ahrera^f$49, 
p. 374). This hydrate constitute# Van Heijningen's y -quinine. It dissolve#* less 
easily than ordinary quinine in alcohol, and is said to form a neutral sulphate different 
from the ordinary scut. De Vrij (&> Jahrb. Pharm. xiv. 268) did not Succeed in 
preparing it. 

Quinine dissolves in 364 pts. of cold pater (Du floe) ; in 480 pis. . water at 18*75°. 
(Abl); in 200 pts. of boiling water (Pelletier and Oaventou); 267 pts. (Dufies). 
It is very soluble ii^aleohol, and dissolves in ether, much more easily than cinchonine. 
It dissolves also ik volatile oils, freed o$s, and ehlorq/orm, It is not quits insoluble ^ 
aqueous alkalis, especially when recently precipitated from its salts. Acoosrdiflg to, 
Dufloe, however, it is precipitated from aqueous solution by alkalis and cdkaliftecarbo- 
nates, so that the presence of adds probably influences its solubilily. _ It dissolves w 
2,146 pts. of lime-water. (Calvert.) * • ; 

Peoompositions. — 1. Quinine when strongly heated in the sir towm - . ,. ; . s 

with flame, .evolving an aromatic odoorvend leaves a bulky swfly combustlblec^_^_ 
— 2. Solutions of quinine-ealte tum brown in s uns hin e , — violently acted- 
upon by the electric <mrr«t/(JExl^#iwetsand B ochJLe d er)/-HLlwlt% aqueous 
tffv t o s tiu m , sulphate of sndis 



ar QuiNura. 

(8 ch a t zienber ger, iv.320).«— ft. A solution of quinine in Btfohg nitric acid beoomftai 
coloured on heating (Siegel), without forming picric acid (Liebig).—**. *A solution 
ia oil of vitriol immediately colours chromate 0 / potassium dark-green, with evolution 
of gas (Ri egel and Eboli), — 7. Permanganate of potassium acts upon quinine in the 4 
cola, and more completely at boiling heat, forming carbonate and nitrate of potassium, 
and a peculiar acid (Cloez and Guignet, Compfc. rend, xl rii vTJft ); — $.*Peroxidc bf- 
Uetd colours a solution of quinine in sulphuric acid grey-broW|& R i e go 1). * When a 
solution of quinine-sulphate is boiled with peroxide of lead,, and - dilute sulphuric acid 
is gradually dropt into it, a red substance called quinetifl, partly soluble in water, 
is produced. (Marchand, p. 9.) 

ft. In contact with zinc and dilute sulphuric acid, quinine takes up 1 at. of water, 
and is converted into hydroquinine, C^H^N^O 8 (Schiitzenberger). — 10. When 
heated to 240° or 260° with water in a sealed tube, it forms chinoline. (Reynoso* 
Compt. rend. xxiv. 795.) * 

11. The solution of quinine in oil of vitriol acquires a yellowish- brown colour when 
heated (Riegel);/«wm^ sulphuric acid colours quinine yellowish-green (Schlieken- , 
kamp), forming quinine-sulphuric acid (Schiitzenber gar) . —Salts of quinine 
heated alone, or with sulphuric acid and water, are converted lhto salts of quinicine 
(p. IS 1 , Pasteur). 

12. Quinine assumes a dirty-yellow colour in vapour of iodine (Donne). When 
triturated with iodine, it forms a brown compound, which appears to be identical with 
the precipitate formed on adding a solution of iodine in iodide of potassium to a 
quinino-sa.lt. Quinine is decomposed by aqueous periodic acid , with liberation of 
iodine (Bodeker). When quinine, or its sulphate, is warmed with an equal quantity 
of iodic acid, an explosive evolution of gas takes place. (Brett, J. Pharm. [3] xxvii. 
116.) 

13. Quinine, sulphuric acid, and iodine together yield sulphate of iodoqumine (p. 25). 

14. Quinine exposed to a current of dry chlorine, takes up a large quantity of .the 
gas; according to Andr6, it assumes a carmine-red colour in a few* seconds-* and 
becomes soluble in water; but according to Pasteur, it turns greenish, and then 
gives up to boiling or cold water only a small quantity of a substance having an acid 
reaction, whilst the remainder behaves like the body formed by the action of chlorine 
on quinine suspended in water. Quinine suspended in water is reddened by chlorine 
(An dr 6 and Pelletier). A solution of- quinine in 400 pts. of water, acidulated 
With sulphuric acid, is not coloured or rendered turbid on passing chlorine into it for 
ten minutes. (Lepage, J. Pharm. xxvi. 140.) 

- When chlorine-water and then ammonia are added to a solution of a quinine-salt, a 
green precipitate is produced, which is dissolved by more ammonia to a fine em'erald- 
green liquid. Exact neutralisation of the liquid colours it a sky-blue, changing to violet 
or fiery-red on further addition of acid ; ammonia restores the green colour ( A n d r 6, 
J. Pharm. xxii. 132). In this way [especially by employing an ethereal solution 
(Leers)] mere traces of quinine may be recognised; quinidine, however, exhibits the 
same reaction. 

The green colour is not produced by other alkalis instead of ammonia. It is not 
produced when the chlorine-water is allowed to act too long, nor with all proportions^ 
chlorine-water and ammonia ; since with too little chlorine-water, ammonia throtfs 
down a greenish-white precipitate, and with too much it produces a yellow coloration 
(Braudes), Reddish-green or brown colours may also be produced. (AndrS.) 

When 200 grains of sulphate of quinine are dissolved in 80 ounces of chlorine-water, 
and the solution is mixed at once with 1 0 ounces of ammonia-water, a green precipitate 
is produced, amounting to about 60 grains, whilst the liquid remains of a deep-green 
colour. The precipitate is Brandes and Leber’s dalleiochine : the colouring-matter of 
tho solution is not removed by agitation with ether, nor in an unchanged state by 
other means, but splits up on evaporation into red rusiochine, soluble in alcohol, ana 
dark-brown melanockine, insoluble in water and alcohol. (See Gindin's Handbook, 
xrii. 272.) 

1ft. When strong chlorine- water free from hydrochloric acid ispoufed into q concen- 
teated solution of sulphate of quinine, till the liquid exhibits a faint yellowish colour, 
and finely pulverised ferrocyanidt of potassium is then added till the colour changes 
tp light rose-red, this tint gradually changes to dark-red, especially on addition of a 
lfetgfir quantity of the ferroeyanide. The red colour is not due to the formation of any 
cyanogen-compound, for it may be equally well-produced by means of baiytaor lime- 
Water,or of sodieborate or phosphate. (A. Vogel.) 

^ 16. «When quinine is heated with strong potashdev, hydrogen Is evolved, chinoline 
(u 869) distils over, and tho residue appears to contain formic acid. (Gerhard t and 
Wertheim.) , .^y': . . v y 

-J7. With iodtititf methyl and iodide of ethyl, Sydriodi^ of n>Mhjl- or 



ethyl- quinine (p. 25). With chloride of oosfo? ati& chforide qf benzoyl it yields the 
hyarocnlorates of acetyl and benzoyl-quinine (p. 26). 

QuiiilneHNUtft' — Quinine neutralises acids completely, forming mono-odd or 
* neutral and di-acid salts. The salts are, for the most part, more easily crystallisable 
and less soluble in water than the salts of cinchonine. They hare a strong bitter 
taste, and frequenfclj^exhibit a pearly or silky lustre. They are precipitated by alkali* 
and their carbonates , tjjy the hydrates of calcium and magnesium, and by ammonia and 
carbonate of ammonm, bydrate of quinine being thrown down in white flocks. The 
precipitate produced by potash, ammonia, or carbonate of potassium is pulverulent, 
and not crystalline or soluble, to any groat extent, even in excess of the precipitant; 
the sulphate alone yields a precipitate easily soluble in excess of ammonia (v. 
PI ant a). Cyanide of potassium colours quinine-salts carmine-red (Schwabe). 
J/ime -water added in excess to quinine-salts^ redissolves the precipitate formed at first. 
Solutions of quinine-salts containing excess of acid are highly fluorescent 

jLoejate of Quinine , C** 0 H ,u N*O*.C*fl 4 O , ) crystallises in long needles, which melt 
to a colourless glass* It gives off 1 acetic acid at the heat of the water-bath, is slightly 
soluble in cold, very softtble in boiling water. (Kegn *€&<£) 

The arsenate forms needle-shaped prisms resembling the phosphate, bat less 
pearly. 

The aspartate forms indistinct crystals, easily soluble in water. 

Borate. — A hot solution of quinine in aqueous boric acid yields crystalline granules 
on cooling ; by spontaneous evaporation with an excess of boric acid, a varnish is 
obtained. 

Carbonate , C a °H 2l N 2 0 2 .H 2 C0*.H 9 0. — This salt is not formed by precipitation ; but 
when quinine precipitated from the sulphate by ammonia is suspended in water, 
and carbonic acid is passed into the solution till the quinine dissolves completely, 
an alkaline liquid is obtained, from which crystals of carbonate of quinine are 
deposited on exposure to the air for twenty-four hours. By spontaneous evaporation 
of the mother-liquor, quinine is obtained free from carbonic acid. The carbonate forms 
translucent needles, having an alkaline reaction, efflorescing rapidly in the air, and 
decomposing at 1 10°, with liberation of carbonic acid ; they are solublo in alcohol, but 
insoluble in other. (Langlois, Ann. Ch. PhyB. [3] xli. 89.) 

The chlorate, formed by dissolving quinine in warm aqueous chloric acid, crys- 
tallises in tufts of slender needles, melting to a colourless liquid, which solidifies taa s 
transparent varnish ; it explodes when strongly heated. (Serullas. Ann. Ch. Phys. 
[2] xlv. 279.) 

Chromates. — The neutral salt, 2C£ , N 2 H Sf O* CrO 1 , is precipitated from an aquoous 
solution of neutral or acid sulphate of quinine by neutral chromate of potassium, in 
the absence of free acids, ana is slowly deposited in tufts of shining golden-yellow 
needles, not affected by light, but assuming a green colour when heated above 92°. It 
dissolves in 2,400 pts, of water at 16°, on 160 pts. of boiling water; in alcohol, but 
not in other. (An dr A) 

The acid chromate, C 2, H 2< N 7 0*.Cr0 B .8H 2 0, is thrown down by acid chromate of 
potassium from a cold aqueous solution of sulphate of quinine containing sulphuric acid, 
as an orange-yellow precipitate, consisting of microscopic' needles. It decomposes 
rapidly in the light, turns brown at 60® or 66°, or when boiled with water, evolvigig 
oxygen. More soluble than the neutral salt. (Andr4, J, Pharm. [3] xli. 341.) 

The citrate , 2C a# H 2i N*0*.C # H*P T , is a sparingly soluble salt, crystallising ini 
delicate needles. 


Croconate and Rhoditonate of Quinine are deep yellow or red amorphous 
masses, soluble in. water and alcohol (He Her).'-— The cyanurate is a white amorphous 
mass (Elderhorst).— 1 The formate crystallises easily in needles resembling the sul- 
phate. (L. L. Bonaparte, J. Chim. m6& xviii. 680.) 


Gall ate . — Gallic acid and alkaline gallatefi form precipitates with salts of 
quinine, provided the solutions are sot too dilute. The precipitate dissolves in boiling 
water, the liquid becoming milky and yielding an opaque deposit on cooling. Gall at* 
of quinine is soluble in alcohol and in excess of acid (Pelletier and 
According to Ffaff and Henry, gallic acid and alkaline gallates, when free, from tanpjg* 
do not precipitate quinine-salts. • 

Rydriodate of Quinine, C^H^N^.HI, is obtained by direct union of fba 
acid and base, or .by double decomposition, in nodular groups of deKcate^c— 1 -* t - 
(Pelletier), lemon-yellow prisms (He rap at h). A solution of sulphate of 
boiling water, mixed with an equivalent quantity of iodideof .potar** 2 **^' " Sa14 “ 
nothing but crystals of stdphateofquiaine ; but when 240 pts.ofh 

.. C% . ■ 



throws down froth acetate or hydrochlorat© of quinine, a heavy white powder, 
which rune into drops (v. PI ant a). The hjdriodate melts to a resin over the water- 
bath. It dissolves in water more freely than the sulphate ; in nearly all proportions in 
alcohol, and in ether (Winckler, Jajufb. pr. Pharm. xx. 321). From a solution con- 
taining excess of hydriodic acid, an add hjdriodate, C*°]I 2< N 2 O a .2HI. 511*0, separates, 
accor di ng to Regnault, in large laminae having a fine yellow colour and strong acid 
reaction. > • . • 

By mining add sulphate of quinine with solution of iodide of potassium. High ini 
$*(J. Chim. m&i xiii. 116), obtained a red powder, containing, according to his analysis, 
00 per cent, of quinine, 30 of hydriodic acid, and 20 of iodine, being a mixture of 
hyd riodate of quinine and iodoquinine. According to Reignier (ibid. 119), on dis- 
solving this precipitate in alcohol, and evaporating the solution, transparent four- 
sided prisms are obtained, which turn dull and brown-red in the air. 

JXydrochlorales. — The neutral salt, 2(C 29 H 24 N a O a .HCl).3H z O, is easily obtained 
by dissolving quinine in a slight excess of warm dilute hydrochloric acid, and separates 
on cooling in long silky fibres. It may also be prepared by precipitating sulphate of 
quinine with chloride of barium, but the salt thus formed Soon turns resinous in 
presence of an excess of hydrochloric acid (Winckler). At 140° in a current of dry 
air it gives off 1 7*105 per cent, water of crystallisation. An acidity dr ochlor ate separates 
from a solution of quinine in a large excess of hydrochloric acid ; bnt on redissolving it 
in water, the solution deposits the greater part of the quinine as neutral hydro- 
chlorate. 

The neutral hydrochlorate forms yellow precipitates with auric and iridic chlorides . 
— The chloromercurate , C M H a4 N 2 0* 2HCLBg"Cl a , is obtained as a granulo-cryst allin© 
precipitate, by dissolving equal parts of quinine and mercuric chloride in strong 
alcohol, and mixing the liquids after adding a little hydrochloric acid to the quinine- 
solution. If weak alcohol is used, the precipitate forms more quickly, but is less crystal- 
' line. It is very slightly soluble in water, cold alcohol, and ether. — The chloroplatinatc, 
C'*H 2l N a 0 2 .2HCl.Pt lT Cl 4 .H 2 0, is obtained by adding platinic chloride to a solution of 
quinine in a slight excess of hydrochloric acid, as a yellowish fiocculent precipitate which 
on agitation becomes orange-coloured and crystalline,' sinking to the bottom of the 
vessel and attaching itself to the sides. It does not give off any water at 100°, but 
the whole, equal to 2*37 per cent. (1 at.), at 140°. ((ferhardt.) 

Hydro cyan ate. — Quinine triturated and agitated with aqueous hydrocyanic add 
dissolves to a yellow liquid. 

Cyanoplatinates. — A solution of quinine-sulphate precipitated with platinocya- 
nide of potassium yields the salt C ao H a4 N a O a .2HCy.Pt''Cy 2 .H a O, and with platinid- 
cyanide of potassium, the sttltC*°H 24 N 2 0*.2HCy.Pt lT Cy 4 (Wertheim, Ann. Ch. Pharm. 
Ixxiii. 210) — According to Schwarzenbach (Pharm. Viertelj. viii. 210), platinocya- 
nide of potassium throws down : — «. From a solution of quinine in aqueous acetic acid, 
a white precipitate of the salt, 3C“H zl N 2 O z .2HOy.Pt"Cy 2 , partly converted into needles 
on standing.— fi. From a solution of quinine in a moderate excess of sulphuric add, a 
bulky white precipitate, which when left at rest is transformed into tabular crystals 
containing 2(C J0 H 94 N*O 2 .2HCy.Pt'Cy 2 )H 2 O, warty groups of needles consisting of 
C w H ,4 N i O a .2HCyPt"Cy*.H a O, and a resin having the same composition. 

Ilydroferricyanate of Quinine, 2(C a *H a4 N 8 0 a .H*Fe'*Cy , )3H-0, is predpitated by a 
cjlbcantrated aqueous solution of ferricyanide of potassium from a strong aqueous solu- 
tion of hydrochlorate of quinine containing a little free hydrochloric* acid in golden- 
yellow crystalline laminae, which after drying resembles mosaic gold. The salt does 
not lose weight at 100°; dissolves easily in water, and deposits a bine powder on 
evaporating the solution (Dollfus, Ann. Oh. Pharm. lxv.224). — The hydroferrocyanate, 
C^ll a4 N 9 O a .JI 4 Fe , 'Cy i .2H a O, is an orange-yellow crystalline predpitate, obtained on 
mixing the alcoholic solutions of quinine and hydroferrocyanic acid. 

, Hypophosphite, C’^H^b^OMPPO*. — To prepare this salt, 100 pts. of sulphate of 
quinine are heated to 94° with 6,000 pts. of water apd 88*7 pts. of hypophosphorous 
acid ; a quantity of hypophosphite of barium, barely snffident for the complete decom- 


btown at 160°, with Toss of water ; dissolves in 60 pts. of water at 16*5°, and move 
easily in boiling water. (L, Smith, Zdtsehr. Ch. Pharm. i. 169.) 

Hyposulphite of Quinine , C**H* 4 N*0*.H 2 S*0 s (at 100°), is obtained by ad din g 
hyposulphite of sodium to a solution of bydrochlorate of quinine, as a fiocculent 
/j&ecfoitate sparingly soluble in cold water. It crystallises from hot alcohol in fine 
Heedlea containing 1 at. water, which they give off at 100°, yielding h powder, 
toongly elecrric when hot.— Hypbeulp hate .— Deposited in crystals from a hot 




solution of sulphate of quinine mixed with ^ijposulphate of hariam. rWetherilL 
Ann.-Ch. Pharm. lxri. 160 ; How, Ed. N. Phfl. f. [2], i. 47.) 

Jo date a . — The neutral salt crystallised in moderately soluble silky needles; the 
acid salt is a sparingly soluble precipitate. (Se$ullas.) 

Lactate of Quinine crystallises by spontaneous evaporation, in flat silky needles 
resembling thp neutral sulphate, but more soluble. It is said to be efficacious in the 
treatment of intermittent fever. (L. L. Bonaparte.) 

Mellitate . — Alcoholic quinine produces, with solution of mellitic acid, an abun- 
dant white precipitate, which becomes pearly and crystalline when washed with weak 
aleohoL It does not lose water at 100 Q , but evolves a little water and ammonia at 
130°, turning sulphur-yellow; dissolves very slightly in cold, and somewhat more 
freely in hot water, from which it is deposited as a crystalline powder on cooling* 
(Karmrodt, Ann. Ch. Pharm. Ixxxi. 170.) 

Morintannate . — Pale-yellow precipitate, slightly soluble in water! easily in 
alcohol. *\ 

Nitrate , C® > H* l N*O a .HN"0*. — An aqueous solution deposits on evaporation oily 
drops, which turn waxy, and when kept under water for many days are transformed 
into very oblique rhombic prisms (Pelletier and Caventou). Crystals are obtained 
only by evaporating the excess of acid, and dissolving the residue in water (van 
Heijningen). — When neutral sulphate of quinine is decomposed by nitrate of 
barium, and the filtrate is allowed to evaporate spontaneously, large transparent 
prisms separate, which give off 4'2 per cent, of water at 100° (1 at. 4*4 per cent.) 
(Strec ker). — Argento-nitrate. Alcoholic nitrate of silver throws down, from alcoholic 
solution of quinine, a crystalline precipitate containing 1 at. silver-oxide to 1 at. 
quinine. (Strecker.) 

Ole ate. — Quinine is nearly insoluble in olive-oil, and does not saponify when heated 
with fo When I pt. of quinine is digested with 2 pts. of oleic acid for one to two 
hours at 100°, a soLutiou miscible with fat oil is obtained (Attfield, Pharm. J. 
Trans. 1863, pp. 4, 388). By the action of quinine on olive-oil or margaric acid. 
Tripier (J. Pharm. [8], xlvi. 234) obtained soaps miscible in all proportions with 
oils and fats. The very viscid " Oleomargarate de Quinine ” thus formed ultimately 
crystallises by slow cooling in shining globules. 

Oxalates. — The neutral salt , 2C 2B H 24 N Z 0 2 .C 2 H*0 4 (at 125°), is obtained by precipi- 
tating a cold solution of the acetate with oxalate of ammonium, washing the preci- 
pitate with a little cold water, and recrystallising from boiling alcohol, which deposits 
it on cooling in very fine needles. — The acid salt forms needles very soluble in water. 

Ter chlorate , C^H* 4 N 2 0 2 .HC10 4 .7H 2 0. — When sulphate of quinine is precipitated 
by perchlorate of barium, and the filtrate is evaporated, yellowish oily drops are 
deposited, which redissolve on gently warming the liquid, and afterwards separate in * 
crystals on cooling. By concentration, the mother- liquor yields a further quantity of 
oil, which solidifies in contact with a crystal. — According to Bodeker, the salt forms 
striated prisms, exhibiting a faint dichroi’sm of blue and yellow; according to Dauber 
(Ann. Ch. Pharm. Ixxi. 65), it forms truncuted rhombic octahedrons, cleavable parallel 
to the end-face. P : P basal — 149° 46' ; macrodiagonal ** 80° 30' ; brachy diagonal 
= 107° 32'. The crystals melts at 45°, and likewise at a moderate temperature oxer 
oil of vitriol ; and the fused salt solidifies on cooling to a clear brittle mass, which loKs 
14*3 per cent, of water at 110°, puffs up strongly at 160°, and solidifies again at 160°, 
having then lost 18*63 per cent, of water. On further heating, a violent explosion 
occurs, accompanied by name. — Aqueous solutions of a certain strength yield highly 
lustrous, dichroio, rhombic tables, which melt to an oil under water, but only ' 
at 210° when heated alone, losing 6*5 per cent, of water' (2 at. — 6*4 per cent.). 
(Bodeker.) 

Periodate , C M H* 4 N f 0 1 .HI0*. — Freshly precipitated quinine neutralises aqueous 
periodic acid but incompletely in the cola, and on warming the liquid, iodic acid is 
formed. When the add solution is evaporated over oil of vitriol, it becomes covered 
with oily drops, which are converted into crystals as the evaporation proceeds. The 
periodic acid contained in the crystals is reduced on keeping for a short tune, the crystals 
acquiring a yellow colour. On neutralising the alcoholic solution, and evaporating at 
30° to 40°, roundish masses of needles are obtained. They dissolve easily in waiter 
containing nitric acid, but with difficulty in pure water, and after drying at 40° retain 
0 ah, and at 100°, 6 at water. (Langlois, Ann. Ch. Fhys. [3], xxxi* 274.) 

Phosphates. — Quinine dissolves easily in warm aqueous phosphoric add, and the 
solution on cooling yields a pulpy mass of needle-shaped crystals. A more dilute 
solution deposits radiated Jpoup* of vary thin alky needle*, perfectly neutral to 
paper* They give off 7*67 to per cent, water at 120° r and probably consist of 



--(JljiKa^MOJik- Aim. Oh. Pham, lxvi 69), Of, adeoiding io 
Gerhard t ( Trmti, it, 118), of 2C M H ,< N*0* PH*0 4 .2H*0.— A hot notation of sulphate 
or hydrochlorato of quinine mixed with a slight excess of sodic phosphate, deposits on 
cooling a white crystalline mass, very slightly soluble in water. (Winckler.) 

A pyrophosphate of quinine is obtained by precipitating the hydrochlorate with sodic 
pyrophosphate. 

Picrate . — Obtained by precipitation as a yellow powder, very slightly soluble in 
water, freely in alcohol. When boiled in water, it melts and floats on the surface in 
oily drops (L. L. Bonaparte). According to Carey Lea (SilL Am. J. [2] xxvi. 379), 
it crystallises from the alcoholic solution in yellow needles ; according to L. Bonaparte, 
the alcoholic solution does not yield any crystals. 

Quinate of Quinine occurs in cinchona-barks (Henry and Plisson). A 
Solution of sulphate of quinine mixed with quinate of barium deposits the salt usually 
in mammellated crusts, having a horny appearance at the edges, sometimes, however, 
in needles. It dissolves in 3*5 pts. water at 110°, and in 8 pts. of alcohol of 88 per 
cent. (Baup.) 

Succinate of Quinine forms pearly prisms. 

Sulphates of Quinine. — a. Neutral salt, 2C 40 H 5M N*O*.H 2 SO 4 , commonly but im- 
properly called Basic sulphate of quinine. This salt is produced by neutralising 
quinine with dilute sulphuric acid, a few drops of alkali added to the solution quickly 
determining the crystallisation (boo also p. 16). It crystallises in scales, or in long 
slightly flexible needles, haring a nacreous aspect The crystals are monoclinic, ex- 
hibiting the combination oP . ooPoo . [ooPoo]. Angle oP. [ooPoo] = 95° 60'; 
a-Poo : [ ooPoo ] — 90°. They are often hemitropic. Cleavage distinct, parallel to 
nP and ooP. The salt is as light as magnesia, has a bitter taste, and effloresces quickly 
on exposure to the air. 

The sulphate dried in the air at 8° to 15°, or over oil of vitrol diluted with 3*2 to 
8‘6 its volume of wator, has the composition 2(2C 2o H* l N 2 0 , .H a S0 4 ).15H a O; the moist 
salt loses its excess of water when placed over acid of this strength, whilst the air- 
dried salt does not alter in weight. When heated to 110° to 120°, it loses the whole 
of its water of crystallisation, but rapidly absorbs 4*87 to 6*1 per cent, again on ex- 
posure to moist air (4 at. « 4*82 per cent.) (J obst and Hesse) ; the same quantity 
of water is retained by the salt dried over oil of vitriol [or in dry air (Baup)]. A 
solution of 1 pt. of the air-dried salt in 40 pts. or mere of alcohol of Bpeciflc gravity 
0*862, deposits on evaporation white needles, containing 4 at. water. (Jobst and 
Hesse, Ann. Ch. Pharm. cxix. 361.) 

Commercial sulphate of quinine contains quantities of water varying between 61 and 
13*3 per cent. (Mi lion and Comaille). It usually appears half- effloresced, but 
still contains 15*6 per cent, of water. (Guibourt.) 

The anhydrous salt dissolves in 793 pts. water at 6°, and in 788 pts. at 9'6 (Jobst 
and Hesse). Ono part of the salt [crystallised or dry?] dissolves in 265 pts. of cold, 
and in 24 pts. of boiling water (Bussy and Guibourt) ; in 335 pts. cold, and 33*6 
pte. boiling (Howard) ; in 720° pts. at 18*75° (Abl) ; in 740 pts. at 13°, and in 30 
pts. at 100° (Baup); in 740 pts. at 10° (van Heijningen; Cap and Garot). The 
commercial salt dissolves in 738 to 770 pts. of water at 12° to 16° (Kerner). It 
dissolves very sparingly in a cold .sat urated solution of Glauber’s salt, and scarcely at 
all in Koch ell e salt, so that the solution is scarcely clouded by ammonia, or coloured, 
by chlorine-water and ammonia (Mann). The solubility of sulphate of quinine in 
urnter is reduced by sulphate of eodinin and sulphate of magnesium, but increased by 
sal-ammoniac, saltpetre, and chlorate of potassium. (Cal loud.) 

One part of anhydrous sulphate of quinine dissolves in 100 to 116 pts. of alcohol of 
specific gravity 0-8o2 ; the strength of the alcohol, however, is altered by the salt dis- 
88e L 0ne P rt of thtl salt [crystallised, or dry?] dissolve# 

0f T c, . fiu « rav,t y ?' 86 (Baup) ; in 60 pt#. of eold alcohol of 
21 (Belondre and Henry) ; in 40 pts. of alcohol (Cap and Garot) ; in 7 6 pts. of 
I?' 1 "** "J^ol °f 90 cect - (Bussy and Guibourt), from which it is deposited 
cooling. Sulplmte of quinine dissolves in 40 pts. of glycerin” but 

fi^'and^lowlvin ^ mM° d - Sar0t ’m Jt dis8olT£ * abundantly in oreosote at 

(Sc'h! import.) * p,cainw (Beichenbach). It ie insoluble in chloroform. 

The solution of quinine-Bulphate ip water acidulated with sulphuric acid tuns the 

Fir 1^rTT n °k 5 raj * tTOB fo «>• ^ For the EnsEtot 

v and 210-87° for the sulphate with 16-72 per 

wnt, water (Be V>ij and Alluard, Compt. rend. lix. 201). I ‘he same w»lnri«pi 
l blue fluorescence. (See Light, iii, 633«) 

. Sulphate of quinine becomes luminous at 100°; the Dhosohoreseeuce is lib»iM 



produced by friction, the rubbing body becoming charged at the totem time with 
negative electricity very sensible to the electroscope. The salt melts easily, forming a 
liquid like melted wax. At a higher temperature it assumes a fine red colour,and 
'ultimately burns and carbonises. 

Impurities and Adulterations of Sulphate of Quinine. — Sulphate of quinine may be 
intentionally adulterated, either with inorganic substances (such as sulphate or carbo- 
nate of calcium or magnesium), the presence of which is detected on heating, or with 
organic substances. Of the latter class of bodies starch-powder and stearin are recog- 
nised by their insolubility in acidulated water, and gum by its insolubility in alcohol; 
salicin, phlorizin, and cane-sugar assume a red or brown colour with oil of vitriol ; the 
other varieties of sugar, as well as other substances soluble in water, remain in solution 
on boiling the sulphate with baryta-water, passing carbonic acid into the liquid, and 
filtering, and may be recognised on evaporating the solution. The pure sulphate thus 
treated leaves only a slight residue, corresponding to the solubility of the salt in 
water. 

Since cinchonine and cinchonidine exist, together with quinine, in cinchona-barks, 
the sulphates of those bases may occur as impurities in sulphate of quinine. They 
may be recognised by the following quinine-test of Liebig: — 10 grains of the sulphate 
to be tested are warmed with 10 drops of dilute sulphuric acid and 16 drops of water 
in a test-tube; the solution is cooled; 60 drops of commercial ether and 20 drops of 
ammonia-water are added; the whole is shaken; and the tube stopped. If the quinine 
is free from cinchonine, and does not contain more than 10 per cent, of quinidine, the 
whole remains in solution ; but if cinchonine is present, it is deposited as a white 
pulverulent layer between the ether and the water, as is also the case with cincho- 
nidine when present in large quantity. Smaller portions of cinchonidine crystallise 
from the ether on standing for a short time, and Btill smaller quantities, when ether 
saturated with cinchonidine is employed in the first instance. As it sometimes happens 
that the upper ethereal layer solidifies to a jelly, even with pure sulphate of quinine, 
it is more convenient to employ ether containing alcohol, or to take a somewhat 
larger proportion of ether than is directed above, Guibourt evaporates the ammonia 
before adding the ether (J.Pharm. [3] xxi. 47). — Instead of other, Rie gel (Jahrb. pr. 
Pharm. xxv. 340) employs 100 drops of chloroform, whereby the cinchonidine also is 
dissolved. To separate this last substance, he dissolves 10 grains of the sulphate 
in water, with addition of tartaric acid, and adds acid carbonate of sodium to the 
solution. The resulting precipitate consists of cinchonine and cinchonidine, whilst 
quinine remains in solution. The cinchonine and cinchonidine may then be separated 
by chloroform. O. Henry ( J. Pharm. [3] xiii. 107) likewise separates quinine and cin- 
chonine by means of ether or cold alcohol, but first removes the greater part of the 
quinine by converting it into acetate (by precipitating with caustic soda and dissolving 
the precipitate in acetic acid), and crystallising out as far as possible. — Delondre and 
O. Henry (J. Pharm. [3] xxi. 281) triturate 10 grms. of the sulphate and 4 grms. 
of acetate of barium with 60 grms. of water and a little acetic acid, separate the 
crystals which form after a few minutes, and dilute the filtrate with twice its volume 
of alcohol of 86°. After adding a little sulphuric acid and again filtering, the liquid is 
boiled with excess of ammonia, and after standing for 24 hours, the cinchonine crystal- 
lises in needles. The cinchonine may also be obtained in crystals by dissolving 6 grms. 
of the sulphate in 120 grms. of warm acidulated alcohol, boiling the solution .with 
excess of ammonia, and setting it aside for 24 hours. (For references to other methods 
see GmdirCs Handbook , xvii. 280.) 

3. Acid sulphate, C ap H #4 H 2 0*.Ii 2 S0 4 .16H 2 0, improperly called neutral sulphate . — 
This salt, which always separates from a solution of quinine in excess of sulphuric acid, 
is distinguished from the neutral sulphate by its much greater solubility. It usually 
crystallises on cooling in small needles, but by evaporation in a hot-air chamber, if 
may be obtained in rectangular prisms terminated by a truncation, or by two, three, or 
four facets resting on the faces of the prism. 

It melts in its water of crystallisation at 100°, dissolves in 11 pts. of water at 13°, 
and in 8 pts. at 22°; and in dilute or. absolute alcohol, much more freely in the hot 
liquids than in the cold. From a solution in absolute alcohol it is deposited in 
crystals, which immediately fall to powder on exposure to the air. (Banp.) 

Sulphate of Quinine and Iron.— A mixture of sulphate of quinine and ferric sulphate, 
left for some months in a partially-covered vessel, deposits this salt in small, perfectly 
regular, colourless octahedrons. (Will, Ann. Ch. Pharm. xlii. 111.) 

Sulphate of lodoqutnine (see p. 25). 

Sulphite of Quinine.— Dry quinine absorbs sulphurous anhydride with consider- 
able evolution of heat, forming an anhydrous salt. (Liebig and Felouze.) 

Bulphooyanate of Quinine, C*H» l N*O t .2CyHS, 



volution ofqutoine-sntohate with sulphocyanate of potasrium/formt &telemc«i-y«llofr 
jnonodimc crystals (Worth eim). Quinine treated with sulphocyanic acid yields two 
salts crystallising together, the one white, the other yellow and resinous (Do Ilf us). 
By precipitating sulphocyanate of quinine with mercuric chloride and cyanide, two* 
double salts are formed, containing respectively 3( C 20 H 24 N 2 O s . 2CyhfS).4Hg M Cl* 
and 2(C M H M N*0 2 .2Cy HS).Hg"Cy 3 . (Wertheim.) 

Tannates. — Quinotannic acid occurs in cinchona-bark (Henry and Plisson). 
Gallotannie acid forms with dilute quinine-solutions a yellowish-white, amorphous, 
slightly bitter precipitate, sparingly soluble in boiling water, very soluble in alcohol. 
This salt is used in the treatment of fever, and is said to exert less action than the 
.sulphate on the digestivo organs and on the nervous system, (See Beport of MM. k 
Qrfila, Bussy t and Bouvier on a Memoir by M. Barreswil on the Therapeutic Properties 
ofThrmate of Quinine, J. Pharm. [3] xxi. 206.) 

Tar Ira tee a. Bextrotartrates . The neutral salt , 2C a0 H 2l N 2 O 2 .C 4 H a O a is precipitated 

on mixing sulphate of quinine with neutral dextrotartrate of potassium, as a crystal- 
line powder, neutral, fusible, and having a bitter taste (Arppe, J.pr. Chem. liii. 334). 
The acid salt , C 20 H 24 N 2 O 2 .C , H a O a .H 2 O, is obtained by mixing equivalent quantities of 
the acid and base, and leaving the liquid to crystallise. It gives off 1*4 per cent, 
water at 100°, and the remainder, 4*4 per cent, in all, at 160°, decomposing when 
heated for some time to that temperature (Pasteur). — Tartrate of quinine and potas- 
sium forms ciystals soluble in alcohol (Delondre and Henry). Quinine boiled 
with solution of tartar-emetic does not form a double salt analogous to that of quinidine. 
(StenhouBe.) 

1 8. Lavotartrate. — Obtained like the dextrotartrate, and has the same composition ; 
it differs however in crystalline form, gives off nearly all its water of crystallisation at 
100°, and is much more soluble in water than the dextrotartrate. (Pasteur.) 

Urate of Quinine, C 20 H 2 *N 2 0 2 . OH 4 N 2 0* ? — Prepared by boiling uric acid for 
some time with quinine and a large quantity of water, and filtering the liquid while 
hot ; it is a white, amorphous, laminated mass (Elderhorst), or a dull white powder 
composed of microscopic prisms. It has a bitter taste ; bums without melting when 
heated; dissolves in 866 pts. cold and 36*2 pts. boiling water ; in 1680 pts. cold and 
46*3 pts. boiling alcohol ; still less freely in ether. (Andrea, Pharm. Viertolj.x. 382.) 

Valerate of Quinine , C‘ 0 H* k N*O 2 .G i H 10 O 2 .|H 2 O. — On neutralising alcoholic 
quinine with a slight excess of valerianic acid, and allowing a mixture of 1 voL of the 
liquid with 2 vols. of water to evaporate at ordinaiy temperatures, or not above 60°, 
hard rectangular octahedrons or cubes, permanent in the air, and by rapid evaporation 
also, needles are obtained (L. Bonaparte). The salt may also be prepared by adding 
carbonate of sodium to a mixture of 1 pt. of valerianic acid and 2 pts. of water in 
sufficient quantity to render the liquid slightly alkaline, and pouring the mixture, 
at a temperature of 48°, into a solution of 2 pts. of sulphate of quinine in water 
containing sulphuric acid : the solution, on standing for 24 hours, deposits crystals, 
which are washed with water at 36° (Chatin, J. Pharm. [4] i. 268). It smells of 
valerianic acid : tastes very bitter, and afterwards of the acid, melts at 90° to a trans- 
parent liquid, giving off 3J per cent, of water, and solidifies to a glass on cooling. 
When more strongly heated, it gives off valerianic acid. The salt, fused at 90°, 
dissolves easily in alcohol, and remains on evaporation as an amorphous mass when 
the alcohol is strong, or in the form of crystals when weaker alcohol is employed. 
(Bonaparte.) 

The crystals dissolve in 110 pts. of cold [96 pts. at 18*76° (Abl)], and in 40 pts. of 
boiling water (Witt stein). The solution on boiling deports resinous drops of the 
anhydrous salt, which do not become crystalline on cooling or standing in water, but 
crystallise from dilute alcohol. The same anhydrous salt is precipitated by valerianic 
acid from an aqueous solution of the crystals (Bonaparte, J. Chim. m£d. xviii. 880; 
xix. 330). ^ Dissolves in 6 pts. of cold, and in 1 pt, of boiling alcohol of 80 per cent. 
(Wittst ein, Repert. lxxxvii. 295). The salt prepared with natural, but not that made 
with artificial, valerianic acid, becomes phosphorescent when rubbed, especially after it 
has effloresced. The two salts also exhibit different crystalline forms, (Landerer, N. 
Br. Arch. cxix. 240.) * 

DnwvxTiyas of Qunrara. 
h By Addition. 

Hydroqulnlne, - OH*WO*.H»0 (at 150°) (Sehutsenberger, 

Ann. Ch. Pharm. cviii. 347)* — This compound, which contains the elements of 1 at* 
water more than quinine, is obtained by the action of sine and sulphuric acid on 
quinine. It is an amorphous ream nearly as bitter as quinine. When dried at 120°, 



^ gg 

it retains 1st water, forming the mono-bydrnte C"H"N*0* &*0, which slowly give* 
off half its water at 140°, leaving the compound 2C K H fc N*0 , .H 7 O. The mono-hydrate 
softens at 35° and melts at 100°. Sydroq uinine dissolves in alcohol and ether, and 
exhibits with chlorine-water and ammonia the same green coloration as quinine. Jts 
salts are more soluble than the corresponding salts of quinine. The sulphate crystal- 
lises with difficulty. The ckloroplatinate dried at 100° contains 26*2 per cent, 
platinum, agreeing exactly with the formula <^ 0 H M N*O*. 2HCl.Pt lT CK 

Xodoqnlnfne, 2C 20 H 44 N 4 0 , .I* ?. — By triturating quinine with iodine, a brown 
substance is obtained, exactly resembling iodocinchonine (i. 979), and containing 28*0 
per cent, iodine (calc. » 30*3). (Pasteur, Conipt. rend, xxxvii. 110.) 

Sulphate of lo do quinine, or Sulyhato-iodide of Quinine . This salt, dis- 
covered by Herapath, is obtained by dissolving acid sulphate of quinine in strong 
acetic acid, and gradually dropping into it an alcoholic solution of iodine. The 
mixture, if left at rest for a few hours, deposits the salts in large plates, generally 
rectangular, sometimes rhombic, octagonal, or hexagonal. These crystals, when viewed 
by reflected light, exhibit an emerald -green colour, with an almost metallic lustre like 
the wing-cases of cantharides or the crystals of murexide ; by transmitted light they 
are nearly colourless, having only a faint olive-green tint ; but when two of them 
are placed across one another, so that their longest dimensions shall intersect at right 
angles, the superposed portions are quite impervious to light, just like two crossed 
tourmalines. This effect is produced even with crystals not thicker than ^th of a 
millimetre. In polarised light, the crossed plates exhibit complementary colours, one , 
for example being green and the other rose-coloured, and the superposed portions are 
of a dark chocolate-brown colour. In short, these crystals possess all the optical pro- 
perties of tourmalines, and may be substituted for them, presenting moreover the 
advantage of transmitting a greater proportion of the incident light ; but they are 
somewhat difficult to manipulate with, on account of their brittleness. 

The composition of this, salt has not yet been ascertained with certainty. Herapath 
originally assigned to it the improbable formula C ! *H a *N i O s P.2HSO*.3HO. His 
latest analysis, however, agrees better with the formula 2C 4o H M N 2 0* 3H*S0 4 .I a . Von 
Hauer's analysis, made in Kraut’B laboratory, agrees nearly with same formula + 3H 2 0 : 




Calc. 

Herapath. 



Calc. 

t. Hauer. 

0" 

960*0 

40*81 

41*35 

C" 

960*0 

39-89 

39-39 

H loa 

102*0 

4*34 

4*70 

H 108 

108*0 

4-48 

4-67 

N* 

112*0 

4*76 

3*64 

‘ N 8 

112*0 

4-64 


I 8 

762*6 

32*42 

30*83 

P 

762*6 

31-67 

31*69 

O" 

176*0 

7*48 

9*81 

O' 4 

224*0 

9-36 


3SO* 

240*0 

10*19 

9*77 

3S0 8 

2400 

9*96 

998 


2352*6 

100*00 

10000 


2406-6 

100*00 



— Herapath, Phil. Mag. [4], iii. 161 ; iv. 186: vi. 171, 346; vii. 352; ix. 366; xiv. 
224; complete Chem. Soc. Qn. J. xi. 130 ; Chem. G-az. 1858, p. 437 ; Jahresb. 1858, 
p. 364. — Haidinger and Stokes, Wien. Akad. Ber. x. 106; Jahresb. 1858, 
p. 198. — Gm. xvii. 312. 

Sulphate of Iodethylquinine % prepared in like manner, forms either thin needles per- 
fectly opaque, or thick plates, transparent and purple in thin films, and of a shining 
metallic green colour by reflected li$ht, or dark-rea or orange-red laminae, transparent 
and orange-yellow by transmitted light. 

Oxyqulnlne, C**H**N*0*. — Produced, by boiling sulphate of quinine with nitrate of 
potassium, and precipitating by ammonia. Already described (iii. 820). 

* 2. By Substitution, 

affethylqulnlne, C^H-NW - C»H«{CH*)N*0*. (Strecker, Ann. Gfa. 

iPharzn. xci. 164.) 

When iodide of methyl is added to an ethereal solution of quinine, crystals of hydrin • 
date of methylquinine, C 4, H 2 *N , 0 , .HI, -are formed in the liquid after standing for, 
a while. The compound resembles hydriodate of ethylquinine in its behaviour with ’ 
ammonia and caustic potash. 

Xtbylauixilxra, C"H**N*0* - C**H“(C*H*)N*0* (Strecker, A* eft.)— Iodide 
of ethyl in contact with alcoholic or ethereal solution of quinine^ forms, after 
some hours, yellow needles of hydriodate of ethylquinine, an aqueous solution of 
which is converted by oxide of silver into iodide of silver and a strongly alkaline solu- 
tion of ethylquinine. When the latter is evaporated, and the amonmous residue, ist 
dissolved in alcohol and mixed with ether, a syrup is precipitated which is gradually 
converted into colourless needles, probably of hydrate of ethylquinine. Tb* 



base tastes caustic and bitter in aqueous solution -When heated to 120°, it evolve! 
an odour of chinoline and decomposes. A strong alcoholic solution is not altered by 
iodide of ethyl. 

Ethyl quinine dissolves easily in water and in alcohol . It forms with acids mono* 
and di-acid salts. Aqueous ethylquinine absorbs carbonic acid from the air, and is 
converted into an uncrystalli sable, alkaline salt. 

Hydrochlorate of Etkylquinvne, C«H«N*O a HC1, or C»H**NWC?H'C1, crystal. 
Uses in slender needles united in hemispherical groups. — The cMoroplatinate, 
C**H w N*0*.2HCl.Pt ,T Cl 4 , is a yellow precipitate, soluble in boiling water, and separating 
in indistinct crystals on cooling. 

The hydriodate , C'^H^NW.HI, or C ao H 24 N 2 0*.C a H 6 I, when purified by washing 
with water, and recryatallising from ether, forms very light, colourless, silky needles, 
neutral, unchangeable at 110°, melting at a higher temperature, without loss of weight, 
and solidifying to a vitreous mass on cooling. Tastes very bitter. Dissolves freely in 
water, and is not precipitated by ammonia, but is thrown down in an unaltered state 
by a large quantify of caustic potash after standing for some time. Dissolves in„ 
alcohol, but not in ether. 

The neutral sulphate, 2C w H ,g N 2 0 2 .H 2 S0\ obtained by decomposing the hydriodate 
with sulphate of silver, is slightly soluble in water, more soluble in alcohol than the 
acid salt. 

The acid sulphate , C w H 28 N 2 0 2 .H 2 S0 4 , crystallises in needles, which have an acid re- 
action, and after drying over oil of vitriol, give off 8*2 per cent, water ( = 2 at.) at 120°. 
It is very soluble in water, less soluble iu alcohol than the neutral sulphate. Potash 
added to the concentrated aqueous solution throws down a precipitate of the neutral 
sulphate, which dissolves in water. 

Benzoyl-quinine, C 27 H*"N 2 0 8 =* C 20 H M (C 7 E & O)N 7 O 2 . (Schutzenberger, 
Compt. rend, xlvii. 334). — When chloride of benzoyl is poured upon quinine dried at 
130°, an evolution of heat occurs, and the quinine deliquesces to a thick syrup, com- 
posed of hydrochlorate of benzoyl -quinine and excess of chloride of benzoyl. The syrup 
is dissolved in water ; the base is precipitated by ammonia ; and the white resinous 
mass is dried at 140°, at which temperature it gives off a large quantity of water. 

Benzoyl-quinine is coloured green by chlorine-water and ammonia. The platinum - 
salt contains 23 2 per cent, of platinum (calc, for C M H 29 N 2 0 2 .2HCl.Pt lT Cl 4 requires 
23*6 per cent. Pt). 

QUXlTZlffll-BUliPHimXC ACIB,C 40 H 48 N 4 SO T - 2C ao H 24 N*O a .SO* — Stdphoquinio 
acid. Obtained by dissolving quinine in fuming sulphuric add, neutralising with baryta, 
and decomposing the barium-salt with sulphuric acid. It is a solid amorphous acid 
mass, easily soluble in water and in alcohol. — The barium-salt , C 40 H 4s Ba' r N 4 S0 7 , is a 
transparent friable vitreous mass having a bitter taste. (S chutze nb erger, Ann. Ch. 
Pharm. cviii. 353.) 

Cinchonine forms a similar acid, containing C 4fi H 48 N 4 SO l . (Schutzenberger.) 

QUXN Oa-BSBDS. See Chhnopodium (i. 868). 

qviNobnrB. This name is applied to. the brown resinous mass obtained in 
the manufacture of quinine and cinchonine, by precipitating the brown uncrystallisable 
mother-liquor with ammonia or potash, or by evaporating the mother-liquors of sul- 
phate of quinine to dryness. There appear to be two kinds of quino’idine — the one 
freely soluble in ether, and containing quinidine, with smaller quantities of quinine^ 
cinchonine, and resin ; the other, which is only partially soluble in ether, consisting 
chiefly of uncrystallisable transformation-products of the cinchona-bases. The former 
is obtained from inferior kinds of cinchona-bark, but not from Cinchona regia or 
C. ftava dura . (Winckler ; eoe Ghnelin'e Handbook , xvii. 303.) 

Animal quindidine. — This name is applied by Bence Jones and Duprd (Proc. 
Boy. Soc. xv. 7 3), to a fluorescent substance resembling quinine in optical and chemical 
properties, which may be extracted from every texture of man and of some animals, and 
is identical with the fluorescent BubBtance existing in the crystalline lens. 

- qunron. An old name of Quinine. v 

. QUnroiiSnni. Syn. with Chinolikb (i. 869). 

qvZNOVAMIO AGIO. Syn. with QuntOTTJoao Acn>. 

OVSWOVAMXSB. C fl H 5 NQ. (Woskresessky, pr. Chem. xzxiv. 251.) — it 
product intermediate in composition between quinonefOTPO 2 ) and diphenine (C a H*N , } s 

formed by the action of dry ammonia or quinone : 

C*H 4 O a + NH* « CPHW) + H*0. 

It is a crystalline mass of a fine emerald-green colour, soluble in water, but quickly 
decomposing, and yielding a nearly black solution. 



Qunrojrs, C*H 4 0*. (W o skr e sen iky, A nn . Cflb, Pham, xxxrii. 168.— W Shier, 
tAzZ, li. 148. — Laurent, Cornpt chim. 1849, p. 190. — Hesae, Ann.Ch. Pharm. jdv, 
299.) — A compound produced: 1. By the oxidation of quinic acid. When quinic 
acid or a quinate is heated with about 4 pts. peroxide of manganese and 1 pt. strong 
sulphuric acid diluted with half its weight of water, the mass froths up, and gives off 
thick white vapours, which condense in the receiver to shining golden-yellow needles of 
quinone ; the reaction is : 

C’H'*0* + 0* - C«H 4 0* + CO* + 4H f O. 

Quinic add, Quinone. 

The product is pressed between paper, and purified by sublimation. In like manner 
quinone may be obtained from coffee and other vegetable substances containing quinio 
acid (p. 9).— 2. By the dry distillation of quinates. — 3. From bydroquinone, by the 
action of neat (iii. 213). — 4. From benzidine, aniline, and phenylene-damine, especially 
the ^-modification (iv. 481), by oxidation with manganic peroxide and sulphuric acid. 
Benzidine thus treated yields a large quantity of qumone : 

C ,2 H ,2 N* + H 2 0 + 0* - 2C e H 4 0* + 2NH 1 . 

Aniline yields but a small quantity : CPHTO + O’ = C*H 4 0 2 + NH B , the greater 
part suffering more complete decomposition. (Hofmann, Proe. Roy. Soc. xiii. 4.) 

Properties. — Quinone when sublimed forms long, transparent, golden-yellow, shining 
needles (W oskres ensky) ,* after crystallisation from not water it is of a darker and 
dingier colour, and less transparent (Wohler) ; from solution in hot ethvlic iodide, 
it crystallises in beautiful lamin® (Hesse). It is heavier than water, melts at 100° 
(Woskresensky), at 115*?° (Hesse), to a yellow liquid, which crystallises on cooling 
(Wohler), at 1 16*2° (Hesse), It volatilises without alteration,* and sublimes, even at 
ordinary temperatures, from one part of the containing vessel to another. It has a 
pungent irritating odour. It is very slightly soluble in cold water, more soluble in 
alcohol and ether; the solutions have no effect on vegetable colours, but the aqueous 
solution colours the skin brown. It dissolves with yellow colour in dilute hydrochloric 
aud nitric acids. The aqueous solution forms a pale-yellow gelatinous precipitate with 
basic acetate of lead, but does not precipitate the neutral salts of lead, copper, or silver. 

Decompositions. — 1. The aqueous solution of quinone acquires, by exposure to the 
air, a continually deeper yellowish-red colour, and ultimately deposits a black-brown 
mouldy substance (Wohler). The aqueous solution mixed with ammonia or potash 
absorbs oxygen, and assumes a black-brown colour on exposure to the air, ana then 
forms with acids a black mouldy precipitate, resembling melanic acid (iii. 867 ; 
Laurent, Compt. rend. xxvi. 36). — 2. With dry chlorine gas, quinone forms trichloro- 
quinone, the action being attended with great rise of temperature and evolution of 
hydrochloric acid (Woskresensky) : 

C § H 4 0* + Cl- « C*HO B 0* + 3HCL 

— 3. Heated with hydrochloric acid and chlorate of potussium, it is quickly converted 
into tetrachloroquinone (Hofmann, Ann. Ch. Pharm. lxii. 65). — 4. Oil- of vitriol 
carbonises quinone (Woskresensky). — 5. Strong hydrochloric acid colours 
quinone brownish-black, and then dissolves it, forming a red-brown afterwards colourless 
liquid, which no longer smells of quinone, but contains chlorohydroquinone, C*H*C10 f . 
(Wohler). The first products are probably quinhydrone and chloroquinhydrone (iii. 
213, 217), the presence of both of which in the black magma formed at the begininng 
of the action was pointed out by Stadeler (Ann. Ch. Pharm. lxix. 308) ; 

4C 4 H 4 0* + 2HC1 = . C ,a H ,0 O 4 + C'TCO' ; 
and these compounds, by the further action of the hydrochloric acid, are converted 
into chlorhy droquinon e, being at the same time dissolved and decolorised : 

C'*H ,# 0 4 + C**H»C1*0 4 + 2HC1 « 4CfH 5 C10*. 
Chlorhydroquinone is likewise formed by the action of hydrochloric arid gas 
upon ary quinone (Wohler)^ — 6. Quinone heated with nitric acid yields oxalic 
and picric acids. On treating it with nitric and strong sulphuric adds, and 
^immersing metallic zinc in the diluted . solution, a base is produced resembling 
ancine or cinchovatine (Schoonbroodt, Bulk Soc. Chim. 1861, p. 107).— 7. 
Ammoniacal gas passed over quinone, quickly converts ' it, with separation of 
water, into quinonamide (p. 26). — 8. Snlphydric acid gas has no action upon dry 
quinone, but when passed through the cold aqueous solution, first reddens it, 
and then throws down flakes of brown sulpbonydroqu inone, which# if the pas* 
sage of the gas be still continued, and especially if the action be aided by heat, is 
converted into yellow sulphohydroqninone. The same compound is formed when 
sulphydrfite of ammonium is poured upon quinone (Wohler).— 9. Quinone dissolved, 
in water is converted into hydroquinonc by excess of hydriodto & 
with precipitation of iodine or tellurium ; and by sulphurous acid, vrith formaUo n iff 



sulphuric add ffrShler). Sulphurous anhydride has no action upon dry qtdiu&e; 
ana even phosphuretted hydrogen, arsenetted hydrogen, and hydrocyanic acid are 
without action upon it (Wohler).— 10. Quicklime , or hydrate of potassium, in contact 
with moist crystals of quin one, acquires a fine indigo-blue colour ; and on trituration a 
blue powder is formed, having a coppery lustre, and yielding a blackish -green solution 
‘with water (Hesse).— 11. Quinone heated with hydrate of potassium is converted 
into quinonic acid, (Schoonbroodt, p. 30).— 12. Quinone heated for a long 

time to 118° with iodide of ethyl in sealed tubes, yields long white crystals (Hesse).— 
13. With aniline in boiling alcoholic solution, it forms diphenyl-quinoyl-diamide. 
(Hofmann, iv. 430.) 

• C H Uor oq nlnones. When quinic acid or a quinate is heated with a mixture of per- 
oxide of manganese, sulphuric acid, and common salt, a yellow crystalline sublimate is 
obtained, consisting of several chlorinated derivatives of quinone, which may be 



quinone i „ D . * „ 

m lamin®. By reducing agents, and especially by sulphurous acid, they are converted 
into the corresponding chlorhydroquinones (iii. 216). 

Monochloroquinone, MPCIO* (Stadeler, Ann. Ch. Pharm. lxix. 300). Pr«- 
paration.— One pt. of quinate of copper, or any other quinate (25 grammes at most), 
is distilled with 4 pts. of a mixture of 3 pts. common salt, 2 pts. peroxide of manga- 
nese, and 4 pts, oil of vitriol (diluted with three times its bulk of water), in a flask 
provided with a descending tube Bix feet long, and kept cool at the upper part by a 
wet cloth, but not so much as to cause the liquid which distils over to crystallise. 
At first the mixture froths up considerably, giving off carbonic anhydride with a small 
quantity of chlorine ; but when the liquid begins to boil, the evolution of chlorine 
ceases. The rapid ebullition must be kept up, as long as any oil passes into the receiver 
from the tube, in which, if it be moderately cooled, all the tetrachloroquinone is deposited. 
This oil, which solidifies on cooling, is. collected on a filter, repeatedly washed with 
cold water, dried, pulverised, and exhausted with successive small quantities of cold alco- 
hol of 85 per cent., as long as the alcohol acquires a yellow colour and gives a precipitate 
with water. Dichloroquinone then remains undissolved, together with a small quantity 
of tri- and tetra-chloroquinone, whilst the alcohol retains in solutiou the quinone and 
trichloroquinone, which colour it yellow. These compounds are precipitated from the 
solution, by addition of a triple volume of water, in slender needles and laminae, and 
dissolved in a small quantity of hot moderately strong alcohol ; the solution is cooled, 
till the large yellow lamin® of trichloroquinone, which separate out, begin to be asso- 
ciated with needles of monochloroquinone; the liquid is then immediately filtered and 
mixed with water ; and the precipitate, consisting of monochloroquinone and a small 
quantity of trichloroquinone, is freed from the latter by repeatedly treating it as 
above with alcohol, which however cannot be effected completely, and iB attended 
with great loss. 

Monochloroquinone crystallises in long yellow needles, very soluble in ether , mode- 
rately soluble in alcohol and acetic acid. It dissolves also in boiling water, and sep&ates 
on cooling ; but if the boiling be prolonged, the solution becomes dark-red and opaque, 
with formation of brown chloroquinhydrone (iii. 217). Chloroquinone melts at 160° to 
a deep yellow oil, having an aromatic odour and biting taste. It colours the epidermis 
purple, like gold-salts. It dissolves in cold aqueous sulphurous acid , and is reduced 
thereby to cnlorohydroquinone (iii. 216). * 

D iohlo ro quinone, C e H*Cl*O f . — This compound forms the portion of the oily 
product obtained in the preparation of monochloroquinone, wnicn is but slightly 
soluble in alcohol. When purified by repeated crystallisation from hot alcohol, it 
forms shining, deep yellow, well-defined monodinic prisms, melting at 160°, insoluble 
in water, nearly insoluble in cold alcohol, soluble in not alcohol , very soluble in ether. 
It dissolves in weak potash , forming a red-brown solution, from which hydrochlorio 
add throws down prisms consisting of a peculiar acid* — Dichloroquinone dissolves^ 
slightly in ammonia , forming a yellow solution gradually changing to red and 
brownish-black. Sulphuric, hydrochloric , nitric, and acetic acids dissolve dichloro- 
quinone, especially when hot, and deposit it in crystals on cooling. Sulphurous add 
at the boiling heat converts it into dichlorohydroqninone or dichloroquinhydroue. 
(Stadeler, loc cit.) 


Trichloroquinone, OTPCPO*. (Woskresensky, J. pr. Chem, xviii. 419.— 
St&deler, Ann* Ch. Pharm. lxix. 318. ) — Produced^ by the d irect action of chl orine 
on quinone; also, together with the other chloroquinones, by the action above-mentioned. 
The action of chlorine on quinone is so violent at first, that the vessel requires to .be 
kept cool at the beginning, but towards the end of the process it must be surrounded 



frith, boiling water. Hie product then volatilises with the vapours of hydrochloric 
acid, and is deposited in crystals on the cold parts of the apparatus ; it may be purified 
by crystallisation from hot alcohol. 

' Trichloroquinone forms small yellow prisms melting at 160° and subliming at a 
lower temperature. It does not colour the skin, is quite insoluble in water, very 
soluble in ether, soluble in hot alcohol . Aqueous potash colours it green, and forms a 
brown solution, which gradually deposits long needles of a red salt, the acid of which 
is precipitated by hydrochloric acid in red needles. * 

Trichloroquinone is coloured green by strong aqueous ammonia , but the solution 
gradually assumes a brown-red colour, and yields by spontaneous evaporation hard 
dark-brown crystals. — Sulphuric and nitric acids dissolve trichloroquinone without 
alteration ; sulphurous acid converts it into trichloroquinone. 

The alcoholic solution of trichloroquinone does not precipitate acetate of lead or 
nitrate of silver. 

TetracAloroquinone , Perchloroquinone , or Chloranil, C*C1 4 0*. (Erd- 
mann, J. pr. Cnem. xxiii. 273 and 279; Hofmann, Ann. Ch. Pharm. lii. 65; 
Hesse, ibid, cxiv. 303.) — This compound is formed by the action of a mixture of 
hydrochloric acid and chlorate of potassium on quinone, aniline, phenol, trichloro- 
phenol, dinitrophenol, trifiitrophenol, salicin, salicylous acid, salicylic acid, nitros&li- 
cylic acid, isatin, chlori satin, dichlorisatin, and, according to Wagner (J. pr. Chem. 
lxvii. 441), on pyrocatechin ; also, together with the other chloroquinones, when 
quinone is heated with peroxide of manganese, sulphuric acid, and common salt. 

(p. 28). 

Preparation . — 1, From Phenol : Strong hydrochloric acid is poured upon phenol in 
a basin ; chlorate of potassium added in small crystals ; and the mixture heated as 
soon as the first violent action is over, the heating being continued for some time, till 
in fact the phenol, which at first becomes thick and red-brown, is converted into a light 
yellow crystalline mass, which, after washing with water, may be crystallised from 
boiling alcohol. The transformation takes place tnore quickly when the phenol is 
dissolved in boiling water or in alcohol ; but if alcohol be used, it is necessary, on 
account of the readiness with which explosion takes place, to use more dilute hydro- 
chloric acid, and to add the chlorate gradually (Hofmann). — 2. From Salicin: This 
substance is dissolved, together with chlorate of potassium, in boiling water; and small 
quantities of hydrochloric acid are added, whereupon the solution immediately acquires 
a deep orange-yellow colour, and becomes covered with a crust of small crystals of 
perchloroquinone, amounting to 30*27 per cent, of the salicin. If the salicin be first 
heated with hydrochloric acid alone, Baliretin is formed, which, when afterwards heated 
with chlorate of potassium, does not yield any perchloroquirione (Hofmann). — 
3. Quinone , or the wash- water obtained in its preparation (p. 27), may also be boiled 
with hydrochloric acid and chlorate of potassium. 

Properties.— .Perchloroquinone forms pale-yellow scales, having a nacreous and 
metallic lustre. When gently heated, it sublimes completely without melting, but if 
suddenly heated, it melts, and suffers partial decomposition. It is insoluble in water , 
and nearly insoluble in cold alcohol ; but dissolves in boiling alcohol, forming a pale- 
yellow solution, from which it crystallises on cooling in iriaescent scales resembling 
iodide of lead. Ether dissolves it somewhat more readily than alcohol. 

Perchloroquinone is not acted upon by hydrochloric, nitric, or ordinary sulphuric 
acid, even at the boiling heat (Erdmann), but dissolves without alteration in faming 
sulphuric acid, and in a mixture of sulphuric and nitric acids (Hesse). Stdphurous 
acid converts it into tetrachlor-hydroquinone or chlorhydranil (Btfideler). Sul- 
phurous anhydride passed through a warm mixture of tetrachloroquinone and strong 
alcohol, forms octocnlorinated ethyl-dihydroquinone (iii. 217), probably thus: 

2C*C1 4 0* + C*H*0 + 3H»0 + 2SO* ~ C^H^CFH^CPO 4 + 2H*S0 4 . 

In like manner with sulphurous anhydride and glacial acetic acid , it yields octochlo- 
rinated acetyl-dihydroquinone (Hesse). A hot filtered solution of perchloroquinone 
s in concentrated aqueous acid sulphite of potassium deposits crystals of thioehronate 
of potass ium*0*H 4 K 4 B 4 0 H (Hesse), thus: 

C*C1 4 0* + 4SHKO* + 2H*0 * C*H 4 K 4 8*0 1 . 4 + 4HC1 + CO*. 

A solution of tetrachloroquinone in concentrated acid sulphite of ammonium yields o n 
cooling colourless crystals, consisting of the ammonium-saltof diohloro-disulphoialicylie 
acid, C t H 4 Cl 9 S*OVan acid which may be regarded as derived from snlphosalicylic arid 
(C*H«O.CO*SO*), by the substitution of Cl* for H* and of SO* for CO* (H esse). The 
maion of the ammonium-salt takes place as shown by the equation : 

©WO* + 28H(KH 4 )0» + 2SO* + 3H«0 - C*H*( NH 4 )*CM8*0* ♦ 2HCI + 2H430V 




AOJD. 

i heated to 100° in a glass tube, with dry acetate of sit-tier aniis littUT 
ether, fields chloride of silver and dicmoroqninoyltc acid ; probably thus : 

0 > C1 4 0* + 2C 2 H B Ag0 2 = 2AgCL + + C S C1*0* (Hesse.) 

Percbloro- Acetate Of Acetic an- Dichloroaulnoylio 

quinone. illver. hydride. anhydride. 

Perchloroquinon e dissolves easily in hot dilute potash or soda, forming a purple liquid, 
Which on cooling deposits dichloroquinoylate (chloranilate) of potassium or sodium 
(p. 34) : 

C 4 C1 4 0* + 2H*0 - C*H 2 C1*0 4 + 2HC1. 


It dissolves easily also in aqueous monosulphide of potassium, forming a yellow liquid, 
which in contact with the air quickly turns brown and finally black, and deposits a 
black granular powder. The recently prepared yellow solution yields, with hydro 
chloric acid, a yellowish-white precipitate, soluble in alcohol, ether, and caustic 
potash . 

Perchloroquinone heated with aqueous ammonia is converted into dichloroquinoyla- 
tnate of ammonium ; with alcoholic ammonia it yields the same salt, together with 
dichloroquinoylamide (Laurent): 

C*Cl 4 O a + NH" + H 2 0 - C'WCmO' + 2HC1. 

Perchloro- Dichloroqtilnoy- 

quinone. lumlc acid. 

C 8 C1<0 3 + 2NH* « C 6 H 4 C1 2 N*0 2 + 2HC1. 

Perchloro- DichioroqufnoyU 

quinone. diamide. 

With aniline in presence of alcohol, perchloroquinone yields diphenyl-dichloroquinovl- 
diamide. (Hofmann, iv. 426.) J 

qVXXfOMZO ACID. C l2 H*O fl ? — An acid obtained by Schoonbroodt (Bull. 
Soc. Chim. 1861, p. 107), by heating quinone with potash, hut very imperfectly de- 
scribed. When heated with excess of potash, it is said to yield a brown empyreumatic 
oil, C ,p H B 0 3 insoluble in water, and solidifying in the cold to brown crystalline 
laminae. With the vapour of fuming nitric acid, this oil forms a nitro-compound 
in soluble in water ; and from this, by the action of zinc and sulphuric acid, a colourless 
base is said to be obtained, soluble in alcohol, insoluble in ether, slightly soluble in 
water, and forming uncry stalli sable salts, which have a sharp bitter taste, and yield 
with potash or ammonia a precipitate insoluble in excess of the reagont. 

The name quinonic acid is also used as synonymous with quinoylic acid 
(p. 34). 


QITXBT OTAirnrxc ACID, or Cinchonatannic acid, (Berzelius, Zekrbuch 
3 Aufl. vi. 246.— -Pelletier and Caventou, Ann. Ch. Phys. [3] xv. 337 .— r! 
Schwarz, J. pr. Chcm. lvi. 76.)— Cinchona-barks contain a tannic acid different from 
gullotannic acid, which imports to them the property of precipitating tartar-emetic 

E yish-yellow, colouring ferric salts green, and precipitating a solution of gelatin 
orzeliua). The tannin, both from brown and from red cinchona-bark, precipitates 
rie salts dark-green ; that from yellow cinchona-bark forms a lighter green nrecinitata 
with ferric salts. (Pelletier and Caventou.) * 

Preparation . — The decoction of cinchona-bark is mixed with a small quantity of 
.calcined magnesia, which precipitates cinchona-red ; the filtrate is precipitated with 
neutral acetate of lead ; the precipitate is decomposed under water by sulphydric 
acid ; the liquid filtered from the sulphide of load is precipitated with basic acetate 
? f , . J d \ the Palpitate separated by filtration is dissolved in dilute acetic acid 
(winch leaves cinchona-red undissolved); and the filtrate is precipitated by am- 
monia. The light-yellow precipitate is washed and decomposed by sulphydric acid, 
and the liquid filtered from the sulphide of lead is again precipitated by an alcoholic 
solution of neutral acetate of lead. If the quinotannote of lead thus obtained be 
decomposed under water by sulphydric acid, and the liquid, filtered from the sulphide 
of lead, be evaporated m vacuo over oil of vitriol and a mixture of ferrous sulphate 
(Schwa ns) < l uinotanmc aci * remains behind, hut already somewhat altered, , 

iaalight-yeUowfriable, very hygroscopic mass, which becomes 
- Ifcs abghtly sour and somewhat astringent^ but not at all 

bitte r, _ltdisa(A\ea in water, alcohol, and ether ; the ethereal solution is nearly colour- 
less. [The acid cannot be extracted from the bark by means of other, it is 

“nation wiUi an alkali.] Schwarz found it V contemn 
6 49 hydrogen, and 4976 oxygen, whence he deduces the formula C“H**0** 
Quinotannie acid subjected' to dry distillation gives off an odfcur of phenol. Ite 
aqueous solution Tapidly absorbs oxygen from the air. especially in presence of \fiid 
Afludi^ acquiring a brown-red colour, and yielding cmehona-re(f (t A conned 
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tinted solution of the said, boiled with a' little hydrochloric add, dopants zed *™v« 
which dissolve with green colour in alkaline liquids (Schwarz), From the concent 
trated aqueous eolation, hydrochloric and sulphuric acids throw down compounds of 
quinotannic acid with those acids, but less easily than from aqueous gallotaimic add. 

Quinotannic acid unites 'with bases, forming salts which decompose in contact with 
the air, much more easily than the gallotannates, yielding cinchona-red and a carbo- 
nate. (Berzelius.) 

With starch, gelatin, and white of egg, quinotannic acid reacts like gallotannic acid. 
It colours feme salts green, and produces an abundant yellowish-grey precipitate with 
, tartar-emetic. Its aqueous solution mixed with gallotannic acid dries up to a transpa- 
rent varnish. 

QVXIiOVJL-BXTTBR. See Quinovin. 

QViwroVASUQJkM, C*W 2 0\ (Hlasiwetz and Gilm, Ann. Ch. Phaim 
can. 182; Jakresb. 1869, p. 581.)-— A saccharine substance produced, together with 
quinovic acid, by the action of hydrochloric acid gas on quinorin in alcoholic solution 
(p. 32), It remains in the acid mother-Jiquor from which the quinovic acid has 
crystallised out, and may be separated by quickly neutralising the liquid with anhy- 
drous carbonate of sodium or carbonate of lead, filtering, washing the precipitate with 
a small quantity of absolute alcohol, then distilling off the alcohol, evaporating to 
dryness at 100°, treating the residue with water, evaporating again, and exhausting 
the residue with absolute alcohol. The alcoholic solution thus obtained leaves the 
quinova-sugar, on evaporation, as an uncrystallisable hygroscopic mass, having a faint 
and slightly bitter taste. It emits an odour of caramel when heated, gives off a little 
water when exposed for some time to a temperature of 100°, reduces an alkaline 
cupric solution only when concentrated. It resembles mannitan more than any other 
kind of sugar. 

QUIVOVATAXTOXC ACXD. A tannic acid obtained by H Iasi wet z (Ann. 
Ch. Pbarm.lxxix. 130; Cm, xv. 484), from the bark of Cinchona nova or C. surinamen- 
sis. It is very much like quinotannic acid, but differs from the latter in having a 
somewhat bitter taste, and mnot giving a precipitate with gelatin or tartar-emetic. It 
yielded by analysis 61*8 per cent, carbon and 5*8 hydrogen, whence Hlasiwetz deduces 
the formula G'*H i9 0\ requiring 52 01 C, 6-9 H, and 421 O. 

QVUVOVATXO ACXX>. Bee Quinovin. 

Qtmrovxc ACXXK C*H”0 4 . (Hlasiwetz and Gilm, Ann. Ch. Pharm. cxi. 
1829 ; Jahresb. 1859, p. 579.) — This term was originally used as a synonym for 
quinovin or quinova-bitter, but iB now applied by Hlasiwetz to an acid produced, 
together with quinova-sugar, by the decomposition of quinovin. 

When dry hydrochloric acid- gas is passed into a solution of quinovin in strong 
alcohol, the liquid becomes hot, and deposits quinovic acid as a white crystalline 

E owder, while quinova-sugar remains in solution. The quinovin maybe obtained pure 
y washing it with alcohol, then boiling it with a large quantity of strong alcohol, 
concentrating the solution by distillation, and leaving it to cool. The quinovin is then 
deposited as a white sandy powder composed of six-sided laminae, belonging to the tri- 
metric system. It is tasteless, insoluble in water, very slightly soluble in cold, and not 
very freely in boiling alcohol, sparingly soluble in ether, ft has the properties of a weak 
aeia, and dissolves easily in alkalis ; but is precipitated from the ammbniacal solution 
by strong acids as a bulky gelatinous mass, which becomes pulverulent when left for 
some time under the liquid. The alcoholic solution is not coloured by ferric chloride, 
Quinovic acid does not lose weight at 140°. When somewhat strongly heated on 
platinum-foil, it melts and solidifies to a fissured mass ; at a higher temperature it 
gives off a vapour smelling like incense, and burns with flame, leaving no residue. By 
dry distillation it first gives off an oil smelling like oil of turpentine, then vapours 
having an odour of incense, and a thickish amber-yellow liquid, which condenses in the 
neck of the retort. It is scarcely affected by hydrochloric or even by boiling nitric 
acid ; it dissolves in sulphuric acid, and is precipitated therefrom by water. When 
triturated, or warmed with, phosphor! o chloride, it liquefies, evolving hydrochloric acid, 
and on distillation, gives off phosphoric oxychloride, leaving a blackened residue. 
Quiuovates. — Quinovic aria is dibasic, the general formula of its salts being 
It dissolves in alkalis and decomposes alkaline carbonates, but its ammonia- 
cal solution gives off ammonia on evaporation. The same solution gives precipitates 
trith salts of the heavy metals. — The potassium-salt, 2C fc H*K*0 4 .3H*0 (at 160°), is 
obtained as a bulky pasty precipitate, on adding strong caustic potash to a concentrated 
ammoniaeal solution of the acid, also by concentrating a solution of the acid in potash. 
—The sodium-soli resembles it, and is obtained In like manner. — The barium-, stron - 
tfpnt-, and calcium-salts separate as gelatinohs precipitates, on Adding the co rr es p onding 
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chfend^to the wmnoniatfft! solution of the ada^The coppe*#** if* 
dpitate, whose composition <at 120°) is approximately represented by the formula 
' The silver-salt is a bulky precipitate, quickly (Ranging on 
exposure to light, and exhibiting wheh dried in a vacuum, and then at 120°, the com* 
position C^H^AgK)*. 

QVXVOVUr. C w H ,8 0 8 . Quinova-bitter ; formerly also called Quinovic, Quinova - 
tic, or Chiococdc acid* (Pelletier and Caventou, J. Pharm. viil 112. Winekler, 
IMpert. Pharm. ti. 193.— Buchner, jun. Ann. Ch. Pharm. xvii. 16L— Peterson, 
ibid. xvii. 165.— Schnedermann, ibid. xlv. 277. — Rochleder and Hlasiwetz, 
ibid, lxxvi. 238. — Hlasiwetz, ibid, Ixxix. 129.— Schwarz, ibid, Ixxx. 330. — Hlasi- 
wetz and Gilm, ibid. cxi. 182; Jahresb. 1859, p. 578).— A substance discovered by 
' Pelletier and Caventou in the false cinchona-bark of commerce (Cinchona nova), 
found also by Schwarz and by De Vrij ( J. Pharm. [3] xxxvii. 255) in the true cin- 
chona-barks. According to Bochleder and Hlasi wetz, quinovin (or perhaps rather 
quinovic acid) is formed hy the action of acids and alkalis on caincic acid (i. T10). It 
may be extracted from false cinchona-bark by boiling with milk of lime, precipitating 
the extract with hydrochloric acid, and purified by dissolving the precipitate in alcohol, 
reprecipitating with water, and repeating this operation till a perfectly colourless pro- 
duct is obtained. (Schnedermann.) 

According to De Vrij, the crude quinova-bitter extracted from cinchona-bark maybe 
separated by chloroform into quinovin, soluble in that liquid, and easily soluble in 
alcohol ; and quinovic acid, insoluble in chloroform and only sparingly soluble in alcohol. 
He obtained quinova-bittor from all parts of Cinchona Calisaya, cultivated in Java : 
from tliq woody parts of the roots, 2 67 per cent. ; from the root-bark, 1-08 ; from the 
wood of the stem, 1*80 ; from the bark of the stem, 0-36 ; from the bark of the woody 
branches, 0*68; from the herbaceous stalks, 0*85; and from the dried leaves, 0*23 
per cent. The amount of quinova-bitter in the several oigans (excepting the leaves, 
which contain no alkaloids) is inversely proportional to the quantity of alkaloids present. 

Quinovin when dry forms amorphous fragments resembling gum. It has a very 
bitter, taste, is nearly insoluble in water , moderately soluble in ether , very soluble in 
alcohol, and is not deposited from its solutions in the crystalline state (Sch'neder- 
mann). It is soluble in chloroform , and turns the plane of polarisation of a luminous 
ray to the right, but less strongly than qninovic acid. (De Vrij.) 

The analyses of quinovin (or quinova-bitter) by different chemists do not exhibit 
very close agreement, probably because some of the products examined consisted of 
crude quinova-bitter, containing quinovic acid as well as quinovin. Schnedermann 
found 67 *2 per cent, carbon, 9*05 hydrogen ; Hlasiwetz, 66 6 carbon and 8*9 hydrogen — 
numbers agreeing nearly with the formula C M H 4B 0\ which requires 67*2 carbon, 9*0 
hydrogen, and 11*9 oxygen. 

Quinovin yields by dry distillation a thick oil, having a strong odour of incense and 
petroleum, together with a small quantity of shining- crystals. With nitrous acid it 
gives off red vapours ; and on adding water to the solution, white amorphous flocks are 
precipitated, together with a resinous matter; no oxalic acid is produced. 

When dry hydrochloric acid gas is passed into the alcoholic solution of quinovin, the 
latter is resolved into quinovic acid and quinova-sugar (Hlasiwetz); 

C i# H 4< 0 # +. H*0 * C 2 W0 4 + C‘H 12 0 3 . 


QVINOTL. A diatomic radicle, which may be supposed to exist in quinone and its 
derivatives, quinone itself being regarded as the hydride (C*H 2 0*)"H 2 , aichloroquinone 
as the chloride of quinoyl (C < H*0 1 )"CI* a view which is in accordance with its reactions 
with alkalis (p. 28), and perchloroquinone in like manner as the chloride of dichloro- 
quinoyl (C«Cl*0*)"Cl a . 


qpnroY&Axxc aca>, (tfH’O*)' 




not known; but dichloroquinoy- 


lamio acid, OTPCWO* - (0*0*0*)'* , also called dichloroquinonamio add, 

ehloranilam, and chloranilamia acid, was discovered by Erdmann ( J. pr. Chem. **ii- 
"2871 and further examined by Laurent (Ann. Ch. Phys. [3] ii£ 493). It is 
produced by the action of aqueous ammonia on perchloroquinone (cnloranil): 

C*C1 4 0 # + NH* + H*0 ,» OH’CPNO* + 2HCL 
The resulting red liquid, when concentrated, deposits crystals of dichloroquinoylamate 
of ammonium; and on mixing a saturated solution of this salt with hydrochloric or 
Sulphuric acid, diebloroquinoylamic acid is deposited on cooling in black needles con- 
taining 2C A H s Cl a NO*.5H t O, having a fine adamantine lustre and often several in ch es 
long : It may be purified by crystallisation from boiling water. 
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IHchloKiqttiiMJTlaBua Mid* « slightly scfaMe ta water, forming a violet «jh-. which 
precipitates metallic salts. Caustic notash itMnmruwm. .v .... non, witten, 

forming d ichloro^uinoylate 
or sulphuric add m the cold 
roquinoylic acid. 

DicMoroquinoylamate of Ammonium (or Chloranilammon) C i H*(NH 4 )a ? NO» 2IP0 
forms flattened chestnut-coloured shining needles, soluble with purple colour in ’water 
especially when warm. The solution precipitates metallic salts.— The barium-salt 
is a light-brown precipitate, soluble with purple colour in hot water.— The copper-salt 
is a greenish-brown precipitate, obtained by mixing the ammonium-salt with cupric 
acetate.— The lead-salt is a red-brown precipitate ; the mercurous salt a dark-brown 
precipitate. Mercuric chloride does not form a precipitate with the ammonium-salt.— 
The silver-salt , C«H 2 AgCl 2 NO a , is precipitated in brown flocks, often crystalline, and 
apparently easily decomposible. 

QtmrOTXAKEDX*. I, Qumoyl-diamidc, fr not actually known, 

but would probably be obtained by the action of ammonia on quinone in presence of 
alcohol, in the same manner as its derivatives, described below. Quinone treated with 
dry ammonia gas takes up 2 at. ammonia, and forms quinonamide, C*H ft NO (d 261 

f C*Cl 2 O a r ) /• 

D ichloroquinoyl-di amide, ' > j N* DicMoroquinonamide, Chloranila- 

mide (Laurent, Rev. Scient xix. 141). — This compound is formed by the action of 
ammonia on perchloroquinone (chloranil) in presence of alcohol : 


(C«CTO«)"Cl a + 4NJET* 


(C-OTOTJn, 


+ 2NH*C1. 


When a mixture of perchloroquinone, alcohol, and ammonia is gently heated, the 
liquid becomes red-brown, part of the solid substance dissolves (the solution contain- 
ing dichloroquinoylate of ammonium), whilst another portion remains in the form of 
a brown-red precipitate. This precipitate is washed with alcohol, then redissolvdd in 
the liquid with addition of potash, and gentle heating ; the liquid is filtered if neces- 
sary ; and the potash is neutralised by an acid, while the liquid is still warm. Lichlo- 
roquinoy 1-diamide is then separated almost immediately, as a red-brown precipitate, 
the colour of which is finer in proportion as the quantity of alcohol used is larger, and 
the temperature of the liquid higher. Too great a heat must however be avoided, us 
above a certain temperature the product would be decomposed by the potash. 

Di chloroquinoyl-aiamide in the dry state, is a crystalline powder composed of micro- 
scopic needles of a deep crimson colour and almost metallic lustre. It is insoluble in 
water, and nearly insoluble in alcohol and ether. When cautiously heated on a glass 
plate, it partly sublimes, partly decomposes. It is not attacked by hydrochloric acid, 
even at the boiling heat. It dissolves in stropg sulphuric acid, forming a violet solu- 
tion, from which it is almost wholly.precipitated by water. Boiling potash eliminates 
ammonia, and converts the amide into dichloroquinoylate of potassium. 

Diphenyl -quinsy l- diamide, C ,8 H l4 N*0* =» is produced by the 

) 

action of quinone on aniline, in presence of a large quantity of boiling alcohol : 


3(C*H*0?)"H* + 2(C i H 5 )H*N - 
Quinone. Aniline. 


5 )» ) 

(OH*O a )"fN* + 2C*H i O*. 
H» ) 

Diphenylquinoyl- Hydro- 

dlamido. quinone. 


The resulting brown solution deposits the diamide On cooling, in red-brown scales 
having an almost metallic lustre, and the mother-liquor evaporated with hydrochloric 
acid, yields a mixture of hydrochlorate of aniline and hyaroquinone. (Hofmann, 
Proc. Roy. Soc. xiih 4.) 

• (cm*y ) 

Diphenyl-diehloroquinoyl-diamide, C ia H 1l Cl*N*0* - JN*_Thii 

compound is produced by the action of aniline on perchloroquinone, according to the 
equatibn : 

C*C1«0* + 4COTN - C ia H uCMTO* + 2(C«H*N.HCi). 

It was first obtained by Hess© (Ann. Ch. Pharm. eativ. 292; Jahresb. I860, p. 283). 
who regarded it as dicnloro-qiynoyl-pentaphenyl-pentamide ; but Hofmann (toe* pit*) 
has shown that its true formula is that above given. It forms brown-black crystals, 
sublimable, insoluble in water and in eeld alcohol, ether, hydrochloric aetd, and 
Vol V. D 
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alkalis, bit soluble in benzene, by which it may be separated from another substance, 
formed in the same reaction. (Hesse.) 

QimrOYUC ACn>,or Quinmio acid, ( C ‘ H2 0’)"| q* is not known, but its 
dicblorinated derivative has been obtained. 

Dichloroquinoylic acid, C c H 2 CP0 4 = ^ j O 3 . — Dichloroquinonic acid [ 

Chloranilic acid (Erdmann, J. pr. Chem. xxii. 281). — Produced by the action of 
potash on pcrchloroquinone, dichloroquinoylamidc, or dicbloroqui n oylamic acid On 
adding hydrochloric acid to a solution of pcrchloroquinone in warm potash-ley the 
liquid turns red, and deposits dichloroquinoylfc acid in yellowish-white nacreous scales 
which, when collected on a filter and viewed in mass, exhibit the colour of minium ’ 

. crystallised acid contains 7; 1 per cent. (=, 1 at.) water of ciystallisation which 
it gives off at 115°; when heated in a test-tube it partly sublimes imaltered, but a con- 
siderable portion turns brown and decomposes It dissolves in water, forming aviolet 
solution, from which it is precipitated by sulphuric or hydrochloric acid ® 
Eichloroquinoylic acid is dibasic. 

The poUmium-ealt, C«K’C1*0‘IF0 is deposited in crystals from a solntion of per- 
chloroqumone in warm caustic potash on cooling, and so completely that the mother- 
liquor retains only a very faint reddish or brownish tint. It is purified bv 
satiou from water. The eiystnls do not give off their water at 100° The 
on platinum-foil burns with slight detonation, giving off purSe tLJb It 
in water and alcohol, with purple colour, inclinSg to%iolft “ ^T lta 
aqueous solution precipitates several metallic salts.— The neutral 7 7/ lf 

5fsiu^t Mtioauf a ' lueOT9 “ a on P^oipqui^^XCtk;^ 

salt, arc not, precipitated by dichloroquinoylato of potassium ’ 8nd /« w «* 

*errw dwhloroquinaylate is a blackish precipitate, obtained with ferric nitrate Th« 
cupric salt is a greenish-brown, tho lead-salt a brown precinitate The 
is a yellowish-brown precipitate obtained with mercurous mtrate ^ 

gives no precipitate.— The silver-salt , CA^CFO*, is a browSred ^WnW MOrid '° 
pittite, which dissolves but very slightly in water, forming a reddifh^oluti™ 

denominated quinta essentia on account of its enliven! a* action Thl*^ • y ^ o1, 
also used to denote the therapeutic constituents of ^jTbsZce ,S ' , °‘ net,mes 

QtrnVTO. Prefix synonymous with Pbnta. 

cal*™*' The SaVMfifJi *« 

brownish-yellow, olive-green by reflected 'light, aid has » apedfe ^yTo^Sfl. 1 * ” 


R 

BAOBMXO AOXS. C'E’O* - ( C< H 2 0 5 )'’ > _ 

~ . . . . , H* £ 0 ' Paraiari “ru acid. Umc add. 

bvr^x^s^d Syirite utter 

power of circular polarisation, whereas racemic addls'onHMn^* *?- 4 “2” lbi,in 8 ^ 
separated into equal quantities of dextrot # ^ ln ^ cfciv ^ hut may be 
equal and opposite actions on polarised light There if * C . lds ' exertin g 

TaRSIStSSS 

d&ff" * “™ 1 1 — * «-*» “ta 
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ether, and on the dextrotartrate ov lsevotartrafce of quinine or cinchonine (Pasteup 
Ann. Oh. Pharm. lxxii. 164, lxxxviii. 211). — 3. By heating inactive tartaric add to 
200°, or by boiling it with hydrochloric acid (Bessaignes, Bull. Soc. Chim. 1865, 
1. 34).— 4. From cane-sugar and other carbohydrates, and from mannite, dulcite, sorbing 
mucic acid, and saccharic acid, by oxidation with nitric acid, sometimes alone 
sometimes together with tartaric acid (Carlet, R6p. Cliim. pure, ii. 346; iv. 17.— I 
Hornemann, J. pr. Chem. lxxxix. 283; Jahresb. 1853,'p. 380). The following are 
the relative quantities of tartaric and racemic acids produced by oxidation of dif- 
ferent carbohydrates and of saccharic and mucic acids (Hornemann): — 



In 100 pts. of acid. 


Tartaric. 

Racemic. 

Milk-sugar 

• . . 65*4 

446 

Gum 

63-0 

370 

Cane-sugar . . 

69'7 

40*3 

Starch 

100 

, , 

Bextroglucose . 
Lsevoglueose 

... 100 

ioo 

Saccharic acid . 

.’ 72*6 

274 

Mucic acid 

? 

100 


If or nem aim’s experiments confirm the supposition of Liebig (Jahresb. I860, p. 
281) and of Heintz {ibid, 1860, p. 269), that the formation of tartaric acid from 
sugars by oxidation is preceded by that of saccharic acid, and the formation of racemic 
acid by that of mucic acid. 

6. By boiling dibromosuccinate of silver with water (Perkin and Duppa, Chem. 
Sac. Qu. J. xiii. 102) : 

C 4 H 2 Ag 2 Br 2 0 4 + 2H 2 0 - C 4 H*O fl + 2AgEr. 

6. By heating an aqueous solution of racemo-carbonic (desoxalie) acid, or a dilute solu- 
tion of its ethylic ether slightly acidulated with sulphuric acid, to 100° in a scaled tube 
for a considerable time : <>H 6 0 8 = CO 2 + CWO® (Lowi g, Jahresb. 1861, p. 606). 
The acid obtained by the last two processes has not, liowover, been actually separated 
into dextro- and lsevotartaric acid, so that it may possibly bo inactive tartaric acid. 
The calcium-salt of the acid obtained from dibromosuccinic acid differs, also, in some 
respects from that of natural racemic acid. (Kekul6, p. 37.) 

Preparation. — 1. From crude tartar. Racemic acid accumulates in the mother- 
liquors obtained in the refining of tartar ; and when those mother-liquors are treated 
with chalk, and the insoluble calcium -salt thus produced is decomposed by sulphuric 
acid, an acid liquid is obtained, which when coficentratedjdelds crystals of racemic 
and tartaric acids. In most cases the tartaric acid forms the greater part of the 
product, and is deposited in large transparent crystals, the spaces between which are 
more or less filled up with small, white, opaque needles of racemic acid. By separating 
these needles, dissolving them in water, and evaporating, the racemic acid may be 
obtained in large crystals. 

*2. From tartrate of cinchonine. — This salt (either the dextro-'or the Jaevo- 
tartrate), when subjected to a gradually increasing temperature, is first converted into 
tartrate of cinchonicine (i. 971); and if the heat be continued, the cinchonicine gives off 
water, and is transformed into cinchonidine, while the tartaric acid likewise undergoes 
alteration, and after exposure for five or six hours to a heat of 170°, is partly con- 
verted into racemic acid. To extract this acid, the black resinous mass is treated 
several times with boiling water ; the filtered liquid is mixed with excess of chloride of 
calcium ; the racemate of calcium thereby precipitated is decomposed by dilute sulphu- 
ric acid ; and the filtrate is concentrated to the crystallising-point. (Pasteur.) 

Part of the racemic acid formed in the process just described is further converted 
into inactive tartaric acid, the quantity of the latter increasing as the heating is pro- 
longed; and if the solution obtained as above be filtered immediately after the addition 
, of the calcic chloride, the inactive tartrate of calcium, which is more soluble than the 
racemate, remains in the mother-liquor, and separates after 24 hours quite free from 
racemate. By decomposing this salt with sulphuric acid as above, and concentrating 
the solution, the inactive tartaric acid may be obtained in crystals. Now Bess aigne s 
has lately shown (Bull Soc. Chim. 1865, i 34), that this acid in the free state is 
partially converted by heat into racemic acid, although, when the latter is in combina- 
tion with certain oiganic alkaloids, the opposite transformation takes place. If the 
inactive tartaric acid, after being dried, be heated in a retort to 200 6 , tfll About a 
third of it has passed off in the form of volatile products, .distillate is obtained, 
consisting chiefly of pyrontcemic acid (iv. 770), ana the residue conrist^partiyof 
mcemic, partly of nnaHered inactive tartaric acid. On dissolving this residneiii 
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vat^r. and half neutralising with ammonia, acid racemate of ammonium ciystallisea 
out first while the more soluble inactive tartrate, constituting about two-thirdsof the 
whole, remains dissolved. Inactive tartaric acid may also be partly converted into 

racemic add by boiling with hydrochloric acid. T7*n 

Properties.— Racemic acid forms hydrated crystals, C H*0 .H O, belonging to the 

triclinic sytem. Dominant combination : cc',P * 00 P 00 . ooP/ . ocpco . . ¥,<*>• F,oo » 

sometimes with oP, F, and ^oo . Angle F oo : ocP«> - 3f ; 'Foo : ooPoo - 

123° 32': ooT: oo P» « 110° 43'; _a/P : Poo «= 129° 61_; ooPoo : <»F, « 
162° 64'; ooP': ooPoo -= 14.6° 30'; F oo : P,oo «* 111 0 67' ; Fco : coP, **113° 
32 r • P oo : oo'P *= 107° 28'; 'P'oo : ooPoo *= 84° 26' ; 'j? oo : oo'^P ■« 120° 32 . Ratio 
of axes, a: b:c — 0*48434: 1 : 0*80602. Angle a = 120°; £ — 96° 19'; 7 « 
76° 6'. (De la Provostaye, Ann. Oh. Phys. [31 iii. 131.) 

The crystals have a specific gravity of 1*690 (Baignet, Jahresb. 1861, p. 16) : they 
effloresce slowly on exposure to the air, give off all their water of crystallisation at 100°, 
dissolve in 6*7 pts. water at 16°, and in 48 pts. cold alcohol of specific gravity 0*809. 
In these respects racemic acid differs considerably from tartaric acid, which forms 
anhydrous monoclinic crystals, much more soluble in water than those of racemic acid. 

Towards reagents racemic acid bohaves for the most part like tartaric acid. Its 
calcium-salt is, however, less soluble than the tartrate, so that racemic add precipitates 
a solution of gypsum, whereas tartaric acid does not. Racemate of calcium is likewise 
insoluble in acetic acid, whereas the tartrate is soluble. On adding ammonia to a 
solution of calcic racemate in hydrochloric acid, a crystalline precipitate is formed in 
a few seconds ; whereas with the tartrate, the precipitation does not take place for 
several hours. 

Racemic acid when heated above 100°, remains unaltered up to 200°, and then yields 
the same products as tartaric acid ; being converted, before complete decomposition 
takes place, into tartrclic acid, tartralic acid, and other products formed by abstraction 
of water, which, however, have not been completelyjnvestigated. (See Tartaric Acid.) 

When a solution of neutral racemate of ammonium is mixed with a small quantity 
of the soluble portion of beer-yeast, or an albuminous body, a vegetable extract, or 
any animal liquid, and exposed to a temperature of 30°, fermentation takes place, 
and the whole of the racemic acid is converted into lsevotartaric acid (Pasteur, 
Jahresb. 1868, p. 248). The same transformation is produced when add racemate 
of ammonium is fermented under the influence of Penicillium glaucvm . (Pasteur, 
Jahresb, 1860, p. 260.) 

Racemafte*. Racemic acid, like tartaric acid, is tetratomic and dibasic, the 
formulae of the racemates containing monatomic metals being : 

H* 1 

Neutral Racemates OHW - (C 4 H ? 0’)‘* 10*. 

M a y 

h* ) 

Add HacemateB C'H'MO* ** (C 4 H a O*)^ lO«. 

HM J 

With diatomic metals it forms only neutral salts, C 4 H 4 M"0®. 


The racemates are very much like the corresponding tartrates, but their crystalline 
forms aro always holohedral, and ’their solutions exert no action on polarised light; 
whereas the tartrates are hemihedral, and exhibit circular polarisation (see Light, iii. 
675). Most of the racemates haw* been analysed byPresenius (Ann. Ch. Pharm. 
xli. 1; liii. 230). ' 

Racemates of Ammonium. — The neutral salt , C*H 4 (NH 4 )*0®, obtained by spon- 
taneous evaporation of a solution of the acid neutralised with ammonia, crystallises in 
rhombic prisms exhibiting the dominant combination, coP . ooP2 , ocPoo , P . Poo . 
gPco. Angle ccP: 00 P « 99° 30'; 00 P : oof*2 » 160° 60'; Poo : Poo 118° ; 

P co : |Pco « 169°. Ratio of axes, a : 6 : 0 — 0*5087 : 1 : 0*8466. The crystals when 
exposed to the air become dull, and give off ammonia : they are very soluble in water, , 
nearly insoluble in alcohol. — The acid salt , C 4 H*(NH 4 )O a , is precipitated as a crystal- 
line powder, on neutralising 1 pt. of racemic acid with ammonia, and adding an equal 
quantity of the acid. It dissolves in 100 pts. water at 20°, and in a much smaller 
quantity of boiling water. It reddens litmus, and is insoluble in alcohol. From an 
aqueous solution slowly cooled, it crystallises in monoclinic prisms, often assuming the 
tabular form from predominance of oP. The decomposition of the racemates of ammo- 
nium by fermentation has been already described. 

Raceme te of An timong.— White granular precipitate, ‘obtained by adding alcohol 
to a solution of antimonious oxide in aqueous racemic acid. (Berzelius.) 

Piptassio-antimonious Racemate , 2C*H l (SbO)KO®.H*0, is ob tain ed by saturating a 


* ..... 

boiling solution of acid racemate of potassium with antimonioua oxide, and crystallises 
on coming from a saturated solution in monoclinic prisms terminated by the facets oi 
a very obtuse octahedron. Observed combination, ooP . $P. Angle ooP: ooP _ 850 
20'; 00P: £P - 118° X ; : JP = 140° ; the same behind = 142° 65'. Axes, 

a : h : o — 1’074 : 1 : 0*9217 (De la Provostaye). Like tartar-emetic, after drying 
at 100°, it loses 5*5 per cent, water at 260°. 

Racemates of Arsenic and the Aik all- metals. — These salts are prepared 
by adding to a boiling Bplution of a neutral racemate of alkali-metal, first a small 
quantity of arsenious acid, then racemic acid, and so on alternately till a sufficient 
quantity of the double salt is produced, while a large excess of acid racemate of the 
alkali-metal remains in solution. On evaporating the liquid, the double salt and the 
acid racemate are deposited separately. — The ammonium-salt , 2C < H 4 (Afl0)(NH 4 )0 - .IF0, 
forms small efflorescent crystals, soluble in 10*6 pts. of water at 15°. Its solution is 
decomposed by evaporation into arsenious acid and acid racemate of ammonium. — The 
potassium-salt , 2C 4 H 4 (Aa0)K0®.-3H 2 0, forms well-defined nacreous crystals, which 
effloresce and give off 4*23 per cent, water at 100°, the remainder of the crystallisation- 
water between 155° and 170°. — The anhydrous salt may be heated* to 250° without 
alteration, but at 253 0 it gives off water and empyreumatic pro dncts. It dissolves in 
a very small quantity of hot water, but the solution is partially decomposed by evapo- 
ration, acid racemate of potassium being deposited, while arsenious acid remains 
in solution. The crystals dissolve in 796 pts, water 16°. — The sodium-salt, 
2C 4 H 4 (As0)Na0 a .5H 2 0, forms large non-efflorescent crystals, which dissolve in 14*6 
pts. water at 19°, give off fths of their crystal] iaat ion- wu ter at 100°, and the remainder 
at 130°. (Werther, J. pr. Chem. xxxii. 385.) 

Racemate of Barium , 2C 4 H 4 Ba"O a 5H*0. — Racemic acid forms with baryta- 
water, white flocks, which dissolve in excess of the acid ; but the solution soon becomes 
turbid, and deposits the whole of the barium-salt as a crystalline precipitate. The 
same precipitate is formed on mixing racemate of sodium with chloride of barium. 

Racemate of Calcium, C 4 H 4 Ca"0 a .4H?0. — Obtained in the same manner as the 
barium-salt. Aqueous racemic acid also gives a precipitate after a while, with sulphate 
of calcium. Racemate of calcium assumes the form, either of an amorphous precipitate 
or of fine needles. The crystals give off their water (27*75 per cent.) at 200°. The 
Balt is nearly insoluble in cold water, but dissolves in hydrochloric acid, and is precipi- 
tated therefrom by ammonia. It is insoluble in acetic acid, and likewise in excess of 
racemic acid, after it has become crystalline. The calcium-salt of racemic acid pro- 
duced from dibromosuccinic acid (p. 35), crystallises from boiling water in cubic 
crystals containing C 4 H 4 Ca"0*.3H*0, whereas that of natural racemic arid separates 
from boiling water in small white prisms containing 4 at. water. The artificial calcic 
racemate, when dissolved in hydrochloric acid and precipitated by ammonia, likewise 
forms prisms with 4 at. water, but on recrystallisation from boiling water it assumes 
the cubic form with 3 at. water. The calcium-salt of the artificial acid is also some- 
what more soluble in water than that of the natural acid. (KekuU, Jahresb. 1861, 
p. 364.) > . 

Racemates of Chromium . — The violet solution of chromic hydrate in racemic 
acid leaves on evaporation a violet crystalline mass soluble in water ; alcohol added to 
this solution throws down a violet basic salt, which blackens in drying, and dissolves in 
water only cn addition of racemic acid. — With potash, racemate of chromium forms a 
solution which leaves a dark-violet mass on evaporation, and is completely precipitated 
by lime-water. 

Racemate of Cohalt. — The solution of recently precipitated cobalt-oxide in 
racemic acid, yields by evaporation a pale red crystalline crust, soluble in water 
containing racemic acid ; it dissolves also in potash, forming a violet solution, which 
on dilution deposits a dingy-blue precipitate. - , 

Racemates of Copper . — a. The cuprous salt is obtained by digesting cuprous 
oxide with racemic acid in a tightly-closed vessel. It is moderately soluble in water, 
and is deposited on cooling in colourless rhomboidsl prisms. When exposed to the air 
it is converted into the cupric salt. 

0. Cupric Racemates. — A mixture of the hot solutions of racemic acid and 
‘cupric sulphate, deposits, after a while, pale-green tabular crystals. A dilute solution, 
of cupric acetate forms with racemic acid pale-blue needles, containing C 4 H 4 CtTO - . 2H*0 
This salt gives off its water at 100°, dissolves sparingly in water, easily in hydro- 
chloric acid; the solution when mixed with potash assumes a fine blue colour, and is 
not decolorised even at the boiling heat. Alkaline racemates form a green precipitate 
with enpric salts. * - 

Cupric racemate dissolves in caustic alkalis and alkaline carbonates. On . adding' 
alcohol to a saturated solution of the salt in caustic soda. dark-blueneedfr-shapea 
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<ervat*I( are deposited on the sides of the vessel, M.d light-Wtte table* at the^bottom ; 
Cth cossistingof the salt, C<H<N a *0‘.Cu'0.4H«0, sparingly soluble inodld, more 
Viable in boiHng water, and depositing cuprous oxide when boiled with excess of 

Bactmatet of Iron .— Ferric hydrate dissolves in racemic acid, an insoluble basis 
salt being formed at the same time. The solution when evaporated leaves a brown 
amorphous mass, easily pulverised, very soluble in water, not precipitable by alkalis. 
With potash, ferric racemate forms a dark-brown, granular, deliquescent double salt. 


Soluble in racemic acid. 

Racemate of Lead, C 4 IFPb"O fl (at 100°).— On adding racemic acid drop by drop 
to a hot solution of lead-acetate as long as the precipitate redissolves, and cooling the 
filtrate, racemate of lead is deposited in shining grains or delicate needles , soluble m 
hut aqueous racemic acid. 

Racemate of Magnesium, 0 TPMg'O 9 . 5WO.—A solution of magnesium-carbo- 
nate in the boiling aqueous acid deposits this salt on slow coolingin small right 
rhomboidal prisms ; by quick cooling or prolonged evaporation as a white powder. It 
effloresces in dry air, gives off 4 at. (27‘24 per cent.) water at 100°, the rest without 
decomposition at 200°. It dissolves in 120 pta. water at 19°, in a small quantity of 
boiling water, is insoluble in alcohol, dissolves in racemic acid,' but the solution 
deposits nothing but the neutral salt and the free acid. 

A saturated solution of magnesium-carbonate in an acid racemate of alkali-metal 
yields by slow evaporation, a syrupy mass, which gradually changes on cooling to an 
amorphous double salt, from which water extracts but a small quantity, of alkaline 
racemate, even at the boiling heat. 


Racemate of Manganese , C 4 H 4 Mn"0®.H*0. — Obtained by evaporating a solution 
of manganous acetate mixed with racemic acid, in yellowish-white crystals, per- 
manent in the air even at 100°, slightly soluble in water, easily soluble in acids and 
alkalis. 


Racemate of Mercury. — Racemic acid forms with mercurous nitrate, a white 
heavy precipitate, which becomes coloured on exposure to light, is insoluble in water 
und in racemic acid, but soluble in nitric acid. 

Racemate of Nickel , C 4 H 4 Ni"0 8 .5H 2 0, is obtained, like the manganous salt, in 
green needles, which effloresce slowly at ordinary temperatures, rapidly at 100°. It is 
but slightly soluble in pure water, more soluble in water containing racemic acid. 

It dissolves with green colour in potash, also in hot aqueous carbonate of sodium, 
the liquid solidifying to a gelatinous mass on cooling. 

Racemates of Potassium. — The neutral salt , C 4 H 4 K 2 0 8 .2H*0, crystallises by 
slow, evaporation, according to Pasteur, in six-sided tables belonging to the trimetrie 
system, and exhibiting the combination oP . obtoo , oop. Angle <x>P<x> : ooP ■» 
128° 20'. According to v. Lang, on the other hand (Wien. Akad. Ber. xlvi. [2] 31 ; 
tlahresb. 1862, p. 305), the crystals (with the same amount of water) are monoclinic, ' 
exhibiting the combination ooPoo , [ooPoo] . oR. [Poo 1 . [2Poo] . ooP . ooPJ . — P . 

+ P . +P2. Axes a : b : c = 1 : 0*9134 : 0*7586. Angle of inclined axes ** 92° 35' , 
[Poo] : [ ooPoo ] _ 97° 9'; [2Poc ] . [ooPoo] = 146° 35'; [2Poo ] : oP - 122° 56', 
ooP : ooPoo « 137° 57'; ooP : oP = 88° 6'; ooPf : oP « 87° 43'; -P : oP = 
132° 43'. The crystals dissolve in 0*97 pt. water at 26°, are nearly insoluble in alcohol, 
and give off all their water at 100°. Mineral acids or racemic acid added to the solu- 
tion throw down the acid racemate. — The acid salt , obtained like the corresponding 
ammonium-salt, forms crystals soluble in 180 pts. of water at 19°, in 139 pts. at 25°, 
and in 14*3 pts. of boiling water ; it is insoluble in alcohol, but dissolves easily in 
mineral acids. 

Racemate of potassium and ammonium , C 4 H 4 K(NH 4 )0 8 , is obtained by slow evapo- 
ration of a solution of the acid potassium-salt saturated with ammonia, in acicular, 
longitudinally striated, rhombic prisms, having the angle cotoo : oeP ■■ 180° 46', and 
not modified at the ends. (Pasteur.) 

A raccmohcrate of potassium is obtained, according to Fresenius, by evaporating a 
solution of 1 at. boric acid and 2 at. acid potassic racemate, at 100°, as a white, acid, 
almost crystalline, friable mass, very soluble but not deliquescent. Similar products 
are obtained by evaporating a solution ,of borax and acid racemate of potassium, or 
sodium, (Fresonius.) 

Racemate of Silver, C 4 H 4 Ag*0* — When a warm moderately strong solution of, 
the acid potassium-salt is added to a solution of Bilver-nitrate heated to 80° or 85°, till 
the precipitate begins to ho permanent, the liquid on coding deposits racemate of 
silver^Jn fine shining peal os, less soluble in water than the tartrate, soluble in 
ammonia.' * 




Racemates of Sodium.— The netitrat wit, C 4 K 4 Na , O i , crystallises readily la 
anhydrous rhombic prisms soluble in 2*63 pts. of -water at 25°, insoluble in alcohol — 
The acid salt , C^NaO* H*0, is precipitated by alcohol from a mixture* of equivalent 
quantities of the neutral salt and racemic acid, and may be obtained, by reerystollisa- 
tion from water, in monoclinic prisms with striated faces. It has a pleasant acid taste, 
gives off its water (9-41 per cent.) at 100°, dissolves in 11-3 pts, water at 19°, in a 
much smaller quantity of boiling water, but is insoluble in alcohol 

Sodio-ammonw and Sodio-potassic racemates exist only in solution, being separated 
by recrystallisation into mixtures of equal quantities of the corresponding dextro- and 
liEvatartrates. 

Eacemate of Stront ium, C 4 H 4 Sr"0 8 .4H a 0. — Precipitated by racomic acid, from 
strontia-water in white flocks, and by the neutral potassium-salt from chloride of 
strontium, as a crystalline precipitate. It gives off its water (22*87 per cent-.) at 100°, 
is nearly insoluble in cold, and only slightly soluble in boiling water ; dissolves easily 
in hydrochloric acid, but is insoluble in acetic acid. 

Eacemate of Thallium forms small, closely-aggregated, easily soluble crystals, 
resembling those of the neutral ammonium-salt. ooP : orP = 100°. (L>e la 
Provost aye, Ann. Oh.'Pharm. cxxvi. 79.) 

Eacemate of Tin is very soluble and crystallisable. 

Eacemate of Zinc. — Racemic acid dissolves zinc with evolution of hydrogen, and 
the solution yields by evaporation colourless needles of racemate of zinc. Kacemic 
acid forms with acetate of zinc, a gelatinous precipitate, nearly insoluble in water and 
difficult to dry. • 

ETltroracemlc acid. C 4 H 4 (N0 2 )*0 8 . (Dessaignes, J. Pharm. [3] xxxii. 46). — 
Prepared by quickly dissolving perfectly dehydrated and finely pulverised racemic acid 
in lukewarm nitric acid of specific gravity 1*52, and mixing the decanted solution with 
half its volume of strong sulphuric acid. The resulting magma dried between bricks under 
a bell-jar, forms a light white silky mass, the saturated solution of which in lukewarm 
water yields, when filtered and cooled to 0°, nacreous prisms, thinner and shorter than 
those of nitrotartaric acid. It has no action on polarised light. In aqueous solution 
it decomposes, giving off gas and yielding tartronic acid, together with other products. 
It dissolves Without decomposition in absolute alcohol, and crystallises therefrom by 
spontaneous evaporation, in small plates composed of microscopic crystals. It forms a 
precipitate with basic acetate of lead, but not with acetate of potassium, calcium or 
lead, or nitrate of silver. The ammonium-salt decomposed by sulphydric acid, ‘yields 
racemic and tartaric acid. 

RACEMIC ETHERS. The only known compounds of this group are the acid 
racemates of ethyl and methyl. 

Ethyl-racemic acid t or Raccmovinic acid, C^H^O* *■» CMH^OTI^O® (Gufirin- 
Varry, Ann. Ch. Phys. [2] lxii. 77). — Produced by boiling 4 pts. absolute alcohol 
with 1 pt. of racemic acid, and cohobating the mixture in a retort at a gentle heat till 
the liquid evaporated to a syrup no longer deposits any solid matter on cooling. It is 
then diluted with water, and saturated with carbonate of barium ; the filtrate Is evapo- 
rated at 50° or 60° ; and the crystallised ethyl-racemate of barium thus obtained is 
decomposed by sulphuric acid. 

Ethyl-racemic acid crystallises in colourless elongated prisms with obliquely inclined 
bases, deliquescent, very soluble in water and in alcohol, insoluble in ether. The solu- 
tion has no action on polarised light, and is decomposed by ebullition into alcohol 
and racemic acid, which crystallises out. 

Ethyl-racemic acid is decomposed by dry distillation, yielding alcohol, water, o thy lie 
acetate, acetic acid, ethylene gas, pyroracemic acid, &c. — Eitnc acid converts it into 
acetic, carbonic, and oxalic acids. Its solution dissolves zinc and iron, with evolution 
of hydrogen ; yields with potash a pulverulent precipitate, and with soda an opaline 
precipitate, which appears just before the liquid becomes neutral, and increases with 
the quantity of acid added. When added drop by drop to baryta-water, it forms a pre- 
cipitate* which diminishes as the liquid approaches neutrality, but reappears when the 
acid is added in excess. .The precipitate is soluble in nitric acid. — With lime-water 
ethyl-racemic acid forms a precipitate insoluble in water, and in excess of the acid, 
but soluble in nitric acid. The acid does not produce any, turbidity with calcic or 
sodic sulphate. It forms a white precipitate with acetate qf, lead, and with a concen- 
trated solution of nitrate of silver. 

Ethyl-racemic acid is monobasic. Its salts crystallise, but not so well as the 
ethyl-tartrates : some of them contain water of crystallisation, Which they give off in a 
vacuum. — The barium-salt, C* *H i# Ba"0 ,a . 2H*0, crystallises tn small prismi^tamuiged 
in nodular groups. It is much more soluble in hot than in cold water, ii^opjble in 
absolute alcohol and in ether.— The potassiwn-salt^ fwfiCpnsn^ 



mpmttV monoellnie, gives off 7*56 per cent water fa vacuo.— The silver-salt, 
StPAgO*, crystallises in prisms slightly soluble in cold water, decomposing at 100°. 

Metkyl-Pacemic acid, C*H*0* » C 4 H*(CH*)O e (Gu6rin -Tarry, loc. cit .) — 
IPrepared by dissolving 1 pt. of racemic acid m 1 pt. of methylic alcohol, at the* 
boil in g heat, evaporating to a syrup at a temperature below 100°, • leaving the 
syrup to evaporate freely, and drying the resulting crystals in a vacuum. It forms 
colourless rectangular prisms truncated on the longitudinal edges, and passing 
into rhomboidal prisms. It dissolves easily in water \ alcohol , and wood-spirit, 
s ligh tly in ether. By boiling with water, it is resolved into methylic alcohol and race- 
mic acid. Its aqueous solution decomposes sine and iron, with evolution of hydrogen. 
With baryta-water , it forms a precipitate soluble in excess of. the acid, and in water ; 
with lime-water, it forms a precipitate composed of radiate groups of acicular prisms, 
.insoluble in excess of the acid. Methyl-racemic acid does not precipitate caustic 
soda or carbonate of sodium. 

Methyl-racemate of Barium , C ,0 H l4 Ba' 0 l *.4H*0, crystallises in monodinic prisms, 
which give off part of their crystallisation-water on exposure to the air. When not 
effloresced, it softens at 60°, and at 100° gives off vapours, which condense in beautiful 
crystalline laminae. It is more soluble in hot than in cold water, insoluble in alcohol 
and ether. — The lead-salt is precipitated on pouring methyl-racemic acid into a solu- 
tion of lead-acetate ; the precipitate redissolves in excess of acid. — The potassium-salt , 
2C 4 H r K0*.H*0, forms rectangular prisms, which are decomposed, by prolonged ebulli- 
tion with water, into methylic alcohol and acid racemate of potassium. Methyl-racemic 
acid added to aqueous potash forms a pulverulent precipitate soluble in a large quan- 
tity of water. — The silver-salt, C a H 7 AgO°, is precipitated on adding methyl-racemic 
acid to a moderately concentrated solution of silver-nitrate ; it is soluble in excess of 
methyl-racemic acid. 

RACEKOCARBOirZC ACX2>. Desoxalic acid, C*H*0* = (C’ffOTJo-. 

(Lowig, J. pr. Chem. lxxix. 455 ; lxxxiii. 129 ; lxxxiv. 1 ; Jahresb. 1860, p. 404 ; 
1861, p. 601.) — This acid, which contains the elements of racemic acid and carbonic 
anhydride <C 5 II 8 0 8 = C‘H 6 0 - + CO 2 ), is produced in the form of an ethylio ether, 
by the action of sodium-amalgam on ethylic oxalate. It is probably formed by the 
deoxidation of oxalic acid, thus : 

6C a H 2 0 4 + H 2 0 - 0» - 2C*H«0 8 ; 

whence the name desoxalic acid ; but the reaction is complicated, yielding a number of 
products which have not been thoroughly investigated. . . 

Preparation. — An amalgam of 30 grms. sodium and 800 to 2,000 girms. mercury is 
agitated in a glass cylinder with about an equal part of ethylic oxalate, the mass being 
kept cool by occasionally plunging the vessel into cold water; the resulting unctuous 
mass is stirred up with ether, the liquid is decanted from the mercury ; the residue is 
treated several times more with ether ; the united ethereal liquids are left at rest for 
a while ; and the clarified solution, decanted from the sediment, is repeatedly and vio- 
lently agitatod with small quantities of water, till a pasty mass no longer separates 
from it, and the ethereal solution rises to the surface free from colour. This ethereal 
solution, when freed from the greater part of the ether by distillation, and left to eva- 
porate in a warm place, deposits, after a while, large transparent shining crystals of 
ethylic racemocarbonate, which increase in quantity on further evaporation, while 
the uncrystallisable portion thickens to a yellow syrup. 

The ethylic racemocarbonate may be converted by heating with carbonate of potas- 
sium, or by treatment with caustic potash, into alcohol and racemocarbonate of potas- 
sium ; the solution of this salt, precipitated by nitrate of lead, yields the corresponding 
Jead-salt; and this, when decomposed by sulphuretted hydrogen, yields racemocar- 
bonic acid, the filtered solution of which may be made to crystallise^ by first evapo- 
rating it at a gentle heat over the water-bath, and then leaving it under a bell-jar over 
oil of vitriol. 

Properties and Reactions. — Racemocarbonic acid thus obtained is a dry crystalline 
mass, yielding a dazzling white powder. It is very soluble in water and in alcohol, 
and deliquesces in the air. It softens at the heat of the water-bath, and at a somewhat 
high temperature becomes dark-coloured; swells up, giving off an odour like that of 
burnt tartaric acid ; then carbonises, and burns with a faintly luminous fame, leaving 
no residue. When its dilute aqueous solution is heated for some tim e to 100° in a 
sealed tube, it splits up into racemic acid' and carbonic anhydride. 

Racemo carbonates, — Racemocarbonic acid is tribasic, the formula, of its neutral 
salts being C 4 H , M , O ft . It likewise forms acid and basic gaits* — The neutral potassium- 
sail, 0*B?K*O* formed by direct neutralisation, or by decomposing the ethylic ether 
with caustic potash, os boiling it with pqtassic carbonate, remains, on leaving its 
aqueous solution to evaporate, as a gummy mass, which becomes crystalline after rtand- 
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ing over oil of vitriol, and dries up at 100° to a white porous mass. The solution yields 
the barium-, lead-, and silver-salts by double decomposition— An acid potassium-salt, 
C 5 H 4 K*0* is obtained by decomposing the ethylic ether with a solution of potash in 
absolute alcohol, as a viscid mass, which dries up to a dazzling white powder, becom- 
ing moist on exposure to the air. The same salt is obtained in shining white crystal- 
line crusts, by supersaturating a solution of racemocarbonic acid in potash with acetic 
acid. It has a slightly sour taste, dissolves in 19*4 pts. water at 16°, and does not 
decompose till heated above 100°. — The neutral sodium-salt is very soluble, and decom- 
poses at 130°. — The barium-salt, , C l *H 8 Ba l O M , and th e calciums alt t C , *H l Ca l O w .3H*0 ( 
are white powders. When racemocarbonic acid is mixed with excess of lime-water, 
and the bulky precipitate is dissolved in a few drops of hydrochloric acid, the solution 
instantly yields with ammonia a flocculent precipitate of 'calcic racemocarbonate, 
whereas the racemate is precipitated under similar circumstances as a heavy crystalline 

powder, and only after the lapse of a few seconds. — The neutral lead-salt, C ,i H f Pt*O l# , 
is when dry, a dazzling white powder, not quite insoluble- in hot water. It appears to‘ 

retain 1 at. water at 100°. — A basic lead-salt , C ,t> H e ^b 5 0 ,fl .C lc H*Pb‘ , 0 ,fl , is obtained as 
a bulky precipitate, by heating the aqueous solution of the ethylic ether with basic 
acetate of lead. — The neutral silver-salt, C 5 H 8 Ag*0®, is a white precipitate, soon turning 
black when moist, slightly soluble in water, easily soluble in dilute nitric and in racemo- 
carbonic acid, the latter solution depositing a mirror of silver on standing. — A some- 
what more soluble acid silver-salt , C 4 H 4 Ag v O # , is obtained by precipitating the corre- 
sponding potassium-salt with nitrate of silver. — The precipitates formed in the solution 
of the neutral potassium-salt by the sulphates of zinc, copper, and manganese , dissolve 
in excess of the precipitant 

Etkylio Racemocarbonate , C ,l H ,B O g =» C 4 H*(C*H 5 ) , 0 8 , prepared &b above 
described, forms large, transparent, colourless, highly lustrous crystals, which resemble 
chlorate of sodium, but do not appear to belong to the regular system. They retain 
their lustre for months, dissolve in 10 pts. water at 16°, also in alcohol and ether, 
have no odour, but a strong purely bitter taste, melt at 85°, forming a liquid which 
solidifies again at 85°. When the fused compound is exposed for some time to tho 
heat of boiling water, it remains after cooling as a thick oily liquid, which does not 
solidify for a considerable time. The ether may be sublimed by careful heating in a 
glass tube, but if heated for some time to 140° — 160°, it yields on cooling (without 
loss of weight) a perfectly colourless, syrupy, extremely bitter mass, which no longer 
solidifies. When distilled in a retort, it leaves only a trace of carbonaceous residue ; 
the distillate is oily, has a bitter taste, and does not appear to contain racemocarbonia 
acid. j, 

Ethylic racemocarbonate heated with baryta-water, caustic alkalis, or alkaline car- 
bonates, is decomposed, yielding alcohol and a racemocarbonate of barium, dec. (p. 40), 
When a dilute solution of the ether, slightly acidulated with sulphuric or hydrochloric 
acid, is heated to 100° in a sealed tube, the racemocarbonic aeid is resolvedrinto car- 
bonic anhydride and racemic acid. If, on the other hand, a concentrated solution of 
the ether is used, only partial decomposition takes place; andLowig thinks it probable 
that an acid intermediate between racemocarbonic and racemic acid, or perhaps a com- 
pound of the two, may be formed. When a dilute solution of ethylic racemocarbonate 
containing a little sulphuric or hydrochloric acid, is boiled in a platinum dish, scarcely 
any gas is evolved,- so long as the water lost by evaporation is renewed ; but on subse- 
quently concentrating the liquid, it becomes darker and gives off gas. The syrupy 
liquid remaining, after the hydrochloric acid has been completely expelled, solidifies on 
cooling to a brittle friable mass, easily soluble in water ; and if the concentrated solu- 
tion be left to evaporate, a tolerably abundant crystallisation of racemic acid is 
obtained ; the greater part, however, forms a syrupy acid, which dries up over oil of 
vitriol to a translucent mass, and yields a silver-salt having the composition of silver- 
racemate. 

The yellow syrup (p. 40), obtained together with the crystals in the preparation of 
ethylic racemocarbonate, is an unmystallisable modification of that compound. By 
heating it with strong hydrochloric acid, and then evaporating off the whole of that 
acid, a very acid syrup is obtained, which dries up over oil of vitriol to an amorphous 
transparent mass, easily soluble in water. The acid thus obtained is isomeric with 
racemic acid, but is distinguished from that acid and^ from racemocstbonic acid by' its 
reaction with lime-water, gelding therewith a precipitate, whid^jidlSR dissolved in a 
small quantity of hydrochloric fund is not reprecipitated bjamlnonia. Moreover, it 
does not form a sparingly soluble acid salt with potash. (£|^ig<) \ 

. aanjATioir am * coarouonox oar mat. IThto «ro various; wdes 
in which heat may be transferred from one place to another. Qt all these, tM[ &oet 
easily intelligible— in the sense of our being able deal rpo atl^e and fidpT ths 
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saver*! parts of the process — consistsin the bodily movement of heated matter. A 
very important cate of the transference of heat in this manner is presented by the so- 
called phenomena of convection , upon which the distribution of heat in liquid and 
a&riform bodies almost entirely depends. Another way in which the motion of material 
bodies may intervene, as the medium of the transference of heat, is exhibited in many 
cases of the evolution of heat by mechanical means, f'or instance, if a steam-engine 
is employed to overcome friction, or to do other work in opposition to molecular forces, 
and so to develop heat, the process may be correctly described, so far as the general 
result is concerned, as consisting in the transfer of part of the heat of combustion of 
the coals, from the furnace to the place where the heat-producing work is performed. 
In other cases, again, electricity is the medium of the transference of heat from one 
place to another. But, in addition to all those various ways in which the motion of 
neat may bo brought about by the action of other forms of energy, there are two dis- 
tinct ways in which it can occur without the intervention of energy in any other form. 
These are Radiation, or the spontaneous outflow of heat in all directions which is 
constantly taking place at the free surface of material bodies ; and Conduction, or the 
propagation of heat by communication through the substance of material bodies, 
whereby the temperature of every mass of matter tends constantly to become uniform 
throughout. We shall attempt in this article to state the most important laws and 
conditions by which the transference of heat in these two ways has been found to be 
determined. 


Radiation. 

The radiation of heat is a phenomenon completely analogous to the radiation of 
light j in fact, all the known properties of radiant heat and of light point to the con- 
clusion, that there is no difference of a fundamental kind between them. And if, as 
seems inevitable, we adopt the hypothesis that temperature in material bodies consists 
in a vibratory or other movement of their particles (Heat, iii. 131), we must regard 
radiation, whether of heat or light, as due to vibrations of the luminiferous ether 
(Lioht, iii. 689), excited by the heat-vibrations of the particles of ordinary matter, and 
propagated by the ether in all directions from their source. According to this view, a 
radiating body may ba compared with a vibrating tuning-fork, or other source of 
sound ; and the rays of heat or light which it emits, with the progressive undulations, 
constituting waves of sound, which the vibrations of the sounding body excite in the 
air. The cooling of a heated body by radiation would thue.answer to the gradual dying- 
out of the vibrations of the tuning-fork, as it gives up its motion to the air : any cir- 
cumstance which increases the rate of radiation, that is to say, the quantity of heat 
given out in a given time, hastening the fall of temperature of the heated body ; just as 
whatever increases the amount of motion imparted to the air in a given time by a 
vibrating fork, and so augments the loudness of the resulting sound, causes the fork 
to come to rest more quickly. On the same view, a rise of temperature in a material 
body, caused by rays of heat absorbed by it, would correspond with the production of 
sympathetic vibrations in solid bodies under the influence of sound-waves transmitted 
to them through the air ; and just as those conditions, which facilitate most the com- 
munication of motion by a vibrating body to the air, are also the conditions most 
favourable to its being thrown into vibration by undulations of the air, so, as we shall 
see, the conditions which most promote the loss of heat by radiation are also those 
which aro most favourable to the absorption or gain of heat in the same way. Again 
the different refcangibility which characterises rays of light of various colours, as well 
as rays of heat from various sources, being caused by different rates of vibration, cor- 
responds to the different pitch of various sounds. (On the analogies of heat and 

c 1 on >l x "Sonias Young, Lectures on Natural Philosophy, 2 vole. 4to. Lond. 
J.8U7, yoi. i. p. 6o6.) 

Radiation, considered as a mode of transference of heat, is obviously a process which ' 
can only go on between at least two material bodieB, of which one gives out and the 
’ “ Bat - . An J except in the case of radiation through a vacuum, a third 

takes riace' n Henen^l™ I' llenomenon ~ nam ely, that trough which the radiation 
takes place. Hence the entire process consists of three distinct parts — Emission, Ab- 

nHmM+Ua’n? H m > a e t o n — the courae of each of which is dependent on the physical 

SdESftHSf in h ™Knn^ ar t ( , matmal fibstances concerned. But, before considering 
5 th ® P ro P ert, es of individual substances, we will briefly de- 
the important and decisive of the 

f 5? entml identity of radiant heat and light has been proved. 
^ °? n ' lu8,0D that radiant heat, like Fight, consists in un- 
ether, in the same way asmves of sound are 

iTsadtant heat traverses * vacuum, or any lnmogenemu medium, in straight lines. 
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This fact is proved, like the corresponding fact in the case of light, by the effect of 
opaque screens, which, with the exceptions mentioned at page 46 (parag. 7), prevent 
the heat of any radiant source from arriving at any point so situated that a straight 
line drawn from it to the source would cut such a screen. 

2. Radiant heat is emitted in straight lines in all directions from a radiating point . 
lienee the quantity of heat which in a given time falls on a given surface from a 
radiating point is inversely proportional to the square of the distance of that surface 
from the radiating point. The most complete and decisive proof of this law was 
furnished by Me lion i, who showed that when a thermo-electric pile (Electricitt, ii. 
413 ; Heat, iii. 22), fitted with a non-reflecting cone, is turned towards a large, flat, 
uniformly heated surface, the heating effect, as shown by the deflection of the needle 
of a galvanometer connected with the pile, is the same at all distances of- tho pile from 
the heated surface. In this case the portion of the flat surface subtended by the face 
of tho pile, or visible therefrom, increases proportion ably to the square of the distance: 
that is to say, the number of points of the heated surface from which rays can reach 
the pile is directly proportional to the square of the distance; but, sinco the total 
heating effect remains the samo at all distances, it follows that the effect of each point 
must be inversely proportional to the square of its distance from the pile. (Melloni, 
La Thermockrose, Naples, 1850, p. 129.) 

3. The velocity of propagation of radiant heat has not yet been measured directly, in 
consequence of the time required.by it to produce sensible effects being greater than 
the time of its transmission through such distances as are available for experiment. 
There is, however, every reason to suppose that, in substances not possessed of disper- 
sive power, it is the same as that of light. Melloni found the time of transmission 
through 357 feet of air inappreciably short. {Op. cit. pp. 121-123.) 

4. It follows, from the laws which hold with respect to the propagation of wave- 
motions, that, whenever a train of waves arrives at a surface, on opposite sides of which 
the relation between the elasticity and density of the medium of propagation is different, 
partial or total reflection must take place ; and that this reflection must take place so 
that the reflected ray lies in the same plane with the incident ray, and the normal to 
the reflecting surface at the point of incidence, and that the incident and reflected rays 
mako equal angles with the normal. That radiant heat is thus reflected on arriving at 
the surface of separation of two media, may be proved by means of a thermo-multiplier 
placed in such a position relatively to a source of heat and a plane metallic reflector, 
that the radiation from the source cannot reach it, except by the rays being reflected 
in accordance with the above conditions. The equality of the angles of incidence and 
reflection can be still more decisively demonstrated by means of two parabolic reflectors 
placed with their concave surfaces towards each other, and their axes coincident: if a 
source of heat bo placed in the focus of one reflector, the rays which strike this reflec- 
tor will be brought to a focus again at the focus of the other reflector. 

But, as in the case of light, this law can only be recognised when reflection takes 
place at polished surfaces, that is, at surfaces each element of which is situated sen- 
sibly at the same plane, or coincides with the same curve. Since, however, even with 
the most perfect polish that can be obtained, many superficial elements are doubtless 
inclined in directions which do not coincide with the general form of the surface, the 
intensity of the heat reflected in such a direction as to make with the normal to the 
general surface an angle equal to that made by the direction of the incident heat, is 
always less than the intensity of the incident heat, even allowing for the quantity 
which may penetrate the reflecting eurfaco. The amount of heat thus irregularly 
reflected, or diffused , necessarily varies with the nature of the reflecting surface, being 
less, under otherwise similar circumstances, in proportion as the latter is more 
perfectly polished ; it also varies with the absolute value of the angle of incidence. 

The fact of the diffusive reflection of heat was first placed beyond doubt by Mello- 
ni, whose method of experiment consisted in determining, by means of the thermo- 
multiplier, the relative quantities of heat radiated obliquely by very thin unpolished 
screens, upon which rays were incident normally from a source of heat The screens 
were so thin that both surfaces might be regarded as having the same temperature; 
nevertheless, the quantity of heat radiated in a direction making a given oblique angle 
with the surface turned towards the source of heat, exceeded that radiated in a direc- 
tion making the Bame angle with the other surface ; showing that the radiation from 
the former surface did not consist entirely of the heat given out* by the screen itself, 
but also, in part, of heat irregularly reflected. The influence o^ji^absolute value of 
the angle of incidence on the proportion of heat reflected irreg^p^ hae been investi- 
gated by Knoblauch. With solar heat and, in one s^ p^a^eJtBQenta, a glass 
mirror blackened at the back, and in another .set with a i^||plic i£iTor. he obtained 
the following results 



44 


RADIATION AND CONDUCTION: 


Anfle of Incidence 
measured from the Mirror 

00° 

60 

40 

30 

20 

10 


Deflection of the Galvanometer-needle produced 
From the lOrmr, 

10*0° 36*0° 

100 55-0 

11 0 54-5 

15*1 60*0 

28*1 480 

43*0 43*0 


The numbers in the last column show that the quantity of heat reflected 
regularly by the metallic mirror diminished, and consequently the quantity 
reflected irregularly increased, as the incident rays made a smaller angle with the 
surface of the minor. The increased reflection from the glass mirror at low angles of 
incidence is to be attributed, not to diminished diffusion, but to diminished absorp- 
tion. 

4. In addition to the portion which is reflected, regularly or irregularly, when 
radiant heat arrives at the surface of separation of two media, a certain quantity 
usually — perhaps always — penetrates the second medium. Of the heat which thus 
passes onwards into the second medium, a greater or less proportion is always absorbed; 
or, in the language of the view we have adopted respecting the nature of radiant heat, 
the vibratory motion of the particles of the ether is given up to the material particles 
of the medium. The proportion of heat so absorbed varies, from a barely perceptible 
amount, even when a considerable thickness of the second medium is traversed, as in 
the case of rock-salt, to the total quantity which enters the medium, as in the case of 
the metalB, in which the absorption of heat is so complete, within a very short distance 
from the surface, that it was only by employing exceedingly thin films of metal, 
deposited on glass by chemical means, that Knoblaueh succeeded in proving that the 
metals are not absolutely impenetrable by radiant heat The proportion of radiant heat 
absorbed in its passage through a given thickness of a given medium is not, however, 
a constant quantity; it varies to a great extent, as we shall presently see, with the tem- 
perature of the source from which the heat comes, just as the absorption of light by 
various media depends on the colour of the light. 

6. Another consequence of the general principles of wave-motion, is that, upon the 
theory we have adopted, when radiant heat pwses from one medium into another, in 
which the elasticity and density of the luminiferous ether are to each other in a diffe- 
rent ratio from what they were in the first medium, its velocity of propagation must 
be different in the two media. Consequently, if the rays of heat are incident upon the 
separating surface of the media in any other direction than that of the normal to the 
surface at the point of incidence, their direction will be altered on passing from the 
first medium into the second, or they will undergo refraction ; and this refraction will 
take place according to the same laws as the refraction of light — that is, the refracted 
ray will be in the same plane with the incident ray and the normal to the surface, 
and the sine of the angle which the incident ray makes with the normal will be to 
the sine of the angle which the refracted ray makes with the normal, as the velocity of 
the ray in the first medium is to its velocity of propagation in the second medium (see 
Light, iii. 608, 609). A familiar example of the refraction of heat is afforded by the 
effects of burning-glasses. 

The second part of the law of refraction of heat, as above stated, has not hitherto 
received direct experimental confirmation, for, as has been already said (p. 43), the 
velocity of propagation of radiant heat has not yet been measured* It is, however, 
abundantly proved that the index of refraction (Light, loc. cit l), corresponding to the 
passage of radiant heat from a given medium into . a given second medium, has a con* 
stant value. But, just as there are various kinds of light, differing from each other 
in refrangibility (Light, iii. 618), so there are various kinds of radiant heat which 
differ from each other in the same wav. The indices of refraction of heat of several 
kinds, corresponding to its passage from air into neck-salt, have been measured by 
Forbes, by Wollaston’s method (iii. 614), depending on the total reflection which 
takes place when rays traversing one medium are incident very obliquely on the surface 
of another medium of less refractive power. In the following table (taken from 
Wiillner's LcArbuch der Expcrimentalyhysik, 2 vols. Leipzig, 1863-06, vol. ii. p. 327) 
the numbers in the last column represent the indices of refraction of the rays present 
in greatest abundance in the heat of the various kinds specified; but it is tobe under- 
stood that each kind or heat examined contained, in a smaller proportion, rajs of both 
greater and less refrangibility than those which formed the largest part, 



Indices of Refraction of Seat-rays m Rock-salt. 

_r . » T . K ! ndof . 1 h T t - Index of Refraction* 

Heat from a Locafcelli s lamp (an oil-lamp with solid square wick but no ) 

chimney) , u f 1-531 

The same after passing through a plate of alum ! 

»» *t window-glass 

»> n black glass 

„ A . . »• - , » black mica 

Heat from mean descent platinum . 

The same after passing through a plate of window-glass 
»> a black mica 

Heat from brass* at 371° C 

Luminous rays of mean refrangibility from the lamp 


1-558 

1*547 

1*553 

1*543 

1*632 

1-548 

1-544 

1*528 

1*562 


The index of refraction for crown-glass of the least refrangible solar rays has 
been deduced by J. Muller, from an examination of the solar spectrum produced 
by a prism of crown-glass, means of a linear thermo-electric pile (Muller's 
Lehrbuch der Physik t 6th ed., ri. 743-746). Muller gives the number 1*506, but 
from a criticism of his experiments by F, Eisenlohr (Pugg. Ann. cix. 240), it appears 
that 1*516 would be more correct. 

We shall have occasion, as we proceed, to return Beveral times to the differences 
between the kinds of heat emitted by various sources ; but we may take this first occa- 
sion, upon which such differences call for special mention, to state wherein they 
probably consist, and also how far there is any real difference between radiant heat ana 

If radiant heat be regarded as consisting in an undulatory motion of tb e luminiferous 
ether, all the differences (irrespective of intensity and state of polarisation) which have 
been observed between various rays of heat maybe referred to differences in tho 
rapidity of. the vibrations by which they are produced, and consequent differences in 
the length of the waves of which they consist ; the most refrangible rays having tho 
most rapid vibrations and the smallest wave-length, and the least refrangible rays 
having the slowest vibrations and the greatest wave-length. These, it will be seen, 
are differences of precisely the same kind as those existing between rays of light of 
various colours. Hence, unless the vibrations constituting radiant heat have a different 
direction, or a different form, from those constituting light (of which, however, there is 
not the slightest evidence, for, as we shall see, all the characteristic properties of light, 
with the single exception of visibility, are shared by radiant heat), we are forced to ad- 
mit that rays of heat and rays of light of the same wave-length are in 
all respects identical, and this conclusion is borne out by every test which it has 
hitherto been possible to apply (corap. hi. 632). But although there is absolutely no 
known difference between rays of heat and rays of light of t he same refrangibility (rate of 
vibration, wave-length), rays of heat exist wnose refrangibility is less, and accordingly 
their rate of vibration slower and wave-length greater, than that of the least refran- 
gible rays of light. The relation between radiant heat and light may therefore he 
summed up as follows : All luminous rays are rays of heat, but all rays of heat are 
not luminous ; they only become so when their rate of vibration exceeds a certain 
minimum limit (about 400 millions of millions per second), and their wave-length con- 
sequently falls below a certain maximum (a^out 7 ten-millionths of a millimetre). 
According to this view, the difference between radiant heat and light is subjective and 
not objective, being dependent on the structure of our eyes, and not upon any want of 
similarity between radiant heat and light themselves. 

6. Like rays of light, rays of heat interfere with and neutralise each other, when two 
rays from the same source arrive at the same point by paths of very slightly different 
lengths. This phenomenon was first observed by Fizeau and Foucault (Compt. 
rend. xxv. 447), by means of Fresnel's interference- mirrors (Hi. 599), mid a spirit ther- 
mometer whose bulb was not more than 1*1 mm. in diameter, and which conld be read 
to zjgth of a degree centigrade. When this instrument was gradually moved across the 
middle of the field, the readings were successively^ *9, 35*9, and 20, the number 3 6*9 
corresponding to the middle of the central fringe. . * 

Knoblauch afterwards (Ann. Ch. Fhys. [3] lix. 493) observed the same phe- 
nomenon by means of a Pouillet's interference-prism (iii. 600), and a linear thermo- 
electric pile; and the same philosopher showed, at the same tgne, that the positions of' 
the alternate maxima and minima of heating effect (corresponding to the light and 
dark bands in /the case of light) suffered a lateral displacement when a slightly wedge- 
shaped piece of glass was .interposed between the prism and the thermo-electric pde^ 



4* radiation and conduction. 

thus proving that the velocity of, propagation of radiant heat is not the same in glass 
as it is in air. (See Light, lii. 601.) . • 

Knoblauch has likewise demonstrated the interference of radiant heat under the 
same circumstances as those under which the colours of thin plates (iii. 643} are pro** 
duced bj light / ' . „ . , 

7. infraction (iii. 601) of radiant heat occurs when rays from a source of sufficiently 
small extent pass through a small aperture , or by the edge of an opaque screen. Kn o b - 
lauch ascertained that when heat from a linear source passes through a narrow slit, 
the thermal effect on the farther side of the slit extends to points which the rays could 
not reach if they all followed straight paths; and he found that the lateral extension 
of the heating effect increased (1) with the distance from the slit of the position where 
the effect was examined, (2) with the narrowness of the slit, and (3) with the distance 
of the slit from the source of heat. 

The diffraction of radiant heat and the simultaneous interference, when it passes the 
edge of a simple screen, were observed by F i z e a u and Foucault; and its diffraction 
by “gratings” (iii. 605), by Seebeck in 1849 (Pogg, Ann. Ixxvii. 674), and subse- 
quently by Knoblauch. 

8. The interference and diffraction of radiant heat prove conclusively that it consists 
in undulations; and that these undulations, like those of light, take place in directions 
perpendicular to that in which the undulat-ory movement advances, is proved by the 
phenomena of the polarisation of radiant heat. Like light, radiant heat may, be 
polarised, by reflection, by ordinary refraction, by double refraction, and by absorption 
in doubly-refracting crystals. 

The polarisation of heat by reflection from the surface of glass was distinctly 
proved in 1812 by B^rard, who showed that when heat was reflected successively by 
two glass mirrors, the intensity of the beam reflected from the second mirror was 
decidedly greater when the plane of reflection of the two mirrors coincided, than when 
they were at right angles to each other. But the accurate investigation of the phe- 
nomena of the polarisation of heat is chiefly due to K nob lauch and D e la Provo- 
staye andDesains(Ann. Ch. Pliys. [3] xxvii 109; xxx. 159; 267; 276). Knoblauch 
found that, as in the case of light so in that of radiant heat, the polarisation produced 
by reflection is most complete when the rays are incident at some particular angle de- 
pending on the nature of the reflecting substance. Thus, out of 100 rays reflected from 
glass at various angles (measured from the normal), he found the proportion of polarised 
rays to be that stated below: — 


Angle of Incidence. .... 

300. 

250. 

300. 

350. 

400. 

450. 

SO®. 

55°. 

600. 

650. 

70o. 

750, 

800. 

Percentage of polarised ) 
heat In the whole }- 
' quantity reflected J 

o-o 

1W 

40*6 

666 

1 

66*6 

69-2 

i 

69*2 

74*1 

44*4 

30-5 

28*4 

260 

18*8 


It will be seen that the maximum of polarisation occurred when the angle of in- 
cidence was 66°, which agrees almost exactly with the angle (54° 35') at which the 
most complete polarisation takes place in the case of luminous rays (iii, 663). When 
a steel mirror was used as the polarising apparatus, the maximum of polarisation 
(34 per cent, of the total heat reflected) occurred with an angle of incidence of about 


De la Provostaye and Desains not only proved that the polarisation of heat takes 
place under the same conditions as the polarisation of light, but showed that the 
properties of polarised heat agreo precisely with those of polarised light. Fresnel 
had established that, when polarised light is reflected at the surface of a transparent 
medium, the intensity of the reflected light may be expressed by the formula 
am* (*-r) , _ , . . „ 

sin* (i + r) when P lane °* polarisation is parallel tp the plane of reflection, and by 

the formula ~ *'(*•'+ rj when the P lane of polarisation is perpendicnlar to the plane of 

reflection, • and r denoting the angles of incidence and refraction respectively. Taking 
the index of refraction of glass as « 162, De la Provostaye and Desains calculated 
the intensity of the reflected beam for various angles of incidence, for the two cases to 
wmch these formulae correspond, and found the results to agree precisely with those 
furnished by direct experiments with polarised heat, as shown by the following table 




of rabtant heat. 


Reflection of Polarised Heat. 


Heat 

polarised in plaue of incidence. 

Heat polarised at right angles to plane of 
incidence. 

Angle of 
Incidence. 

Intensity of 

reflected beam. 

Angle of 
incidence. 

Intensity of reflected beam. 

Observed. 

Calculated. 

Observed. 

Calculated. 

60 

65*1 

* 64*6 

80° 

240 

23*6 

75 

40*7 

40*8 

76 

110 

10*6 

70 

30*6 

30*8 

70 

4*3 

4*16 

60 

18*0 

18*3 

28 

3*0 

2*9 

60 

11*7 

11*7 




40 

8*1 

8*1 




30 

6*1 

61 




20 

6*0 

6*0 





DolaProYostaye and D e s a i n b have likewise observed that rotation of the plane 

E olarisation of heat is caused when polarised heat is transmitted through a piece of 
cavy glass placed between the poles of a powerful electro-magnet, and also when it is 
made to pass through certain liquids, such as oil of turpentine and solution of sugar, 
mid have ascertained that in both cases the action is precisely the same as in the 
analogous phenomena presented by polarised light (see iii. 671 and 676). Some of 
the numerous other points of agreement which the same observers have detected 
between the properties of polarised heat and polarised light, are mentioned below in 
connection with the double refraction of heat. 

The polarisation of heat by ordinary refraction was observed by Forbes (Phil. Mag. 
[3] vi. 209) and Mellon i, but this phenomenon also has been more completely in- 
vestigated by Knoblauch and Be la Provostaye and Bosains, than by pre- 
vious observers. It has been shown by their experiments, that when a beam of radiant 
heat is incident upon a bundle of thin plates of glass at the polarising angle, it is 
separated into two parts — a reflected beam polarised in the plane of incidence, and a 
refracted beam polarised at right angles to the plane of incidence ; and they have also 
proved that the intensity with which a beam of polarised heat is transmitted through - 
one or more plates of glass can be calculated by precisely the same formula as those 
which apply in the case of light. 

9. The same investigators have demonstrated the double refraction of heat, and proved 
that the phenomenon agrees in all respects with the double refraction of light. 
Knoblauch caused a pencil of Bolar rays, reflected from a heliostat, to fall upon the 
natural-cleavage faces of a crystal of calc-spar, and received the transmitted rtfya upon 
a thermo-eleetric pile, the face of which presented only a vertical strip of 0*26 mm. in 
width. As the pile was placod successively in the path of one of the luminous beams 
produced by the double refraction of the incident light, in the dark space between the 
two beams, and in the path of the second luminous beam, the needle of the galvano- 
meter was deflected to 20*6°, then came 'back to 5°, and was then deflected again to 
20*76°, showing that the heat-rays had been completely separated into two pencils of 
equal intensity. Knoblauch further found that, when the crystal was turned round the 
incident ray as an axis, one of the transmitted pencils of heat-rays (the extraordinary 
pencil) rotated, round the other, (the ordinary pencil), which remained stationary. 

Similar results have been obtained by Be la Provostaye and DeBains. A beam of 
solar rays was directed, by means of a heliostat, on to an achromatic double-image 
prism, and, one of the emergent beams being stopped by a screen, the other was re- 
ceived upon a glass inirroT placed vertically, whereby it was reflected at an angle of 
66° upon the the thermo-electric pile. When the principal section of the prism- was 
horizontal, and the ordinary ray (which was consequently polarised in a horizontal 
plane, iii. 654) was allowed to fall upon the mirror, the galvanometer-needle was de- 
flected to 76°, whereas it remained completely at rest when the prism was turned 
round through 90°; thus proving, that the two transmitted beams were completely 
polarised in planes at right angles to each other, a result which was also arrived at by 
Knoblauch. 

Be la Provostaye and Desains have also proved that when a beam of polarised heat 
fells upon a doubly-refracting crystal, so that the plane of polarisation is neither, 
parallel with, nor pei’pendicular to, the principal section of the crystal, it is broken' « 
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the intensity of the In< 


iroduced under similar circumstances, In the case of light, if 
lent beam be represented by I, that of the ordinary refracted 
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^ b*““ V the angle which & 

£ 5 maWith ^ principal section of fee crystal by -» Main. 

?h^L) Z, these Quantities are related to each other as Mows 


£ 


I . sin’o. 


62 ° 

0*3 


showed that these quantities are i 
0 - I . cos 2 *; 

Putting I - 1, De la Provostaye and Desains found the Mowing values fi» 0 cor- 
resp on ding to various values of a J namely, for— 

« - 30 °, - 35 °, « 45 °, 

0 » 075 , « 0 - 67 , - 0 * 50 , 

results which agree exactly with the above formula. 

When a doubly-refracting ciystal absorbs one of the two beams produced by double 
refraction, as is the case to a great extent with tourmaline cut paraUel to the principal 
/jii, 65&Y the beam which is transmitted is necessarily polarised, either in the case 
of light or heat The polarisation of heat by tourmaline, observed by Forb es, was the 
• earliest discovered instance of the polarisation of heat by double refraction; and it was 
supposed by him for a time to reveal an essential difference between radiant heat and 
light, since he found the polarisation of heat from some sources apparently much less 
complete than that of light. The cause of this apparent anomaly was afterwards 
ascertained by Melloni to be that, although tourmaline is opaque for luminous rays 
whose vibrations take place perpendicularly to its principal axis, and therefore completely 
absorbs one of the two luminous beams, it is not equally opaque for rays whose vibra- 
tions are perpendicular to the axis but are as slow as those of the invisible 
heat-rays. 

Having thus briefly stated the most important of the general properties of radiant 
heat, we have still to consider it in its relation to material bodies, under the three heads 
of Emission, Absorption, and Transmission* 


Emission of Radiant Heat . 

It is a matter of universal experience, that, under otherwise similar circumstances, 
a given body gives out more heat in s given time, the hotter it is. Temperature, there- 
fore, is one condition which determines the emissive power of bodies for heat ; but 
further examination shows that it is not the only condition upon which this phenomenon 
depends. It was observed as early as 1804, by Leslie, that different substances have 
very different powers of emitting heat, even when their temperatures are exactly the 
same. He placed in front of a concave metallic mirror a cubical metal vessel filled 
with boiling water, and put one bulb of a differential thermometer in the focus of the 
mirror, the other bulb being protected from the radiation. By coating the different 
sides of the cube with the various substances to be examined, and turning them suc- 
cessively towards the mirror, he was able to compare, by the effect on the thermometer, 
the relative emissive powers of the several substances, independently of any difference 
of temperature. Melloni subsequently made similar comparative experiments, using 
his thermo-multiplier instead of Leslie’s differential thermometer. Among all the sub- 
stances examined, both Leslie and Melloni found that lampblack had the greatest 
emissive power, or at least that the emissive power of no other substance exceeded it; 
and they accordingly adopted it as a standard of comparison for all the rest. The nu- 
merical results given in the following table are, therefore, to be understood as giving 
the intensity of the radiation at 100° C. from a superficial unit of each of the substances 
named, the radiation from a unit of surface covered with lampblack being taken at 
100 ;— 


Emissive Rowers far Radiant Heat at 100° 0* 


Le»He. j 

Hellonl. 

Lampblack . .100 

Paper ... 98 

Resin ... 96 

Sealing-wax 95 

Crown-glass * 90 

Indian ink . .88 

Ice • • . . 85 

Red lead. . . 80 

Isinglass . . .80 

Graphite .•■ . .75 

Tarnished Lead . ,46 

Mercury . . .20 

Polished Lead * . 19 

Polished Iron . .16 

Tinplate . , .12 

’Gold, Silver, Copper, . 12 

Lampblack . . 100 

White lead • . 100 

Isinglass . . 91 

Indian, ink . • 86 

Gum-lac , , 72- 

Polished Metals . 12 







The general role which may be deduced from these and numerous allied observations, 
is that the denser and more compact the surface of a body is, the smaller is its emissive 

£ >wer, while any treatment which diminishes the density of the surface increases 
e emissive power. The mere fact of the surface being polished or not polished, if 
these differences; do not involve differences of density, does not affect the emissive 
power of a substance: thus marble, ivory, agate, quartz, selenite, and other similar 
substances which are capable of receiving a polish, but in which the polishing process 
does not alter the density of the superficial stratum, have the same emissive powers 
whether polished or unpolished. (Melloni, La Thermochr6»e t p. 83, nofcarr-Compar* 
also Knoblauch, Pogg. Ann. In. 343.) 
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fcBAMATION AND CONDtfCTlOSf. 


' Th« following table gives the relative emissive power, at 100° 0., of several substances 
in a state of fine powder, according to Tyndall’ s experiments: 


Rock-salt 35*3 Sulphate of calcium 

Mercuric iodide . • • • 39*7 Feme oxide / . 

Sulphur 40*6 Zinc hydrate 

Chloride of lead .... 55*4 Ferroso-femc oxide 

Carbonate of calcium . . . 70*2 Ferrous sulphide - 

Red lead 74 *2 Lampblack . 

Oxide of cobalt . . . 76*7 


777 

78 # 4 

80*4 

81*3 

81*7 

84*0 


Previous experimenters, in particular Masson and Courtdp4e (Compt. rend. xxv. 
930), had concluded that the emissive powers of all substances, in a sufficiently fine 
state of division, were equal ; but, according to Ty n d all, this apparent result was due 
to the powders examined having been mixed with gum in order to attach them to a 
metallic surface, whereby radiation from the gum took the place, to a great extent, of 
radiation from the particles of powder enveloped by it. 

Another circumstance which exerts an influence on the quantity of heat emitted by 
a given substance at a given temperature, is the thickness of the radiating stratum. 
The effect of variations of this condition is not however sensible, except in the case of 
substances which are perceptibly transparent for radiant beat, and therefore allow the 
particles which lie below the actual surface to take part in the radiation, such as glass 
and varnishes of various kinds ; with metals, on the other hand, which are completely 
opaque for radiant heat as well as for light in any thickness in which they can bo 
used, the effect of variations of thickness is imperceptible. Thus .Melloni found, on 
applying successive coats of varnish to the metal face of a radiating cube, that the 
radiating power was increased by each coat of varnish up to the sixteenth ; but on 
coating one of the faces of the cube with gold-leaf of various thicknesses, the radiating 
power was diminished to the same extent in each case. 

The intensity of the radiation from a plane surface is not the same in all directions, 
but is greatest in the direction of the normal to the surface. Leslie, who investigated 
this point experimentally, believed that the radiation in any direction was proportional 
to tho cosine of the angle which that direction made with the normal; that is to say, 
if R represents the quantity of heat radiated by a unit of surface in the direction of 
the normal to tho surface, and R' the quantity of heat radiated by a unit of surface in 
any direction making an angle a with the normal, Leslie concluded that the relation 
between these two quantities might be expressed in all cases by the equation 


R' = R . cos a 


According to the experiments of De la Provo at aye and Desai ns, however, this rela- 
tion does not hold good except for a small number of substances, lampblack being one of 
them. They placed, between a radiating surface of considerable extent and the 
thermo-electric pile, a screen pierced with a comparatively small aperture, through 
which alone the rays could reach the pile. Now it is obvious that with this arrange- 
ment, the extent of surface from, which rays could arrive at the pile was less when the 
surface was placed so as to radiate normally through the aperture, than when it was 
placed so as to radiate obliquely, and that the extent of surface from which rays were 
received by the pile in tho latter case, was to the extent of surface from which they 
were received in the former case, inversely as the cosine of the angle through which the 
radiating body had been turned. Hence, if the intensity of the radiation from a unit 
of surface, varied directly as the cosine of the same angle, the total heating effect upon 
the pile must have remained the same for all positions of the radiating surface ; this, 
however, was not the case except with lampblack, as will be seen from the following 
table : — 


Emissive Powers at various Angles. 







M 

From these results it appears that the emissive powers of the substancea mentioned, for 
oblique directions, dimmish more rapidly than the cosine of the angle of obliquity, 
except in the case of lampblack. - 

• In considering the effect of the temperature of the radiating body on the quantity of 
heat emitted, it is important to hear in mind that what is measured in the various 
methods for determining the emissive powers of different bodies, is not the actual 
quantity of heat given out in a given time by a given extent of surface, but merely the 
rate of exchange of heat between the radiating body and surrounding objects, including 
the thennometric apparatus itself. If in a given time a thermo-electric pile gives out 
to a body placed opposite to it exactly as much heat as it receives back again from 
that body, its temperature is not altered, and the state of things is the same as though 
neither the pile nor the radiating body near it had any emissive power whatever. But 
this stationary condition will be disturbed equally by raising the temperature of the 
radiating body, so as to make it give out more heat than it receives in return, or by 
lowering the temperature of the thermo-electric pile, so as to make it give out less heat 
than it receives ; that is to say, Jhe same thermometric effect may be produced upon 
the thermo-electric pile by lowering its temperature, as by raising that of the radiating 
body. There is therefore obviously no reason to expect that any simple relation 
would be apparent between the emissive power of a given body, as . measured by the 
methods above described, and its absolute temperature (Heat, iii. 62), much less 
between this property and the temperature of the body on the centigrade or any other 
arbitrary thermometric scale. We might, however, expect to find the actual quantity 
of heat which a given body loses in a given time, proportional to the excess of its tem- 
perature over that of surrounding bodies. 

To ascertain whether this is so, it is needful to examine the rate at which the same 
body cools in a vacuum, when its initial temperature exceeds that of the surrounding 
space by different known amounts. A very elaborate investigation of this subject was 
made by Dulong and Petit (Ann. Ch. Phys. [2] vii. 225. 337). They determined the 
rate of cooling of a large mercurial thermometer, placed in the middle of fill exhausted 
brass globe kept at a constant known temperature, with various definite differences of 
temperature between the thermometer and the globe, and at various absolute tempera- 
tures of each. Their most important results are given in the following table, where 
the columns headed “Rate of Cooling ” give the number of degrees through which the 
temperature of the thermometer would sink in one minute under tlie various conditions 
specified, if it continued during the whole time to lose heat as fast as at the beginning 
of the interval : — 
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From this table it appears that the rate of cooling, or quantity of heat lost in a given 
time, depends not merely upon the difference of temperature between the cooling body 
and surrounding objects, but also upon its absolute temperature. Thus, for instance, 
when the temperature of the thermometer was 200°, and that of the globe 0° , the rate 
of cooling was 7*4 ; but, when the temperature of the globe was 00°, and that of the 
thermometer 260°, the rate of cooling was 1 1 “64, although the difference of temperature 
was the same as in the former case, namely 200°. It further appears that the quotient 
obtained by dividing the rate of cooling corresponding to a given excess of temperature 
of the thermometer, by the rate of cooling corresponding to the same excess when the 
temperatures of both thermometer and globe are 20° lower, is constant^ namely ^ 1*10 y 
that is to say, the rate of cooling increases in a geometrical ratio when, for a gf?c D 
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u£fa MS seme. Makings =20, the remits «■£««*» the above table 
give us for a) = a" the value 116, whence we get « = Vl 16= 1-0077. & al ° n g Hni 
Petit found that the dependence of the rate of cooling t» vacuo, of a heated body, upon 
its temperature, and its excess of temperature over that of the envelope, might be ex- 
pressed by the following equation : — 

A ~ M . a s (a* — 1),’ 


where A is the rate of cooling, M a constant depending on the mass, extent of Burface, 
specific heat and emissive power of the body, and <z, 0, and t have the meanings 
already assigned to thorn. The numerical value of M in Zhjlong and Petit’s experi- 
ments may bo deduced from any of tho results given in the table : thus, taking t = 140 
and 0 a 0, we have for the rate of cooling A = 3-88, and therefore 


M 


A 

a^-l) 


3*88 

1 0077 14O -l 


1-0829. 


The values of the constants M and a require to be determined in every case by special 
experiments ; M necessarily varies from one body to another, and it has been proved 
by I)e la Provftstaye and Desains, that a, or the rate at which the rate of cooling 
for a constant excess of temperature of 1° increases with rise of temperature, is different 
for different bodies. If the coefficient a were the same for all bodies, we should have 
fqr the rates of cooling of any two bodies under the same circumstances of temperature 
A~ M . ^(a'—l) and A* — M* . 1), and therefore 

A M 

. .. AT " Mi - eoll8tant ; 

that is to say, the rates of cooling of the two bodies would be to each other in a constant 
proportion, so long as they both had the Bame temperature, and the same excesaof 
temperaturo over surrounding objects. But the rates of cooling, other things being 
equal, must do pend on the radiating powers of tho two bodies, which therefore, under 
the circumstances above supposed, must bo to each other in a constant ratio. To 
ascertain whothor this constant ratio really existed, Be la Provo stay o and Desains con- 
nected a strip of pLit innm-foil, one face of which was coated with lampblack, and the 
other with borate of lead, with the terminals of a galvanic battery, so that, by sending 
through it an electric current of groater or less intensity, its temperature could be raised 
to any required point, and placed it between two thermo-electric piles, regulating the 
relative positions so that, when the strip was heated by a moderate current, the effect 
of its radiation on both piles was exactly the same. On now raising the temperature 
of. the platinum to a higher degree, it was found that this equality of radiation was no 
longer maintained, the blackened side radiating more heat than the side coated with 
borate of lead, so that, after the piles had been adjusted to equality of effect with the 
platinum strip at 100°, they indicated differences iu the amount of radiation frotn its 
two surfaces in the ratio of 0*75 to 1 when its temperature was 550°. . Hence the 
emissiv e powers of different substances do not vary according to the same law' with 
variations of temperature, and therefore the quantity denoted above by a 'is not tho 
same for all bodies. 

It was supposed by Newton that the rate of cooling of a given body was directly 
proportional to the excess of its temperature over that of surrounding objects. It has 
been already pointed out that Dulong and Petit’s experiments prove this not to be the 
case ; nevertheless Newton’s law of cooling corresponds very closely with their formula 
when the value of 0 is constant and that of t small, and therefore the factor a* — 1, 
which expresses the effect of the excess of temperature of the cooling body, nearly 
proportional to t, which denotes that excess. In the cases of moat frequent occurrence, 
in which tho law of cooling has to be taken into account, — such, for instance, as the 
calculation of the corrections to be applied in calori metrical experiments for differences 
of temperature between the calorimeter and external objects (Bee Heat, iii. 27) — the 
above condition* ire very approximately fulfilled ; and hence, iu such cases, Newton’s 
law may gtut^niy he applied instead of tho more accurate, but more complicated, 
formula of Petit. ' v,; ' 



/"; -v v 

* When ft heated body is in contact with air or any other gas, aa usually happens in 
practice, it loses heat not alone by radiation, but also by conduction and communication 
of heat to the particles of ga& Hence, in such a case, the rate of cooling may be 
. represented by 

9 ■» A + A 1# 

where A represents the cooling which is due to radiation , and A x the cooling due to 
conduction, See, Dulong and Petit found experimentally that the term A x may be 
expressed by the empirical formula 

A x » N.p'.t'**, 

where N is a constant depending on the mass, extent of surface, and nature of the 
cooling body, and also on the nature of the surrounding gas ; p is the pressure of the 
gas ; c is a constant depending on the nature of the gas, being 0-45 for air, 0*38 for 
hydrogen, and 0*517 for carbonic anhydride; and t is the excess of temperature of the 
cooling body. 

The complete expression for the rate of cooling of any given body whose temperature 
is t + 6, in a space whose temperature is 0, and in contact with a gas whose pressure 
is p, is therefore 

v ■■ M . a.0(a x — 1) + N . p*. t l,w . 

This equation may be put under a somewhat different form. If we denote the weight 
of the cooling body by P, its specific heat by 0, its superficial area by 8, and the 
quantity of heat given out by a unit of surface in a unit of time by W, we have, for 
the quantity of heat given out by the whole body in a unit of time, 


S.W 

But, since W is made up of two parts, one of which 


S W 

P . C . v, and therefore v «■ 


s w is proportional to a® (a* « 1), 


and the other 
w’ 


: to' is proportional to p° . $'■***, we have 




const. 


and hence 


K; ’we may therefore write 
M — H . and N 
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const. « H, and 


- - 1) + K . p’ < 1! "| 
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H. afl(a« _ 1) + K .p> <>•*». 

In order to apply this formula to special cases, it is necessary to determine, experi- 
mentally, the numerical values of the constants H and K. This has been done in the 
case of several substances by Hopkins (Phil. Trans. 1860, p. 379; Proc. Roy. Soc. 
x. 514), whose principal results are given in the following table, where W expresses, 
in terms of the quantity of heat required to raise the temperature of 1000 grains of 
water 1° C., the heat given out by one square-foot of surface in one minute ; a, t, 9 t and 
p have the meanings and values already assigned to them, p being measured in metres 
of mercury : — 

Absolute Emissive Powers . 


Subitmnce*. 


Emission per square* foot per minute. 
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radiation of heat through hydrogen and through carbonic anhydride, from the blackened 
surface of a metallic vessel filled with boiling water, v. Quintus IciliUS (Ppgg. Ann. 
cxxviL 30), believes that he has obtained an experimental verification of Clausius s 

of Emitted Bays.— We have hitherto considered only those circum- 
stances which affect the total intensity of the radiation by heated bodies; but the 
quality of the heat emitted, as well as its quantity, varies with the temperature and 

nature of the radiating body. * ^ 

By comparing together the relative penetrating powers of radiant heat from 
different sources through a great variety of substances, Melloni found that, as a 
general rule, the higher the temperature of the radiating source, the greater was the 
number of different substances through which a greater or less proportion of the 
radiated heat was capable of passing. Hence he concluded that the heat radiated by 
sources of low temperature was more homogeneous than the heat radiated by sources of 
high temperature, the latter containing rays capable of penetrating substances through 
which none of the rays emitted by sourcos of low temperature were able to pass. On 
tlio theory we have adopted as to the nature of radiant heat, this is equivalent to 
saying that, among the heat-waves emitted by sources of high temperature, there is a 
greater variety of wave-lengths Ah an there is among the waves emitted by sources of 
low temperature. But at the same time that new kinds of rays are successively emitted 
us the temperature of a radiating body is raised, Melloni showed that the rays 
previously given out by it still continue to be emitted, and with increased intensity. 
(Bee La Thermochrose , pp. 311 — 315/) 4 

By exam ining, in the manner that has been mentioned, the heat radiated by metals, 
whether polished, varnished, oxidated, or blackened, as well as by wood, leather, or 
marble, when each was heated to 160°, Melloni was unable to detect any difference 
of quality (Op. cit., p. 325) ; but between the heat radiated from a source at 100°, and 
that radiated from a source at 400°, he found very marked differences. By experiment- 
ing in a similar manner, Knoblauch could not detect any difference of quality in 
the heat radiated by such various substances as metals, wood, porcelain, leather, cloth, 
and cardboard, when heated to temperatures between 30° and 112° (Pogg. Ann. lxx. 
352). Moreover, Draper (Phil. Mag. [3] xxx. 345) found, by heating very various 
substances, such as platinum, chalk, marble, fluor-spar, brass, antimony, gas-carbon, 
and lead, in a gun-barrel, that they all became red-hot, that is to say, they all 
began to emit red rays, at the same temperature, estimated* at 625°; and it has been 
shown by Kirch hoff (Ann. Ch. Phys. [3] lxii. 179), that, on theoretical grounds, 
such must he the case: that, in fact, all bodies whose temperature is gradually raised 
begin by e mi t ting rays of the same wave-length ; at a certain temperature all become 
red-hot, and at a certain higher temperature, which is the same for ell, they begin to 
emit orange rays, then at a still higher temperature yellow rays, and so on — rays of 
greater and greater refrangibility making their appearance as the temperature rises. 
This conclusion is in exact accordance with an experiment long previously made by 
Draper (loo. cit.). This consisted in examining, by means of a prism, the rays 
* emitted by a platinum-wire raised to successively higher and higher degrees of in- 
candescence by sending an electric current through it. The first visible rays which 
the wire emitted were red ; then* when the temperature was raised to about 655 °, the 
prismatic appearance of the wire was that of a spectrum extending from the red as far 
ps Fraunhofer’s line F in the green (iii, 621); at a temperature estimated as 718°, a 
narrow strip of blue was visible in addition to the previous^ colours ; at 782° the 
spectrum reached towards the more refrangible end as far as the line G in the indigo, and 
at the other end, the portion between the lines B and A which was not visible at first, 
had made its appearance, thus proving that the emission of rays of greater refrangi- 



bilifcy waa accotopanied by increased intensity of the rays previously emitted. Lastly 
at 1 166°, the extent of the c$ecteum wasnearly equal to that of daylight J 

But although the quality or wave-length of the individual rays whffh constitute the 
• total radiation from a heated body, depends solely upon the temperature and not upon 
the nature of the radiating body, the latter circumstance exercises an important influence 
on the relative intensities of the rays of different wave-length. Comparing radiant 
heat for a moment to a compound substance, we may say that the radiation from 
different sources at the same temperature consists of the same component parts, hut 
that these components are not present in all cases in the same relative proportions. 
Hence when the radiation from different sources at the same temperature is examined 
as a whole, it sometimes appears to differ not only in intensity, but also in quality : 
whereas the real difference is in the relative intensity of the rays of particular wave- 
lengths. It is in this way that we must interpret the observations of He la 
Pro vost aye and Des&ins on the heat radiated from a surface of copper, heated to 
173°, one half of which was covered with lampblack, and the other half with cinnabar: 
observations which proved that the quantity of heat capable of passing through a thin 
sheet of glass which was radiated by the lampblack, was to the quantity of heat capable- 
of passing through the glass radiated by the cinnabar, as 100 to 67, although the total 
quantities of heat radiated by the two substances respectively were to each other as 100 
to 87. The same remark applies to the experiments of Melloni ( Thermochrose , p. 178), 
Knoblauch (Pogg: Ann. lxxi. 63), and Tyndall (Phil. Mag. [4] xxviii. f>27) on 
the different characters of the heat radiated by certain feebly luminous flames, and by 
a spiral of platinum-wire made incandescent by the same flames ; as well as to 
Tyndall’s experiments (ibid, p, 614) on the differences between the radiation from 
lampblack and platinum at 100°. In certain experiments by Magnus (Pogg. Ann. 
exxiv. 476 ; Phil. Mag. [4] xxx. 81), which appear at first sight to establish a difference 
of quality, between the heat radiated by polished platinum and by platinum covered 
with a pulverulent coating of spongy platinum, depending on the nature of the radiat- 
ing surface, the observed effects were clearly due in reality to difference of temperature, 
the platinised platinum having a greater emissive power than the bright platinum, and 
being in consequence more cooled than the latter. Accordingly, the general result of 
the experiments was that the rays of greatest wave-length (lowest refrangibility) 
constituted a larger proport ion of the total heatradiated by the platinised platinum than 
of that radiated by the polished metal. 

In further illustration of the qualitative differences between the heat radiated by 
different sources, it may be mentioned that, according to Tyndall’s experiments, the 
proportionate intensity of the rays, whose wave-length is greater than that of red 
light, to the intensity of the total radiation is as 24 : 25 for the radiation from the 
brightest part of a flame of coal-gas, as 23 : 24 for the radiation from platinum at a 
dazzling white heat, and as 9 : 10 for the radiation from the electric light produced by 
discharging a Grove's battery of 40 cells between carbon points. 

In the case of most solid bodies that are sensibly opaque for both light aud radiant 
heat, the emissive power does not exhibit any abrupt variations for rays of different 
wave-lengths; certain transparent solids, however, have decidedly greater powers of 
emitting rays of certain determinate wave-lengths, than they have of emitting other 
rays {vid. infr. p. 60). Gases and vapours, on the other hand, generally possess very 
marked maxima of emissive power corresponding to particular rays : thus, the emissive 
power of sodium-vapour is incomparably greater for a group of orange-yellow rays,; 
coinciding in refrangibility with Fraunhofer’s line D, than for any other visible rays ; 
lithium vapour has a maximum of emissive power for red rays of refrangibility 
intermediate between Fraunhofer’s lines B and C, another, but much smaller maximum 
for orange rays of somewhat less refrangibility than the line D, and a third, still 
smaller maximum, for blue rays intermediate in refrangibility, between the lines F 
and G ; potassium-vapour, again, has maxima of emissive power for red rays, equal 
in refrangibility with the line A, and for violet rays somewhat less refrangible than 
the line H, while, for nearly all the rays whose refrangibilities are intermediate 
between those of the lines C and F, it has a low, but almost uniform emissive power 
(See Light, iff. 622; also Sfectbajl Axaxysis).. About the emissive powers of 
vapours and gases for rays of lower refrangibility (greater wave-length) than the 
least refrangible red rays, nothing exact is known ; but there is no reason to doubt 
the essential similarity of their invisible to their visible radiation ; and Ty n dall has 
shown that, at temperatures not very greatly exceeding the ordinary temperature of the 
atmosphere, there an well-marked differences between the emissive powers of different 
gases and vapours. 



ibsorption of Radiant Beat 

>r eatBiftined already (p 43), that when radiant heat arrives at the surface 

4i53M part of it U aivnyn reflected, either regularly or tfffiisiTefy ; bat- 
”t« iSHUSsn is never complete; another portion of the heat penetrates into the 
snbsianca of the body, and according to the particular properties of the latter, is either 
wholly or in part transmitted through it, or is wholly or in part annihilated, causing 
an increase of temperature in the body. It is this extinction of radiant heat 111 
causing rise of temperature in material bodies, that constitutes the phenomenon of 
absorption. Upon the undulatory theory of radiant heat, we must conceive of it as 
consisting in the production of vibrations of material particles by the impinging 
waves of ether. Upon this view, it is obvious that the vibrations excited by radiant 
heat can never be more rapid than those of the rays themselves, nor, therefore, than 
those of their source ; in other words, a body can never be raised by radiation to a 
higher temperature than that of the body from which the rays are emitted ; and it is 
likewise obvious that whatever rays a body most plentifully 'emits, those it will also 
most plentifully absorb. Both these deductions from theory have received the most 
complete verification from experiment; in fact the phenomena of absorption have 
been found to present, even in the minutest particulars, the exact counterpart of those 
of emission, as upon the undulatory theory they must necessarily do. 

The absorptive power of a substance, or its coefficient of absorption , is the ratio of 
the quantity of heat absorbed to the quantity of heat which, is incident upon it. 
Calling the quantity of heat absorbed Q* and the total quantity of incident heat Q, the 
coefficient of absorption may be represented by 


A « — 

<“■ ” 


9l 

q 


If a body absorbed all the heat which fell upon it, its coefficient of absorption 
would attain a maximum value =* 1, but the absorption-coefficient of iio known 
substance quite reaches this maximum, though that of lampblack probably makes a 
near approach to it. 

The experimental measurement of the absorptive powers of different substances is a 
problem of considerable complexity. The first person to attempt its solution was 
Sir Joh n Leslie ( Experijnental Inquiry into the Mature of Beat, London, 1804). He 
coated the bulb of a differential thermometer successively with the different substances 
to be examined, and observed the temperature which the thermometer attained in 
rach case when it was exposed to the radiation of a source of constant intensity. The 
results were stated with reference to the absorptive power of lampblack ; calling theab- 
sorptive power of this substance A lt and the excess of temperature above thesurround- 
ing air attained by the thermometer when its bulb was coated with lampblack t lt 
Leslie assumed that the relative absorptive power A of any other substance which 
caused the thermometer to acquire the excess of temperature t, might be deduced from 
the equation 

A _ l 

A x tj 

This assumption, however, is not correct. "When the thermometer has become stationary 
at some maximum point of temperature, it is because it is then giving out precisely aa 
much heat as it absorbs. If we denote by Q the constant quantity of heat which falls 
upon the thermometer, the quantity absorbed in the two cases will be 

Q . A and Q , A 1 ; 

andifS is the superficial area of the thermometer- bulb, and E x and E the respective 
emissive powers of lampblack and the substance to be compared with it, we shall have 

QA *?» SEf and QA X =* • SEjtfj, 


or 

A, ti 

Hence we see that the temperature attained by the thermometer depends on the 
emissive power as well as on the absorptive power of the substance with which it is 
coated, and oan only be taken as a measure of the former, on the supposition (which 
we know to be erroneous) that the emissive power of all substances is the same. 


A somewhat similar but rather more accurate process was employed by Mellon i* 
.Ho coated one side of a thin copper disk, a little larger than the opening of the conical 
reflector of the thermo-electric pile, with lampblack, and the other side with the sub- 
stance to be examined, and fixed it close against the open end of the reflector with the 





blackened side inwards. On now exposing the cuter efface of 
from any source its temperature rose, arid it consequently itself wSt 

from its blacke ne d surface upon the thermo-electric pile, thus can « of 
the galvanometer, which, after a certain time, reached a maximum atwhiowSpifetacd 
constant. Denoting, as before, the quantity of incident heat by Q, the abs^i^MJfd 
emissive powers of the substance Dy A and E, and the corresponding q uan tities in 
the case of lampblack by A 2 and E lf and further putting S for the area of one side of 
the disk, we hare for the quantity of heat absorbed by the disk QA, and for the 
quantity of heat emitted by it SEtf + 8E t t t where t represents the excess of the 
temperature of the disk above that of surrounding objects. When the temperature 
of the disk has become stationary, these two quantities of heat are equal, that Is . 

Q.A - fl( E + E^.f; 

and if both sides of the disk are covered with lampblack, its temperature beoomes 
stationary, when 

Qr . Aj *=* 2SEj . ti 

Hence for the relative absorptive powers, we have 

A ^ E + Ej t 
A* 2E| 

E + E 

It is evident that the value of the factor — , which appears in this equation, 

must always lie between the limits £ and 1, and that it is always more nearly equal to 
E 

unity than factor ^ , which occupies the corresponding place in the equation 

applicable to Leslie’s experiments; in other words, the effects measured by Me lion i 
were more nearly proportional to the absorption-coefficients of the various substances ‘ 
than the effects measured by Leslie. The values of the absorptivo powers of various 
substances, as thus estimated by Me lion i, are given in the following table, compared 
with the absorptive power of lampblack taken as 100: — 


Source* of Heat. 



Lampblack • • 

Indian ink . , 

White lead . , 

Isinglass • 

Gum-lac 

Metallic surfaces. 


This table shows not only that different substances differ greatly in absorptive 
power, those substances which have the greatest emissive powers being also the best 
absorbers, but also that the Bame substance exerts very different absorbent actions on 
radiant heat from different sources. And it may be observed that although, for the 
reasons already stated, the numbers in this table oo not represent quite accurately the 
relative absorptive powers of different substances, they do express accurately the 
relative absorptive powers of the same substance? for different kinds of heat. For, if 
we denote by A and A’ the absorptive powers of the same substance, for the heat from 
two different sources, and by t and z the excess of temperature attained by the disk 
under the radiation from the respective sources, we shall have for the conditions of 
equilibrium of temperature in the two cases, 

QA — 8 (E + Ej) . t and QA' - S(E ■+ E,)* 

the difference between t and f being, under the circumstances of the experiment* so 
small that we may consider the emissive power of the substance constant, and represent 
it in each case by E. Hence we get as above : — . 

■£. - j and ! jL - . •- 

An 2E l i l A, Z£f ti ■ 
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ofo* discussion of Leslie's and Mdtem’i ^ 

ier to be able to deduce the absorptive powere of wope eubrtanae. 

, of temperature which ft" "" A " th ‘ “ al - 


ns of the experiments must 1 


» such that the quantity of heat emitted 

nc# shall be the same. . 

f -— TC re fulfilled for the first time in > the experiments,* De la Pro vo- 
—yo^ndpTsains (Ann. Ch. Phys. [3] xxx. 431), the general Mino.pl* of whose 
Sid will be intelligible from the following considerations. If a thermometer. 


placed inside a dosed and exhausted envelope, remains at a constant tempeiatnw,it caa 
onHe because tbs quantity of beat which it emits in a given time, m precisely equal 
to the quantity it absorbs of the beat radiated upon it from the envelope; The quan- 
tity of beat emitted in a unit of time is plainly = v.P.c.if v denotes the rate of cooling 
of the thermometer under the given conditions of temperature, P its mass, and e its 
specific heat.' Hence, if Q is the quantity of heat radiated by the envelope, and A the 
coefficient of absorption of the substance, 

QA - V . P , o 


If now the same thermometer is covered with lampblack, with the absorption-coeffi- 
cient A J( the envelope aud its temperature remaining unchanged, we have also 


and therefore 


QA X « « t . P . * 



that is to say, the determination of the relative absorbing powers is resolved into a 
determination of rates of cooling. 

In the practical application of these principles, he la Provostaye and Desains 
employed a very sensitive thermometer with a spherical bulb, which they coated suc- 
cessively with the substances to be examined. The thermometer was fixed in each 
experiment in exactly the same position in the interior of a metal globe, blackened on 
the inside, exhausted of air as completely as possible, and kept at a constant tempera- 
ture by being surrounded with water. In the side of the globe was inserted a convex 
lens, the focus of which was a little in front of the thermometer-bulb. By means of 
this lens, the surface of which was so small, compared with the total interior surface of 
the globe, that it did not make the loss of heat by the thermometer sensibly different 
from what it would have been if the surface of the globe had been unbroken and of a 
uniform temperature throughout, the heat of the sun or of a lamp could be concentrated 
upon the bulb of the thermometer. The temperature of the thermometer then rose, 
until it became stationary at the point at which the loss of heat by radiation exactly 
balanced the gain of heat by absorption. Tho stationary temperature having been 
found, the rate of cooling corresponding to this temperature was ascertained by sepa- 
rate experiments ; and such determinations having been made when the thermometer 
was coated with several different substances, the coefficients of absorption of these 
substances could be deduced as above explained. The following table gives the 
results obtained, compared with the coefficient of absorption of lampblack taken as 
unity : — 


Relative Coefficients of Absorption. 


| Solar heat. 

Substance. 

Coefficient! of 
Absorption. 

White lead .... 

0*19 

Gold-leaf .... 

013 

Silver-leaf . . . 

0-075 

| Heat of a “Moderator "lamp. j 

Platinum black . 

1 

Cinnabar . * * . 

0*285 

White lead .... 

0*21 

Sliver, pulverulent 

- 0*21 

Cbld-leaf .... 

0*04 




In the ease of certain substances, another method is applicable for 
of their coefficients of absorption, and this method gives absolute 
coefficients, and not merely comparative values referred to some one 
arbitrarily as a standard. According to what was said above (pp. 43, 
of radiant heat Q falling upon a material body is in general broken up into 
of which one QA is absorbed, another QT is transmitted, another OR 
fleeted, while the last QD is diffusively reflected. Hence, we may write w ^ 

Q « Q(A + T + R + D). 

But, for metallic substances, the power of transmitting radiant heat is imperceptible* 
and many of them , when, thoroughly polished, do not diffiise any sensible quantify of 
heat Hence , for perfectly polished metals, T and D in the above equation both 
become * 0, and, for the coefficient of absorption, we hare the expression 

A Q-QR 
A " 5 ' 

For such substances, therefore, the coefficient of absorption maybe found by dividing 
the difference between the reflected heat and the total incident heat by the incident 
leat. In this way, be la Provostaye and Pesains (Joe. cit. p. 442) obtained the 
lumbers given in the following table. They remark that they may be considered as 
mplicable to all incidences between 0° and 70°, but tli.it they must be a little in excess 
>f the truth for such metals as cannot be polished sufficiently to completely destroy 
liffusive reflection:— 

Coefficients of Absorption of Polished Metals, 


1 Source of Heat. 


The Sun. fcmp. Tamp. ftt 400 °* 

Steel .... 0*42 0*34 0*175 0'12 

Speculum metal . . 0*34 0*30 0*145 

Platinum . . . 0*39 0*30 0*17 011 0*105 

Zinc 0*32 0a0 

Tin r • • • , • 0*32 0*15 

Brass 016 0*07 006 0*055 

Gold. . . . 0*13 • • 0045 . - 0045 

Plated silver, very ) 0 , 08 0 . 036 0 . 025 

bright l 

The close agreement between the numbers given in this table and those given in 
the last for the absorptive powers of gold and silver for solar heat, prove that the num- 
bers of the last table may likewise be taken as very nearly representing the absolute 
coefficients of absorption of the substances included in it, or that the coefficient of * 
absorption of lampblack is very nearly equal to unity, as it is there assumed. 

We may mention here an observation of De la Provostaye and Desains which 
illustrates very strikingly the important influence of the emissive power of a substance 
as well as of its absorbing power, on the facility with which it is heated by radiant 
heat. They placed under the receiver of an air-pump a differential thermometer, one 
of the bulbs of which was covered with gold-leaf, and the other with white load, a 
small blackened metallic screen being placed between them in order to intercept their 
mutual radiation. After the receiver was exhausted, a powerful lamp was placed 
symmetrically with respect to the two bulbs bo as to radiate equally upon each of them, 
when it was fo un d— "-notw ithstan ding the absorptive power of white lead for the heat 
of the lamp being 0*21 and that of gold-leaf only 0*04— that the gilded bulb was most 
heated. This, at first sight, paradoxical result is easily understood when it is remem- 
bered that, although white lead absorbs five times as much of the heat of the lamp 
as gold-leaf does, its emissive power for obscure rays is twenty-five times as great as 
that of gold-leaf. 

By comparing the above numbers and those of Mellon! (p. 67) with tbe^ numbers 
previously given (p* 48), for the emissive powers of various substances, it will be 
seen that the best absorbers of heat are also the bodies which radiate most abundantly, 
while the worst absorbers are also the worst radiaters. And if this comparison is 


006 0*055 

. . 1)045 


carried fqrther, it is found that the correspondence between the absorptive and emissive 
powers of bodies is not merely general but exact; that, in fact, any enreamsfeance which •’ 


modifies the emissive power of a body in any manner w hatever, modifies its abac 
power to a precisely similar 'extent, and in precisely the saibe way. Thus, 1 


the emissive pewersof certain substances at 100°, and of the 
fewer* of the same substances for the heat radiated by copper at 100®, we 
►wing, results:— 




Emissive Powers. 

Absorptive Powers 

Lampblack . 


. . 100 

100 

White Lead . 


• 100 

100 

Isinglass 


91 

91 

Indian Ink . 


86 

85 

Gum-lac 


. . 72 

72 

Metals . 


. . 12 * 

13 


Again, it has been mentioned (p. 50), that when a heated body is covered with a thin 
coating of a substance which is more or less transparent for heat, the emissive power 
increases with the thickness of the superficial film. Precisely similar results have been 
obtained by Knoblauch in the case of absorption. He covered a metallic plate with 
layers of varnish, black lac, and white lead of various thicknesses, and found that in" 
each case the absorption increased with the thickness of the layer. In order, however, 
that this effect may be perceptible, it is necessary that the total thickness should be 
but small ; otherwise the external coating, in consequence of its low conducting power, 
becomes heated at the surface, and then the increased emission more than counter- 
balances the better absorption. 

The correspondence between emission and absorption naturally extends to visible 
radiant heat (light), as well as to invisible heat, and in this case many very striking 
observations in- confirmation of it can be made with very simple means. For instance, 
Balfour Stewart has pointed out (Proc. Roy. Soc. x. 385), that when a black and 
white china cup is heated in the fire and held in the dark, the parts of the pattern 
which by daylight ore black, in consequence of their absorbing nearly all the visible 
rays which fall upon them, arc more luminous than the parts which by daylight are 
white, in cohsequenco of diffusively reflecting nearly all the visible rays which they 
receive. The same observer has also shown that media, which are opaque for certain 
rays but transparent for others, emit, when heated, rays of the kind for which they are 
opaque ; thus, red glass which absorbs greenish rays, emits greenish rays when heated 
and viewed in the dark; while green glass, which absorbs red rays, emits red rays. 
The emission and absorption of rays of the same wave-length is still moire strikingly 
exhibited by gaseous bodies. It has been already staled (p. 56), that these substances 
usually emit rays of certain definite degrees of refrangibility, or length of wave, with 
much greater intensity than other rays, and it has been proved by Kirchhoff that 1 the 
rays which a gas or vapour most readily absorbs are precisely those which it most 
freely emits (see Light, iii. 622). The identity in the absorbing and emitting proper- 
ties of the same body has been found to hold good even in respect to the state of polar- 
isation of the rays absorbed or emitted. Thus at ordinary temperatures a plate of 
tourmaline, cut with faces parallel to the principal axis of the crystal, transmits, with 
little diminution of intensity, rays polarised in a plane perpendicular to the axis, but 
absorbs almost completely rays which are polarised in a plane parallel to the axis 
(iii. 656); and Kirchhoff (Ann.Ch. Phys. [3] lxii. 186) has found, notonlythat this 
difference of action on differently polarised rays is retained, though in a less decree, at 
temperatures at which tourmaline itself becomes luminous,, but that the light which the 
crystal then emits is polarised in the same manner as the light which it absorbs. The 
same fact was independently observed, at about the same time by Stewart (Proc. 
Roy. Soc. x. 603), who also showed that the absorption and radiation of heated tour- 
maline are equal in degree as well as in kind. 

Among the non-luminous rays, differences of refrangibility are not recognisable by 
any character so distinctly marked as the various colours which reveal such differences 
in the case of the visible rays ; hence, at temperatures below that at which they become 
luminous, it ib less easy to demonstrate that the rays which particular substances give 
out are identical in quality with those which they absorb. Nevertheless the following 
observations seem to prove conclusively that such is the case. Colourless rock-salt, 
which is perfectly transparent for visible rays, is likewise so transparent for the invi- 
sible rays emitted by a surface of lampblack at 100°, that a plate of rock-salt 0*77 inch 
thick allows 76 per cent of them to pass, whereas the same plate allows only 80 per 
cent, to pass of the heat radiated by rock-salt at 100°. Similarly, a thin plate of crown* 
glass allows only half as much heat from heated crown-glass to pass as from heated 
lampblack. (B. Stewart. Op. cit. p. 887.) 

It has also been shown by Tyndall (Phil. Mag. [4] xxviii. 618) that squeoua 
vapour is specially opaque for the heat of a hydrogen flame, wherein the principal 
Yadiatar is no doubt aqueous vapour; that carbonic anhydride is especially opaque w* 



the heat of a carbonic oxide flame; and sulphurous anhydride for the heat radiated 
by the flame of sulphide of carbon. * 

From the foregoing facte, we may conclude that the difference between the two tyro* 
ceesee of emission and absorption of radiant heat, is a difference of the kind wmclf, 
would be represented in mathematics by a difference of sign. The mechanism of the ' 
two processes, if we may use the expression, appears to be absolutely identical, 
but in the one case it operates in the opposite sense to what it does in the other. 

The equality of emission and absorption may be deduced from the fact that a body • 
which is in equilibrium with surrounding objects undergoes no change of temperature 
when the condition of its surface is changed. A thermometer, for instance, is not 
affected by wrapping its bulb in muslin ; and since in this case its emissive power is 
greatly increased, its temperature can be maintained unaltered by the same quantity of 
heat falling upon it from without, only if its power of absorbing this heat is increased 
in exactly the same proportion. 

Transmission of Radiant Heat 

In previous parts of this article, we have already had occasion several times to speak 
of the differences exhibited by various bodies in respect of their power of transmitting 
radiant heat, and of the differences shown by the same body in its power of transmitting 
heat from various sources. Before proceeding to a somewhat more detailed considera- 
tion of the phenomena of transmission, it will be convenient to explain certain terms 
that are often employed in the description of them. These terms were introduced by 
JVlelloni to facilitate the conception and expression of the fact, first clearly established 
by his own researches, that the relations of the invisible rays of heat to material bodies, 
arc essentially identical with those of light. Bodies which, like atmospheric air, rock- 
salt, glass, &c. — afford a more or less free passage to rayB of heat, are called by Melloni 
diathermic; while those which like the metals, entirely obstruct the passage of 
radiant heat, are called adiathermic; the corresponding properties, which we have 
hitherto in this article spoken of as transparence and opacity for radiant heat, being 
called di at her macy and adiathermacy, sometimes* also diathermaneity and 
ad i at h e rm an e i ty. The property of selective transmission which most diathermic bodies 
possess, that is the property of transmitting rays of certain wave-lengths, and not 
transmitting other ra\s, is called ther.mochrose (from Beppby and xp^tnr), and bodies 
which possess this property are termed t h e r m o c h ro i c, and those which do not possess 
it ath er mochroi c. The terms thermochrose and thermochrore are, however, also used 
in reference to sources of heat in whose radiation rays of certain wave-lengths predo- 
minate, and to the heat itself which such sources give out, as well as to adiathermic 
bodies which exhibit a power of selective absorption or reflection ; just as, in the case 
of light, the words colour , coloured , &c., are used equally in speaking for instance, of 
the flame of alcohol charged with chloride of sodium, of the light which such a flame 
gives out, of a piece of yellow glass, or of a piece of gold, aud the same word, yellow , is 
used to describe the light itself, the flame which emits it/ the glass which transmits it, 
and the metal which reflects it. 

By maintaining , a constant source of heat at a -constant distance from the thermo- 
electric pile, and interposing between them various substances in succession, Melloni 
was able to determine, on the one hand, the influence of the transmitting substance on 
the quantity of heat transmitted ; and by placing different sources of heat at such 
distances from the thermo-electric pile that each caused the same deflection of the 
galvanometer, and interposing the same substance on the path of the rays from each 
source, he was able, on the other hand, to measure the influence of the source of heat 
on its transmission. The following tables contain the results uf a large number of ex- 
periments of this kind. 

The four sources of heat employed in the experiments, the results of which are given 
in the first table, were— 1st, an oil-lamp (Locatelli’s), with a solid, square wick and 
without chimney ; 2nd, a spiral of platinum-wire heated to incandescence in the flame 
of a spirit-lamp; 3rd* a plate of copper- covered with lampblack, and heated to about 
400° by the flame of a spirit-lamp applied to the back of it ; 4th, a cubical copper vessel 
coated with lampblack, and filled with water at I00°» The next table gives in like 
manner the intensity .of the heat of an Arg&nd oil-lamp, provided with a glass chimney, 
after passing through a thickness of 9*21 millimetres of certain liquids, enclosed 
between plates of glass, t the intensity of tha incident heat bring taken as 100 :—* 



RADIATION AND CdjmtJCTKMf. 

Tnmmitewn o/Bodiant Beat by Bolide. 


Subitancei. 

(Reduced to a common thtcknesa of 
2*6 millimetre*.) 


Hock-salt (limpid) 

Sulphur (Sicilian, yellow) . 
Fluor-spar (limpid) . 

Rock-salt (translucent) 

Beryl (greenish-yellow) 
Fluor-spar (greenish) . 

(limpid) . 
(limpid) 

Hock-crystal (limpid) . 

it ,, (smoky) . 

Potass ic bichromate (orange) 
Topaz (limpid) . 

Carbonate of lead (limpid) . 
Sulphate of barium (translucent) 
Felspar (adularia ; translucent) 
Amethyst (violet) 

Artificial amber (yellow) . 

Beryl (aquamarine ; bluish-green 
Agate (yellow, translucent) . 

Sodic borate (translucent) . 
Tourmaline (dark-green) . 

Gum (common; yellowish) . 
Heavy spar (veined, translucent) 
Selenite (limpid) „ , 

Citric acid (limpid) . , 

Amnionic carbonate (translucent / 
Streaked) ... I 
Potassio-sodic tartrate (limpid) . 
Amber (natural; yellow) . 

Alum (limpid) ’ 

Gluo (yellowish-brown) „ 

Fluor spar (dark green, veined) , 
Melted sugar (barley-sugar? yel- > 
lowish) • • • t 

Ice (limpid) .... 


Percentage of Heat transmitted— 
from 


/ Locatelli'f 
/ lamp. 

/ fncandescen 
platinum. 

t / Copper 
/ a t400°. 

/ Copper 
/ at 100°. 

02*3 

92*3 

92*3 

92 *8 

74 

77 

60 

64 

72 

69 

42 

33 

65 

65 

65 

65 

64 

23 

13 

0 

46 

38 

24 

20 

(39 

28 

6 

0 

J 38 

28 

5 

0 

(39 

24 

6 

0 

J 38 

26 

6 

0 

38 

28 

6 

3 

37 

28 

6 

3 

34 

28 

15 

0 

33 

24 

4 

o 

32 

23 

4 

0 

24 

18 

3 

0 

23 

19 

6 

0 

21 

9 

2 

0 

21 

5 

0 

0 

19 

13 

2 

0 

19 

12 

2 

o 

18 

18 

8 

o 

18 

16 

3 

0 

18 

3 

0 

o 

17 

11 

3 

o 

14 

5 

0 

0 

11 

2 

0 

0 

12 

3 

0 

0 

ii 

3 

0 

o 

n 

A 

* 

0 

0 


Transmission of Radiant Beat by Liquids. 


Name of Liquid. ( Thlcknem or stratum 
“= 9*21 millimetre*.) 

Bisulphide of carbon (colourless) . . 

Bichloride of sulphur (dark garnet-red) 
Phosphorous chloride (colourless) • , 

Chloroform (colourless) . 

Nut-oil (yellow) . . . # \ 

Oil of turpentine (colourless) . % 

Oil of rosemary (colourless) . 

CoLca-oil (yellow) . , % 

Olive-oil (greenish-yellow) ’ 

Hock-oil (brownish -yellow) . , 

Bdsun of copaiba (yellowish-brown) \ 
Oil of lavender (colourless) , , 

Poppy-oil (yellowish- white) 


Percentage of Hast 
Irnnunltted from 
Argand lamp with 
glaii chimney. 
63 

. 63 

. 62 

• 87 

. 81 

. 31 

. 80 

80 

. 80 

. 28 

. 26 

. 26 

• 36 



TR ANSMISSION OF BAraANT HEAT. 

■ . m - . 

Transmisrion <f BadianfBeat If lifmdt (eastinned). 


M 


Name of Liquid. (Thfckneu of atralom 
a 9*SI millimetres.) 


Percentage of Heel 
transmitted from 
Artaud lamp with 
glass chimney. 


Rectified naphtha (colourless) • . • . 26 

Ether (pure; colourless) 21 

Sulphuric acid (pure ; colourless) . . . . 17 

Nordhausen sulphuric acid (brown) ... 17 

Solution of ammonia (colourless) . . . . 16 

Concentrated nitric acid (colourless) ... 16 

Absolute alcohol (colourless) » 16 

Hydrate of potassium (colourless) ... 13 

Rectified acetic acid (colourless) .... 12 

Pyroligneous acid (brown) 12 

Solution of sugar (concentrated, colourless) . . 12 

Solution of rock-salt (colourless) . . » . 12 

Solution of alum (colourless) .... 12 

White of egg (yellowish- white) . . . . 11 

Distilled water 11 


The following Bhort table gives the quantities of heat transmitted through a layer of 
water 60 millimetres in thickness, contained between highly polished plates of glass, 
according to the experiments of De la Provostaye and l)esains (Ann. Ch. Phys. 
[3] xxx. 286). These results illustrate very well the influence which the source of 
heat exerts upon the relative proportion in which it is able to pass through the same 
medium. The numbers of this table represent the intensity of the heat transmitted 
from each source, the intensity of the incident heat being in each case taken as 
= 100 :— 

Transmission of Radiant Heat through Water 


Source of Heat. 

The Sun. Solar rays which had already passed through 62 centi- 
metres of water . . 

The Sun. Total Solar radiation ...... 

Argand lamp. Rays which had already passed through a lens 

and 10 centimetres of water 

Electric light (carbon points) 

Lime made incandescent in the flame of ether fed with oxygen . 
The Sun. Invisible rays from a part of the spectrum as 
for beyond the red as the distance between red and the limits 

of the green and blue 

Locatelli or Argand lamp with chimney . . 

Flame of alcohol saturated with chloride of sodium . 

The Sun. Invisible rays still less refrangible than the above . 


Percentage 

transmitted 

92 

68 

61 

23 to 24 
20 


14 

10 

2 to 3 
0 * 


After the explanations that have been already given, the results recorded in the 
above tables do not call for much further discussion. We must, however, direct 
attention to the remarkable properties of rock-salt in relation to radiant heat. It will 
be seen that, according to Me lion i*s experiments, a plate of dear colourless rock- 
salt transmits the same proportion (92*3 per cent.) of the heat which falls upon it, from 
whatever source. Hence Mellon i concluded that rock-salt exerts no absorbing power 
whatever on heat-rays of any kind, or that it is in fact perfectly diathermic and ather- 
mochroic. The 7*7 per cent, by which. the intensity of the incident rays is diminished 
by passing through a plate of rock-salt, Melloni attributed to the effect of reflection * 
at the surfaces of entrance and exit, not to absorption within the substance of the 
plate ; for if this loss were due in whole or in part to absorption, its amount could 
hardly have been the same for heat from sources so greatly differing in temperature. 
This conclusion is supported by the further observation of Melloni, that the quantity of 
heat transmitted by perfectly clear and transparent rock-salt is independent* of its 
thickness, being always 92*3 per rent, of the neat incident upon it ; whereas if two 
plates of mxft-aalt are used instead of one, in which ease the number of reflecting , 

surfaces is doubled, the percentage of heat transmitted is reduced to — x 

66*2. According, however, to the more recent exper ime nts of De la Provostaye . 
and Deaains (Oomph raid, xxxvi, 84, 1073), as well m of Tyndall (Phil. Mag. [4] 
xxvitt. 532), rock-salt does exert a slight but perceptible absorbent action upon rays from 



aonse&s of loir fempera^mi and an experiment of Stewart's has been already 
mentioned (p. 60 ) which shows it to be opaque to a great extent for raja emitted by 
rock-salt , 

In the case of all other substances except rock-salt, the thickness of the transmitting 
stratum, as well as the nature of the source of heat, has a groat influence on the 
amount of heat transmitted. TJie effect of variations of thickness was made by 
MeLloni the subject of an extended experimental investigation, but, before giving the 
numerical Mgtalts arriyed at by him, it will be well to explain the theoretical investi- 
gation of the same subject by .Biot (Mini, de VAcadim. des Sciences, xiv. 466.— 
Dagul n’fl Traiti Ulmentairc de Physique, ii. 62). Suppose a pencil of rays of sensibly 
the same wave-lfngth to fall perpendicularly upon a plate of some diathermic Bubstanee 
and let "the intensity of the pencil be represented by I, the reflecting power of the 
surface of the plate by r, and the thickness of the plate by e. Then a pencil of the 
intensity Ir will be reflected at the first surface, and the intensity ty the pencil which 
enters the plate will be I (1 - r). Of this, a certain proportion will undergo absorption 
while traversing the plate, the amount of absorption being some function/ (e) of the 
thickness, which has to be determined. The quantity of heat which arrives at the 
second surface will therefore be I (1 — *■)/ (e). Here a second reflection will take 
place, whereby a fraction r of this heat will be kept, b£ck, ana the quantity which 
issues from the plate will consequently be 

1(1 -r)(I- 0/(4 * 

* If a second plate of the same substance, having the thickness e\ be placed in the path 
of the pencil emergent from the first plate, the intensity of the heat which issnes from 
■ the second plate will be found, by reasoning similar to the above, to be 
'* { i = I(Ur)»(l-OV(e)/(0. 

How let the same original pencil pass through a single plate, still of the same substance, 
but (jf the Aidless e + d\ the intensity of the emergent pencil will be found as above, 
to be W t . . 

. f -I(l-r)(l-ijj0/(« + 0. ,g: 

But it is flyftnd by experiment that f — »' (1 — r) (1 — /), that is to nr, that the loss 
by Absorption is the same for the same thickness of substance, whether this is disposed 
in two plates or united into one, the factor (1 - r) (1 - r) representing the additional 
loss by reflection in the former case. Henc^WC have 

> /(« + o -■/(# •/(<’). ■ 

, A .. which can only hold good if /(e) *» a*, where a is a constant dopendent on the nature 
^ of the substance and on that of the incident rays, so that/ (e) ,/ (e f ) m a*. a*' =» a*+<. 
Consequently, the expression fox the quantity q£ heat which paasee through a plate of 
the thickness c is 


■/*.* 1(1 -r) (l - r')a% 

which shows that the intensity of the transmitted heat varies according to a geometrical 
progression wh< n the thickness of the plate increases in an arithmetical progression . The 
ratio, a, of tho former progression, which depends as we hate said on the nature of the 
plate and of tho incident heat, is called the coefficient of transmission of the substance 
of which the plate is made, for the particular kind of heat in question ; it represents the 
quantity of heat transmitted through a thickness of 1 iflULinfetre. 

It follows also from the above considerations, that the quantities of heat absorbed by 
successive layers of equal thickness of the same substance likewise form a dimin ishi ng 
geometrical progression ; for, calling the intensity of the heat which penetrates the first 
surface of the substance I', we got, for the quantities transmitted and absorbed by 
successive layers of the same thickness, the following expressions •— * 


By the/rrf layer • 
By the second layer 
By the third layer . 


Tranimttted. 

. r<* 

Ta* 

IV 


AWOTDML 


r - l'« - I’ d -«) 

I ’a - IV - I ’a .71 - a ) 
IV - IV - IV . (1 - a) 


By the layer . . fo» I 'a — ‘-i IV - IV-* ! (If - a) 

If the incident pencil consists of rays of various wave-leogths» li4ving the i 
, [intensities I 9 , • ■ . • and if the coefficients of transmission of t v " J ‘ 
plate fin* those various rays are respectively a, a h a a , ...... the/ 

on emerging from a plate of the thickness e will be the sum of inm mi 
rays of each secoral wave-length, and will therefore be represented by 
(1 - r) (1 - V) (I «• + I, + ^ 

‘Hence it is evident that the composition or ihtrmackrostot ther -3 
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h *“? P«>«d weept^w the coefficient. «, «„ t, &e. 

•Nall equal. We fia.jt.jee ltnmedmtely that each of<t to ee deductions from theory 
y Ally confirmed by enrolment. 1 , J 

The results of Mellon i’s experiments on the transmfaion of heat through layers 
, of yaiyiag thickness are collected in the following table: — # 


Transmission of Radiant Reafrthrough layvrs qf variotu Thic 



By Subtracting the quantity of heat^bpnmtted by a layer of n millimetres in thick- 
ness from that transmitted by a layer H n — 1 millimetres, we obtain the quantity of 
heat absorbed by the w* stratum of 1 millimetre thick. Thus, for instance, for f 
absorption of the heat of a LocatellTs lamp by successive strata of water, 1 millimetre ' 
in thickness, we obtain the following mftults v 

Number of each stratum • . Ip 2 3 4 6 6 7 3 

Quantity of heat absorbed • . 80*7 5*4 2*5 1*4 0*9 0*3 0*4 0*2 

Here the diminution of absorption in successive strata . W the same thickness is 
very apparent, but the ratio of the absorption of a given stratum to the absorption of 
the previous one is by nd means constant, ’as, accorfljpg to the foregoing discussion, 
must be the case for homogeneous heat. The reason of this is, that the heat employed 
in the experiments was far from homogeneous, but consisted in part^of visible and in 
part of invisible rays, and each of .these .portions contained rays differing greatly from 
one another in wave-length. Cons&pnentry, the coefficient of transmission of water for 
visible rays being nearly equal to unity, biittery much less for invisible rays, the different 
component parts of the heat underwent unequal absorption, and hence the quality of the 
heat which arrived at each stratum wSs diflferent from that of the heat which arrived at 
the preceding and the sueceediug,#trata, rf^hen, however, 'Ihomog^neous heat is used, 
the absorption itf successive equal strata of the same material taSfoplace according to 
a regularly decreasing geometrical series. . This is dearly shown in the following ex- 
perimenlillSr K* s so n and Jamim ('Wwllner’s Jt^hrbuch . EsperimtntalphyMk 
jn. constituent rays of q beam of solar heat were separated from each other * 

by m£i v of a rock-salt prism, and a portion of the yellow ra*s of the spectrum so 
xuenfoMS ni allowed to. MI unon one. two. or three pieces of the sime yellow glass 


1 was j^lowed to aU upon one, two, or three pieces of the sdine yellow glass 
thidmeea, andt heintensity of the emergent rays was measured in each case, 
td&fc the thickneecbfeach piece efglasa by e, and its coefficient of tsmismission 
jSjpfequortUm by yre find the following values >*- " 


f tfM of yellow glass - A x - I fl.-r) 
$2^of yellow gl** -A,- ill - rWl «*, 


r lays WM nmet sUawqdto fell tipon ot#4wo, or three thicks 
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neflsog of clear colourless glass, whole coefficient of transmission was nedtrf to 

unity, and the intensity of the. heat transmitted in eacheasewus determined. Calling 
these quantities of heat respectively Bi, B a , and B 3 , we have#- 

B L • I (1-r) (l T r'); B, - I(l-r) a (l-/)*and B 3 = I(*-r)* (1-r?; V 

and cqhseguently = a * ; — « 2 “; an< ^'g® “ aU ' 

The coefficient* of transinisaioirfof one, two, and tiireo thicknesses of yellow glass w$re 
thus found, independently 0 f the effects of reflection at the surfaces. The equare-ijoot of 
the second and the cube -root of the thir# ought obviously to be equal to the first, if the 
calculation was made with perfect strictures, and the following numerical results show 
that such was nearly the case : — ■*'- 

Number of • . 

A Plate* of Girts. Heal transmitted. .**•• 

f 1 a* « 0-497 0*497 

2 «*• - 0*2097 ‘ ' 0*468 

3 a *• = 0*094 - 0*466 

The gradual decrease in the value of a® is to be attributed to tl*6 coefficient of trans- 
mission for colourless glass having been taken as exactly equal to unity, whereas in 
reality it is only nearly so. . • 

The following table, taken from Melloni ( Thcrmochrosc, p. 227), illustrateU^QU thw ' 
nther luind, tho change of quality which a pencil of lyjn-homogeneous radiant heat ' 
undergoes on passing through diathermic substances. The numbers inHhe table repre- 
sent the intensities of the transmitted pencils compared'to that of the incident pencil' 
taken as 100. The original source of heat was a Locatelli’s lamp, and the thick- 
* ticss tho plates, except whore otherwise stated, was 2*6 millimetres ■ 

Transmission of Radiant Heat through Two Media. 


Substances Interposed. 


Bock-flalt . 

Fluor-spar * 

Beryl . . . 

Iceland Bpar 
Ci lass (0 6 mm. thick) . 
Glass (8 min. thick) . 
Rock-crystal . . . 

Potassic bichromate . 
Sulphate «>f barium 
White ngato 
Felspar (adularia) 
Yellow umher . .« . 

Opaque black glass 
(1*8 mm. thick) 
Opaque black i 
(0*9 mm. thick) 

Y el low agate * 

Aquamuriua » 
Borax . 1 . 

Green tourmaline 
Common gum 
Gypsum 

Gypsum ( 12 mm. emesj 
Carbonate of ammo- 
nium 

Citric acid . 
Potnssio-sodic tartrate 
Alum , 


mica 


n*tbickj 



Percentage transmitted of the heatof a Xocatelll’s lamp 
after passing through a plate of 

radiation. 

* ;* 

Rock-salt. 

Alum. 

Potass Ic bi- 
chromate. 

Gypsum. 

Opaque 

black 

glass 

0*88 mm. 
thick). 

92*3 

92*3 

92-3 

92*3 

92*3 

92*3 

78 

78 ^ 

90 

88 

91 

91 

64 

63 

80 

66 

91 

. 57 

39 

40 

91 

66 

89 

55 

64 

54 

90 

68, 

85 

80 

34 

33 

90 

47 

82 

45 

38 

39 

91 

62 

85 

54 

34 

33 

57 

71 

53 

24 

24 .* 

25 

36 * 

25 

47 , 

57 

23 

23 

70 

30 * 

78 '• 

17 

23 

22 

23 

43 

58 

23 

21 

20 

65 

20 

61 

8 

K 

10 

0 

14 

' 18- 

52 

| 20 

19 

20 

0 

lS 

12 

43 

19 , 

57 

^4 * . 

64 

, 14 

19 

18 

60 

26 

67' 

21 

18 ‘ 

18 

23 

23 

n&s ^ 

24" . , 

18 

17 

1- 

14 



18 

18 

61 

12 

* 52- 


14 

14 

69 

22 ~ 

5A 


10 

10 

56 

17;, 

4*,:^ 


\ 12 

12 

44 

11 ; 

34 


11 

10 

88 

16 

53 


11 

11 

85 * ! 

16* \ 

V 60 


9 

9 

90 ' ! 

, 1 

V' * 

;: 47... \ 

_£I 


win uu ui uu' uve suosiances tnrough whicl 

was caused to puss fh those experiments, rock-salt is the on 


ieat of the lamp 
which did 
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iN# Jrajperti«ff ; all the other substances having strongly markka 
t|^J||och rays qfdiffertixt w ve-lengths with very unequa 1 
f&gtte ty (as may 1) eeufroin the fable on page 02), emit heat of decidedly different 
composition froth 'tmt |rhich falls upon them. Two of these substances indeed, alum 
and,. black glass* are jfo a great extent of opposite tkermocbroic properties : of the heat 
emergent from the plate of alum, 90 per cent, was able to passthrough a second 
.plate of the same material, but none of it was able to pass through a plate of. 
black glass j white of the heat emergent from tho lafter*body, 52 per coat. was trans- 
mitted by a second plate of the same kind, but none at. all w&£ transmitted by a.pbite 
df alum. Alum, although almost perfectly transparent for visible rays, is iq Very 
moderate thickne^er completely opaque for thy iuvisibte heat-rays; hence,' as shown by 
the table on page 62, it completely intercepts the heat radiated by sources at tem- 
peratures below visible redness. In this property alum gjosely resembles ice, and it 
probably owes it in great measure to the large proportion of solidified water (of ci^S- 
tallisution) which it contains.. Black glass, on the other hand, is very opaque fo? 
risible rays, $nd relatively transparent for invisible rays. Hence, to somo extent, it 
filters off the VisiBi^ rays, and allows heat richer in rays of great w ave-length to pass. 
This. effect, however, is’ produced much more completely by blackened rock-salt, or 
better still, *s Tynd all has shown (Phil. Mag. [4] xxviii. 3513), by a solution of iodine* 
iu bisulphide of carbon. Such a solution, though perfectly opaque for luminous rays, 
does p«Absorb any appreciable quantity of the rays of greater wave-length. Hence 
by placing a cell filled with this liquid _pu the path of a beam of rays from a powerful 
electric lamp, Tyndall has succeeded in cutting off completely the luminous rays, am 
obtaining a beam of invisible Heat-rays of very much greater intensity than has eve; 
been obtained in any Other way. 

By comparing the absorbing and transmitting powers of various substances fit tin 
liquid and vaporous staw, Tyndall has arrived ut tho important conclusion that th 
numbers by which jtjtesa properties are measured are to each other in the same relativi 
proportion in the' case of vapours, as in tho case of the liquids from which those vapouru 
are f0rmod (PhiL Hag* [4] xxviii. 461). The following tables contain some of tfcp 
results on which- this conclusion is "founded; the nujnbefcs express the percentage of 
the incident heat absorbed, tha. source of Heat ing a platinum wire heated by ^n 
electric current : — 

Absorption ‘Radiant Heat by liquids. 
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That the quality of the absorption of the same substance may remain constant, not- 
withstanding great changes of physical condition, is proved by the observation of 
Huns’en (Ann Ch. Pharm. cxxxi. 255), that phosphate of didymium in a state of 
igneous fusion shows the same absorption -band in the yellow as that which characterise*— 
didymium-salts in aqueous solution. (See ii. 322 ) 

Prom the great absorbing power of water, as shown m the first of the above tables, 
and from the general correspondence which is apparent between the absorbing powers 
of liquids and their vapours, it appears probable that aqueous vapour would have a 
relatively high absorbing power. This view is taken by Tyndall, and is supported 
by the* results of a great number and great variety of apparently conclusive experiments, 
from which lie infers that, “ weight for weight , aqueous vapour transcends all othera 
in absorptive power." Ifcis, however, proper to add that Magnus, who has also devoted 
a great deal of attention to the same point, differs widely from Tyndall in his esti- 
mate of the absorptive power of aqueous vapour, regarding it as very much lower ; and 
so long as the source of the divergence in the results of these two experimenters remains- 
unexplained, the question between them cannot be considered as decided. 

The transmission of radiant heat through permanent gases has also been investigated 
by Tyndall, wluf has found that these substances differ very greatly in their power of 
absorbing heat from sources of low temperature. The following table gives the relative 
absorbing powers found by him for a column 32 inches long of several gases, under a 

S ressure of 7fi0 millimetres, for the heat radiated from a plate of copper heated by a 
lunscn's gas-lamp : — 


Name of gas. 

Absorption. 
(That of air = 

Air .... 

. 1 

Oxygen . 

. 1 

Nitrogen . 

. 1 

Hydrogen 

. 1 

Chlorine . 

. 39 

Hydrochloric acid . 

. * . 62 


Name of gas. 

Absorption. 
(That of air = 1) 

Carbonic anhydride 

90 

Nitrous oxide 

. 355 

Marsh-gas . 

. 403 

Sulphurous anhydride . 

. 710 

Ethylene 

. 970 

Ammonia • 

. 1195 


When the same gases are compared in shorter columns, or under lower pressures, 
the difference in their relative absorbing powers becomes even more strikingly 
evident. 

There is one other circumstance, besides the nature of tha medium and the wave- 
length of the rays, which affects the transmission of radiant heat. This is the ampli- 
tude of the vibrations, or the intensity of individual rays. It has been already stated 
(|>. 51) that, as the temperature of a radiating body is raised, it gives out rays of 
smaller and smaller wave-length, but that the amplitude of the more slowly vibrating 
rays, which it gave out at first, is increased at the same time. This is very distinctly 
proved by some experiments of Tyndall (Phil. Mag. [4] xxviii. 334), from which it 
appears that the intensity of the invisible radiation (capable of passing through an 
opaque solution of iodine in bisulphide of carbon) of a spiral of platinum-wire may be 
increased four- hundredfold by raising the t emperature of the wire from a dark heat to 
a dazzling white heat. Hence the non-lutninous rays of luminoua sources are hot, in 
all respects, equivalent to the rays of the same wave-length from non-luminous sources ; 
and Tyndall accordingly found that 20 per cent, of the nonduminous rays of the 
electric lump passed through a layer of concentrated solution of. alum more than an 
inch thick, although alum and its solution, even in much thinner layers, are quite 
opaque fur the same rays emitted from sources of lower temperature. 

The temperature of the medium has not been clearly proved to exert* any influence 
on the transmission of radiant, heat. According to Wilhelmy (Ann. Ch. Phys. [3] 
xlvii. 206), glass transmits the rays of an Argand lamp more abundantly when hot than 
when cold; but De la Provost a ye and Defining failed to detect any difference in 
the transmission of rock-salt or glass at ordinary temperatures, or at 150°. (Daguin, 
Traitk de Physique, ii. 52.) 


Conduction. 

If one pprt of a material body is at a higher temperature than the rest, the high 
temperature of this part can be maintained, and the temperature of other parts can be 
prevented from rising, only by the action of external causes. If the body is left to itself, 
it, will sooner or later acquire a uniform temperature throughout, the hot part losing 
heat and the colder parts gaining heat. This tendency towards equalisation of 
temperature throughout any continuous portion of matter, manifests itself in the phe- 
nomena of conduction of heat, the property of bodies which is known as their con- 
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ducting power or conductivity being the rapidity with which thus equalisation 
is effected under certain specified conditions. The different degrees of this property 
in different bodies, as exhibited by the various lengths of time during which cmml 
differences of temperature can be maintained between equally distant part*, am so 
striking, and familiar that there is no need to draw attention to the mere iactof their 
existence. 

The laws of the conduction of heat have been investigated in relation to the two 
cases of conduction through a plate or wall with parallel surfaces, and of practically 
unlimited area, and of conduction in a prismatic or cylindrical bar. For these two 
cases the connection of conducting power with the distribution of temperatures has been 
investigated mathematically, especially by Courier ( Theorie anah/tique dc la Chalcur , 
Paris, 1822) and Poisson ( Theorie matkimatique de la Chateur, Paris, 1836), but 
we cannot attempt to do more here than to give the principal results that have been 
arrived at experimentally. 


The coefficient of conductivity of a substance is defined as the quantity of 
heat which passes in a unit of time through a plate of that substance of unit, thickness 
and unit area , whose surfaces are maintained at constant temperatures differing from 
one another by one degree. This coefficient has been measured experimentally by three 
processes, which differ from each other in principle as well as in the manner in which 
they have been carried out,. The most, direct process is that adopted by Peclot (Ann. 
Ch. Phys. [3] ii. 107), which consisted in measuring the time required for a given 
quantity of heat to pass through plates of different materials of definite thickness, the 
two surfaces being maintained at known constant temperatures. The last condition 
was attained by keeping the two sides of the plate bathed with water, which, however, it 
was found needful to agitate very briskly, in order to make sure that the film of water 
in actual contact with the plate was of the same temperature as the remainder. When 
the water at one side of the plate was at 26° 0., and that at the other side at the 
temperature of the air, the times required for the same elevation of temperature to bo 
produced in the water ut the cooler side, with plates of loud of 20 mm. and 16 mm. 
thickness, were 500 and 380 seconds respectively, or very nearly proportional to the* 
thicknesses of the plates (20 : 15 =* 500:375). From experiments of this kind, 
Pocle t calculated the number 3-84 for the coefficient of conductivity of lead, expressing 
thereby the number of Jrilogrumme-water-degrceB of heat which pass through a plate 
of lead 1 millimetre thick, and 1 square-metre in superficial area, in 1 second, when a 
constant difference of temperature of 1° C. is maintained between the two surfaces. For 
scientific purposes, it is commonly more convenient to express conducting powers in 
gramme-water-degrees, per minute, per centimetro of thickness, per squaro-cent.i metro 
of surface; the numerical value of coefficients expressed upon the seal© is j as great 
as when they are referred to Pec let's unit. 

By a. method essentially similar in principle, but different in the manner of its 
execution, Lucie n I)e la Ilive (Ann. Ch. Phys. [4] i. 504) has found for the 
conducting power of glass the number 0-13, and by a comparative method he ascer- 
tained the conducting power of ice to be 1*75 times that of glass : bonce, in the same 
units, the coefficient of conductivity of ice is expressed by the number 0 23. 

Calvert and Johnson (Phil. Trans. 1858; Proe. .Roy. Hoc. ix. 169) have also 
made experiments in order to determine in a similar manner the conductivities of 
several metals and alloys ; but their method was not such as to make their numerical 
results of great value. 

When once the coefficient of conductivity of a substance is known, the quantity of 
heat Q, which passes through a layer of the substance of the thickness e and area s, in 
the time T, wn4n fta two surfaces are kept at the constant temperatures t° and t'° 
supposing that these temperatures have been maintained unaltered long enough for the 
body to have arrived at a stationary condition of temperature throughout its whole 
thickness, and that none of the heat which enters the first surfaco escapes elsewhere 
than at the opposite surface, may be expressed by the following formula:-— 

where Jc stands fbr the coefficient in question. Calling or the quantity of heat 


which passes in a unit of time, the strength of the thermal current - S, and the 

thermal resistance of the substance, the above formula may be written S «= 

* . R 

in which form it is seen to be exactly analogous to Ohm's formula for the strength of 
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electric currents (ii. 459) ; the difference of temperatures, t — t u being the condition 
which determines the flow of heat, and therefore comparable with the electromotive 
force in the case of electricity. 

The distribution of temperature within a body can remain constant only when— 
each thinnest stratum gives up cveiy moment exactly as much heat as it receives; 
and, if ull the heat which each stratum loses is imported to the following stratum, 
the quantity of heat passing through each stratum in a given time must be tho 
Name, and this condition requires that the temperatures of every two contiguous strata 
shall differ from each other by the same amount. . Hence, in such a case as we 
have supposed above, the temperatures of the successive strata of the substance form 
an arithmetical progression; or, if 7° be the temperature of the hotter surface, t'° that of 
the cooler surfaco, c the entire thickness of the body, and d the distance from the hotter 
surface of any given stratum, tho temperature of this stratum will be expressed by 
the formula — 

t - (.t - O * ( 2 ) 

In many cases, however, the heat given out by each stratum of particles is not 
completely imparted to tho next, and in this case the flow of heat and distribution of 
temperatures cannot be determined by the above formulae. For instance, when one 
end of an iron bar is kept hot by being placed in a fire, any given stratum of particles 
near the heated end receives heat from the stratum in front of it, and so its own 
temperature rises. It then in its turn begins to give off heat to tho next stratum, 
whose temperature is thus likewise raised, but it docs not at first give off heat as fast 
us it receives it; after a time, however, it does so, for the hotter it gets the more 
slowly does it take up heat and the more rapidly does it give it out, and henceforth its 
temperature remains constant. But even when this condition has been reached, the 
stratum in question does not give .up to the following one the whole of the heat, which 
it loses : n certain proportion is imparted by radiation and by conduction to the air and 
other surrounding objects. Hence the quantity of heat received by each successive 
Hi ml urn of the bar becomes less and less as the distance from the heated end increases, 
and, if the bar is long enough, no perceptible quantity of heat at all reaches the farther 
extremity. The flow of heat along such a bar may bo conceived- of as analogous to the 
flow of water along a pipe which has a longitudinal fissure extending along its whole 
length. In consequence of leakage, the quantity of water arriving at successive parts 
<>f such a pipe would ho continually less and less, and if the pipe were very long, none 
at all would arrive at. the farther end. 

Iri order to take aecount of this leakage of heat, as it may be called, a quantify 
known as the coefficient of external conductivity was introduced by Fourier 
into the theory nf conduction. This coefficient denotes the quantity of heat lost in 
a unit of time by a unit of surface, when flic temperature of the latter exceeds that of 
the surrounding medium by one degree. It evidently depends upon the emissive power 
of tho surface and on the nat ure of the surrounding medium. 

If wo denote the coefficient of external conductivity of a body by k, and suppose the 
temperature t' of tho surfaco of the body to exceed tho temperature 6 of the medium, 
by so small an amount that .New ton's law of cooling (p, 52) is applicable to it, tho 
quantity of heat lost by a unit of surface in a unit of time will be h ( t r —*0). And 
if the body under consideration is one to whlfch the formula (1) on page 61$-*is appli- 
cable (such, for instance, as a steam-boiler, to name a practical example), the quantity 
of heat which arrives at a unit of surface in a unit of time from any depth e, where 

the temperature is t, will be 4 * . t — . Hence, if the temperature of the surface remains 

£ ft r 

.constant, we have 4* . — — = h {£ -0), the amount of heat received from within equal 

to the amount imparted to tho outer medium — an equation which defines h when 4 is 
known. 

The remaining methods bv which the coefficient, 4, of internal conductivity has been 
measured may bo called indirect, since they depend on observations of the distribution 
of temperature in unevenly heated bodies. This distribution must evidently be a 
function ol the coefficient 4, and of the coefficient of external conductivity ; for, other 
things equal, it must necessarily be more nearly uniform in a good Conductor than in a 
bad one, and less uniform, in a bodyVhoso coefficient of external conductivity is high, 
than in one for which this coefficient is low, * 

One mode of cxpolfanent depending on these principles consists in maintaining a 
constant high temperature at on© endf/of a long bar of the substance to be examined, 
and determining the tcmperaturqoftho bar at various points of its length, after the high 
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temperature of the heated end haB been kept up long enough for the temperature at 
every other point to have become invariable. Experiments of this kind were made b v 
Rumford, who placed one end of an iron bar in boiling water and surrounded the other 
with ice ; and observed its temperature ut three points, equidistant from each other 
and from th^ two ends, by means of three delicate thermometers inserted in holes 
bored in the side of the bar, and filled up with mercury to render the indication of the 
temperature more exact. More extensive determinations were made in the same way 
by Riot and afterwards by Dos pro tss (Ann. Ch.Phys. [2] xix. 97; xxxvi. 422) and 
Go u i II and {ibid. [3] xlviii. 47). From these experiments it results that the temperatures 
of successive strata of a uniform bar heated at one end decrease in geometrical pro- 
gression when the distances from the source increase in arithmetical progression. From 
the ratios of the progression for various substances, the ratios of their coefficients of 
internal conductivity could be calculated, when the coefficients of external conductivity 
were made the same for all, by giving to each substance the same condition of surface, 
and making the external medium also the same. But when bars of considerable 
section arc* used, the interior of each cross-section must necessarily be at a sensibly 
highor temperature than the sides, and the boles bored for the insertion of I ho thermo- 
meters must also have affected the results. Heuco Lang berg (Fogg. Ann. Ixvi. 1 ; 
Ann. Ch. Pharni. Ivi. 189) experimented upon various metals in the form of wire, de- 
termining their temperatures at different points by means of a small thermo-electric pile 
applied in contact with them. This method of experimenting whs afterwards improved 
by Wiedemann and Franz (Fogg. Ann. lxxxix. 497), who made by it the most exten- 
sive and, there is little doubt, the most accurate series of observations on to# relative 
conducting powers of various metals that have yet been published. The following 
table contains the relative conducting powers of the metals examined by I hern, com- 
pared with that of silver taken arbitrarily as 100, and also the absolute conducting 
powersof the same metals, calculated from their relative numbers by means of Fecit?!’ s 
determination of the absoluto conductivity of lead (p. 69) : — 

Conductivity of Metals. 


Name of Metal. 

Coefficient of 
Conductivity. 

N*mc of Metal. 

Coefficient of 
Conductivity. 

Relative. 

Absolute. 

Relative. 

Absolute. 

Silver 



100 

46’2 

Iron 

11*9 

5*38 

Copper . 


( 

73*6 

33-4 

Lead 

8*4 

3*84 

Gold . 



63-2 

24*0 

Platinum 

8*5 

3*79 

i Brass 



231 

104 

German silver 

6*3 

2*85 

Zinc 



19-0 

8-6 

Rose’s fusiblo metal 

2*8 

1*26 

Tin 


• 

14-5 

6*55 

Bismuth 

18 

0*8L 

a- 


The relative conducting powers of various rocks have been determined by Hopkins 
(t’roc. Roy. 8oc. viii. 535). His method of experimenting consisted .in placing^ (cylin- 
drical block of the substance tube examined, with its base just in contact 
surface of mercury contained in a shallow pin, and heated to a constant knowh fcCflflf 
perature, and observing, when tho distribution of heat within the had becofltd 
stationary, the excess of temperature above the surrounding air attainedby ft shallow 
stratum of mercury covering the upper face of the block — precautions being of course 
taken to prevent loss of heat through the sides of tho block, and any disturbing effect 
of radiation from the heating apparatus. The observed excesses of temperature evi- 
dently depended directly upon the internal conductivities of the substances examine#, „ 
and (inversely) upon the external conductivity of mercury. It has been shown* 
(p. 70) that when the tomperuture of the surface of a body, whose temperature in- 
creases inwards, remains constant, the relation expressed by. the following equation 
holds between its coefficients of internal conductivity k, and external conductivity 

h '~ k e-e' ,* 

-y * “ jp* / 

In Hopkins' experiments, the externaJf«<^b4l^%fX^^W ( * c ) to °k the place 
of h in the above formula in tho case of -liDW'Ave.r,’ varied from one 

substance to another. , Hence, by pu&^Jjj^Jj^ fatfjpla the observed values 
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of t t f 9 0, and e, the value of j could be ascertained. The following are some of the 
results obtained for substances in the Btate of dry powder: — 

Chalk 0-056, 

Clay *07 

Sand . . *16 

Sand and clay . . . ... • * *11 

These values are proportional to the absolute internal conducting powers of the several 
substances, but in order to deduce these conducting powers from them, they require to 
be multiplied by the unknown absolute value of c } the external conducting power of 
mercury. 

The observation of the distribution of temperature in a mass whose temperature is 
changing has been employed by Forbes (Trans. Roy. Soc. Edinb. xvi. 206), 
Angstrom (Fogg. Ann. cxiv. 513; Ann. Ch. Phys. [3] lxvii. 379), and Neumann 
(Ann, Ch. Phys [3] lxvi. 183) for the determination of coefficients of conductivity. 
Forbes' investigation related to the rate of penetration downwards into the earth of 
the solar heat received by the surface. The general effect of the seasons is that the 
temperature of the surface of the ground oscillates (in Britain) between a maximum 
which occurs in July or August, and a minimum occurring in January or February. 

If now the earth’s crust were a ’perfect conductor of heat, the yearly maximum and 
yearly minimum of temperature Would occur at any point below the surface, at the 
same epochs as they do at the surface itself, and the yearly range of temperature would 
be as great below the surface" as* above it. But the earth’s crust opposing in reality a 
very considerable resistance to the propagation of heat, the maxima and minima occur 
later below the surface (for instance, at* a depth of 2 5 6 feet in the porphyritic trap of 
the Calton Hill, Edinburgh, the annual maximum occurs in December or January, 
and the minimum in June or July), and the difference between them, or the yearly 
rang© of temperature, is less than it is at the surface. Thus the oscillation of tempe- 
rature which occurs at the surface suffers a retardation of phase and a diminution of 
amplitude as it advances inwards. From these two effects, as.revealed by the observa- 
tion of thermometers sunk to various depths, Forbes was able to deduce the abso- 
lute coefficients of conductivity of the strata in which the thermometers were buried. 

A method precisely the same in principle has since been employed by Angstrom for 
the determination of tho conductivities of certain metals. Square bars of the metals to 
be examined were alternately heated and cooled at one place, and after a considerable 
number of such alternations the distribution of temperature was observed by means of 
thermometers inserted into tho bars at intervals of 50 millimetres from each other. 

Neumann’s method depended on observations of the course of cooling in bars 
which had been heated at one end until their temperature became stationary through- 
out, or in cubes or spheres of five or six inches diameter which had been previously 
heated to a uniform temperature. 

The following table gives some of the results obtained by Angstrom and by 
Neumann, reduced to the kilogramme-second unit per square metre of surface and 
millimetre of thickness : — 


Coefficients of Conductivity . 


Substance. 

o 

Angstrom. 

Neumann. 

Copper 

91*03 

110-75 

Zinc ..... 

. 

30-70 

Brass 


30*19 

Iron 

16*30 . 

16*37 

G erman-silver .... 

• * 

10-94 


Tl» numbers in the following table give tbe values referred to the same unit, of the 
gB BCCOrdin g to Neumann's experiments, k being the coefficient of internal 


conductivity, «the specific heat, and D the density of the several aohatancea:— 

Substances. ” 

Coal (Hie 


Melted sulphur 
Ice . 

Snow 

Frozen earth . 
Sandstone 


•143 

1144 

■367 

•916 

1-357 
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Nenmann finds that the conductivity of the same substance varies very sensibly 
with die temperature. •*. J J 

It will be observed that while the ratios of the conductivities of the metafe found by 
Neumann agree on the whole with the relative conductivities determined by 
Wiedemann and Franz, they considerably exceed the absolute conducting powers 
calculated from these by means of Peelet’s coefficient for lead. On the other hand, 
the absolute coefficients obtained by Neumann and Angstrom for iron are nearly 
identical, and this value might therefore perhaps be most safely talcon in order to 
convert Wiedemann and Franz's relative numbers into absolute coefficients. 

In substances whose elasticity or structure is different in different directions, the rate 
at which heat is propagated depends upon the direction. Thus in crystals not belong- 
ing to the regular or cubical system (Crystaxloghaphy, ii 121), S6narmont has 
shown that the conducting power in the direction of the principal axis is generally 
either a maximum or a minimum. If a source of heat be imagined^, the centre of 
such a crystal, the heat would be conducted outwards with different velocities in different 
directions, and consequently the points, which at any moment possessed a common tempe- 
rature, would be situated on the surface of an ellipsoid; and S4narmont found that 
the axes of the isothermal ellipsoids of crystals coincide with their optic axes. He also 
found that mechanical strains or pressures are capable of modifying the conducting 
power of bodies for heat in the directions in which applied* 

Wood presents somewhat similar phenomena* It observed byDelaRive and 
Do Candolle that the conducting power of wood is'iilwityp greater along than across 
the fibre. These observations were extended by KnoMptrelLwho showed that, as a 
rule, the difference of conducting power is least; in the hardest and greatest in the 
softest kinds of wood. Thus in boxwood |ho ratio of the axes of the isothermal 
ellipsoid is 1*2«3 : 1, in walnut it is 1*4 5 : I, in apricot-tree 16 : I; and in soft woods 
(such as poplar, lime, birch, pine), it is 1*8 : 1. Tyndall has carried the sume inves- 
tigation still further: he finds that at all points not situate in the centre of the tree, 
wood possesses three unequal axes of calorific conduction, which are at right-angles to 
each other. The first and principal axis is parallel to the fibre of the wood ; the 
econd and intermediate axis is perpendicular to the fibre and to the ligneous luyers ; 
while the third and least axis is perpendicular to the fibre, and parallel to the 
layers. 

When two different metals are in contact, the rate uf propagation of heat is different 
on the two sides of the surface of separation, and therefore if heat is flowing across 
this surface the law of the variation of temperature is different at the two sides of it; 
but Wiedemann has shown that, when the contact is perfect, there is no finite dif- 
ference between the temperatures of the surfaces of the two metals which touch each 
other. 

Conduction of Heat by Liquids. — In consequence of the diminution of density which 
takes place almost universally in liquids when they are heated, an increase of tempera- 
■ ture is rapidly communicated by convection to the whole of a quantity of liquid, when 
heat is applied to it from below. Hence it was formerly supposed that liquids possessed 
a high degree of conductivity for heat. Rum ford however showed, near the begin- 
ning of this century, that when heat is imparted to a liquid from above, jgp that the ex- 
pansion of the heated portions cannot cause them to rise and so produced circulation of 
the liquid, the communication of heat from one part of a liquid to another takes place 
with extreme slowness, so much so indeed that he concluded that liquids are entirely with- 
out any real conducting power for heat. Later observers nevertheless, and eapeewflly ^ 
Despretz, have proved that liquids do conduct heat in the same way as solid bcKRWfl*;.* 
but for the most part very much more slowly. D esprotz, in fact, found that when a 
constant source of heat acts for a long time upon the upper part of a column of water, 
the heat gradually penetrates downwards; and that when tho distribution of tem- 
perature in the column has become stationary, the excess of temperature above that of 
the surrounding air decreases according to a geometrical progression, when examined at 
points whose depths below the surface increase in arithmetical progression. Hence it 
follows that the law of conduction in water is the same as the law of conduction in 
metals, and by comparing Despretz’ s resultB for water with thoBe he obtained for 
copper, it appears that the conductivity o^prater is to tfyafc of copper as 9 to 1000. 

Conduction of Heat by (rases.— The distribution of heat in gases certainly takes 
place chiefly by convection, as it does in liquids, but several observers have concluded 
that they do nevertheless possess a feeble power of Conduction. The most direct ex- 
periments on this subject are due to Magnus (Fogg* Ann. cxii. 497); accruing to 
them it appears that hydrogen, if not other gases, has a certain degree of conductivity. 
This conclusion accords with the results of a mathematical investigation of the propa- 
gation of heat in gases by Clausius (P&. M*g. [4] zm $32), who finds that tho 
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conducting power of the lighter gases must exceed that of the heavier gases. As a 
provisional estimate, he gives for the conducting power of air about of that of lead 

as determined by Peclet, and for the conducting power of hydrogen about four times 
that of air. G.C. F. 


K API C M B, or rah tcals. The notion of compound radicles, as it is at 
present received in chemical science, has been explained already in previous articles 
( Classification, i. 1014 — 1017 ; Equivaieistts, ii. 495 ; Formula, Rational, ii, 700); 
all that is necessary here is therefore to indicate briefly the origin of the idea, and the 
principal modifications which it has undergone. 

The word “radical ” is of constant occurrence in the writings of Lavoisier. For 
him and for his school, chemistry consisted mainly in the investigation of oxygen and 
its combinations. Compound bodies were divided into the two fundamental classes of 
acids, which were supposedto owe their essential properties to their containing a largo 
proportion of oxygen, and salifiable bases, which were regarded either as simple 
bodies or as containing a small proportion of oxygen. In all cases, the presence or 
absence of oxygen, or the proportion of it which a compound body contained, was con- 
sidered the most important point in its chemical history, and as chiefly deter- 
mining its properties. In the case of the acids especially, the oxygen, which all were 
supposed to contain, was looked upbh'as the sole cause of their characteristic proper- 
ties; whether the oxygen was combined* with sulphur, with phosphorus, or with 
nitrogen, was regarded as a matter of far less importance. Hence arose the necessity 
for adopting some common designation for the various substances which were capable 
of serving as foundatiofls or nuclei upon which oxygen could attach itself, and thus 
give rise to acids ; it was in this sense that the word radical was first employed in 
chemistry. “ II faut done,*’ said Lavoi si er, “distingue? dans tout acide la base 
addifiablo A. Liqncllo M. de Morveau a donn6 le nom de radical, ct le principe acidifiant., 
c’ost-a-dire, l'oxig&ne." ( Traiik HUmentaire dc Chimie , edit. 1789, vol. i. p. 69.) The 
passage here referred to appears to bo in Section ii. “ JDcs bases acidijiables oic principes 
radicaux des oxides ” of de Morvoau r s “ Memoire sur le D5veloppement des Principes 
do la Nomenclature niethodique ** (1787). The definition of a radical which is here given 
is interesting, not only in connection with our present subject, but for the light it throws 
on the views then entertained with respect to the constitution of acids. After speaking 
iot’ the acids of nitrogen, carbon, sulphur, and phosphorus, de Morveau goes on to 
discuss the nomenclature of acids of unknown composition, such as muriatic acid, 
boracic acid, the acidof vinegar, &c., with regard to which he says: “ Nous nous sommes 
contentds dc designer l’etre simplo qui y modifie l’oxig&ne par I expression do base 
acidijiable , on, pour abrdger, do radical do tel acide ; afin de garder la m&me analogic, 
et do pouvoir consider a leur tour chacun de ces fitres d’une manidre abstraite.” 


The signification of the word radical was soon somewhat extended by Lavoi sier. 
Two years after the publication of do Morveau’ s memoir, he says : “Tai fait 

observor quo dans le rfcgne mineral, presquo tous les radicaux oxidables et acidifiables 
itoient simples ; que dans le rfigno v6g«$tal uu contraire, et surtout dans le r&gne animal, 
il n’en existoit presque pas qui no fussent composes du moins de deux substances, 
d’hydrogiVnoet de earbone; quo souvent lazote et le phosphore s’y reuni ssoient, et qu’il 
on resultoit des radicaux sV q mitre bases.” ( Traiu tlcmentaire, vol. i. p. 209.) Tho 
idea of compound radicles, which wo meet with in this passage, occurs very fre- 
quently in other parts of the sarao work, and it is of importance to observo that it is 
a PP$^ to . cx P lain the constitution of neutral bodies as well as of acids. This is still 
moifc; distinctly seen in other passages; thus, of sugar, gum, and starch, it is said 
( Op, cit. pp. 125, 126): “Ces trois substances ont pour radical l’hydrog&ne et lo 
earbone combines ensemble, de nnmiere iv ne formorqu’une seulebase.et port5s A l’5tat - 
d oxide par une portion d oxygen e ; ils ne different quo par la proportion des principes 
<jm component la base.” Itlsewhere it is suggested that the oils may actually constitute 
compound organic radicles in the free state, thus (pp. 198, 199) : “On apercoit 

aisement mm ar Imilna ^ fa rtf A™ j. « r ,* a 


augment quo los huiles ^t.ant composers d’hydrogone et de earbone, elles eont do 
yonfcables radicaux carbon e-liydreux ou hydro - earbo n eux, et en effetil suffitd’oxyc^ner 
les huiles pour los convortir d’abord en oxides, et ensuite en acides v5g5taux, suivant 
le degre d oxygenation. On no pent pas cependant assurer d’une manure positive que 

Ian hnilAja mifi»Ant fnufrta nnftAaao U n 1.. _ -1 . . . . . * . . * 


caroonc, cp que to qui reste uo l une ct do 1 autre dc ces substances ne soit plus dans 
la proportion n&essaire pour constituer des huiles.” Again (pp. 210. 21 1) ■ •• Doit-on 
conclure de ces reflexions, que los huiles soient la base, qu’elto soient le radical des 
acides v4g4taux et amraaux? Jai d4j4 expose mes doutrs 4 cet 4gard. Premiire- 
ment, quoiqae les huiles paroissent n’etre nniquement composes que d’hvdroeine et de 
earbone, nous ne savons pas si la proportion quollesen eontiennent est prdcisimentcelle 
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n6coss&ire pour constituer lea radicaux des acides. Seeondement, puisque les acides 
vigetaux et animaux ne sonfc pas seulemmit composes d’hydrog&ne et de carbone, mais 
que l’oxygfcne entre 6galement dansleur combinaison, il n’y a pas de raison de conclure 
qu’elles contiennent plutot de l’huile que de i’acide carboniqne et de l’eau. * Ils con- 
timnent bieu, il est vrai, les mat^riaux propres k cbaqune de ces com binai sons ; mais 
ces combinaisons ne sont point r^alisecs a la temperature habituolle dont nous jouis- 
sons, et les trois principes sonfc dans un 4 tat d equilibre, qu’un degr6 de cbaleur, un 
peu sup^rieur k celui de l'eau bouillante, suffit pour frroubler.” Tins last passage is 
especially worthy of notice, as showing that Lavoisier distinctly apprehended that tho 
question of what radicle a given complex body contained, involved not only a know- 
ledge of its composition, hut also of its constitution, or of the way in which its consti- 
tuent elements were combined. 

The further development of the notion of compound radicles was a consoquence of 
the advance of organic chemistry. Consequently, with the exception of Gay-Lussac’ a 
discovery of cyanogen in 1815, we hear little more of either the word or the idea until 
about the year T832. It is true that in 1817 Berzelius repeated Lavoisier s state- 
ment that all inorganic oxides have simple radicles*, and all organic oxides compound 
radicles; but this remained a general doctrine without precise special application, until, 
in 1832, Liebig and Wohler showed th^t, by regarding oil of bitter-almonds and its 
derivatives as compounds of a radicle coq^ining C*H 6 0, they became exactly compar- 
able with the compounds of potassium or other metals. This view of the constitution 
of tho benzoyl-compounds was at first eargerly adopted by Berzelius (Ann. Phami. 
iii. 282), but was afterwards modified by him o a the ground .that it was inconsistent 
with the oleetro-cliemieal theory to suppose that, oxygen could be a constituent of a 
radicle. Ho consequently represented these compounds as containing tho radicle 
C"IP ; for instance, benzoic acid, £7 14 //* 0* IfO, chloride of benzoyl, 2 (C ,,4 //\O a ) + 

6 ,,4 // s .6Y 3 » The formulae thus obtained were Strictly comparable with those adopted 
by Berzelius for corresponding inorganic compounds : c.g. chromic acid, CrO* + H O, 
oxicliloride of chromium, ‘2CrO* + CrCl*. .(See Berzelius' Jakresbcricht , xiii. 203 
[1833] ; xviii. 358 [1838] ; xix. 345 [1839]). 

Tho next class of bodies to which formulae were given, founded on tho idea of their 
containing compound radicles, exactly similar to elements in thoir mode of combination, 
were the derivatives of alcohol. Alcohol itself was represented by Berzelius 
( Jakresbcricht , xiii. JL95) as tho oxido of the radicle CH 3 , ami ether as containing 
the radicle C*II a : thus, alcohol 2(CH S )0, ether 2(C :t H 5 )0, chloride of ethyl 0*11*. Cl, 
&c. Liebig soon afterwards (1834) gave the name ethyl to the radicle C‘H a , and re- 
presented alcohol as its hydrated oxide (Ann. Pharm. ix. I ; Pogg. Ann. xxxi. 335 ; 
Berzel. Jahresber. xv. 343). In 1835, Regnault represented aldehyde, acetic acid, 
Butch-liquid, and several of it s derivatives as compounds of the radicle CHI 3 , to which 
he gave the name eddehydenc (Ann. Ch. Phys. [2] lviii. 301, and lix. 358 ; also Ann, 
Pharm. xiv. 22, and xv. 60), and which was afterwards (Jahresber. xvii. 232 [1837]) 
called acetyl by Berzelius; and in the few following years, similar views were 
applied by Berzelius and the chemists of his school to nearly all known organic 
compounds. In ail cases the loading idea was that which was thus expressed by Dum a s 
in 1837 (Compt. rend. v. 300; Journ. pr. Chem. xiv. 298; Berzel. Jahresber. xviii. 
213): “In mineral chemistry the radicles are simple; in organic chemistry they are 
compound : herein is the only difference between them ; the laws of combination and 
of transformation are the same in both. .Even if the radicles of inorganic chemistry, 
such as sulphur, the metals, and oxygen, are really compound, we cannot loqjp fni.ward 
to tlieir decomposition ; for if this decomposition is possible, it requires forceWWbich 
we are not acquainted with. In organic chemistry the case is the reverse, and the 
difficulty is less. Here tho radicles are compound, and our whole art consists in 
treating them so that they are not broken up into their elementary constituents. This 
decomposition, however, we can foresee and prevent, for it takes place according to 
easily apprehended laws ; so that it is by no means difficult to recognise an organic 
radicle, and to transfer it undecoroposed from one compound to. another/’ 

These views were not, however, the only ones that were applied to organic compounds. 
Mitscherlich, for instance, regarded a certain number of organic bodies as consti- 
tuted quite differently from any known inorganic compounds (see Formula, ii. 701, 
702); and Laurent, in 1836, proposed a general theomr of the constitution of organic 
compounds, which was entirely inconsistent with the radicle theory as above described 
(see Nucleus Theory, iv. 143). But the chief opposition to the radicle theory arose,-— 
(1), from the difficulty of reconciling with it, as it was held by Berzelius, its chief 
supporter, the constitution of substances, such as cbloracetic acid, formed by the action 
of chlorine and ihf analogues on organic bodies; (2) from the fact thj£t of the veiy 
numerous radicles whoso existence the theory assumed, scarcely two or three were 
known in the separate state ; and (3) in consequence of Gerhardt and Laurent s 
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ducoven that the number of atoms of hydrogen, chlorine, nitrogen, and lieiraMJogn*, 
taken together, which was contained in a molecule of any well-mvestigated compound, 
was always an eum number, whereas all the supposed compound radicles contained an 

odd nunlbB? of such atoms. ,,, , . ... 

We have not space to trace t|je long and bitter controvereies which arose upon em* 
of these points: an excellent account of them will ho found in Kekul* »Lehrtmck der 
orgmischm Ckemie (vol. i. pp. 49-94, 1859). It must suffice to say here that die 
objections to the ‘'radicle ” theory, referred to under the first of the above heads, arose 
from its identification with the electro-chemical theory, and therefore lost their force 
when this theory was abandoned, and it was consequently admitted that radicles 
playing the part of electro-positive metals might contain not only oxygen, but chlorine, 
bromine, or in fact any other element The discovery of cacodyl by Bunsen in 1842, 
of methyl, ethyl, and butyl by Frankland and Kolbe in 1849, and subsequently of 
several other of the so-called alcohol-radicles, which at first sight seemed to afford a 
eonclusivo answer to all a priori objections against the possible existence of radicles in 
the free state, resulted in its being proved that the molecules of the Isolated radicles 
consisted of two atoms, and thus the “ law of even nurab^s ” received a confirmation 
instead of the expected refutation. (See Alcohol-radicles, i. 96.) 

The idea of compound radicles, as it is now entertained, is quite independent of the 
question whether they can he actually prepared in the separate state or not. A radicle, 
in modern chemical language, is simply a group of elements which is common to a 
more or less numerous series of allied compounds, and remains unaffected by the pro- 
cesses whereby these compounds are transformed one into another. It is essentially 
correlative with the idea of molecular types ; and, as pointed out in the places referred 
to at the beginning of this article (especially ii. 700), the radicle which any complex 
compound is regarded as containing, must depend upon the type to which the com- 
pound is referred, while, conversely, the type is equally dependent on the radicle. 

G. C. F. 

RADIO LITE Natrolite, from Brevig in Norway (iv. 29) : see also an analysis 
by Michaolson. (Jahresb. 1863, p. 819.) 

RADISH. Uaphanus sativus. Radish-roots contain, according to T. J. Herapath 
(Chem. Gaz. 1847, p. 279), in 1000 pts. 


Water 
Woody fibre 
Nitrogenous substance { 
with a little starch \ 
Albumin 

Extractive matter 
Gum .... 
Sugar . 


959*74 

17-02 

2-04 

0*91 
2 ’26 
4*30 
1*14 


Red colouring-matter . . 

Fat oil 

' Smapino ? 

Alkaline and earthy phosphates, ) 
with a little gypsum $ 

Acetates of potassium and sodium 
Nitrates of potassium and sodium 
Chforide8 of potassium and sodium 


1*77 

0*40 

0*04 

0*74 

0*22 

6*17 

4*16 


The ash of the root and herb of the radish has also been analysed by T. Richardson 
(Jahresb. 1847-48, Table C to page 1074), with the following results:— 

K 2 0. Na 2 0. CaO. MgO. SO 3 . SiO*. p20\ Fe"'PO« KC1. NeCI. 

Root 21*16 . . 878 3*53 7*71 8*17 40*09 2*19 1*29 7*07 « 99*99 

Herb 5*05 11*09 27*90 7*08 9'64 8*22 6 07 16*45 . . 8*50 « 100*00 

The dried root yielded 6* 43 per cent., and the dried herb 2*76 per cent. ash. 

RADISH, on OP • The roots and seeds of the radish yield, by distillation with 
water, a. milky liquid, from which an essential oil may he obtained by rectification. 
This oil is colourless, heavier than, water, contains sulphur, forms a white precipitate 
water lnerCU1 ^ C C ^ or ^ e ' y e ^ ow with platinic chloride. It is moderately soluble in 

8 l im ® 0,1 is obtained by distilling, with water, the seeds of Brassioa Napus, 
Cochleana Draba, and CTmrantkus animus. * 

Us^l“r A CAllCA *IS. A lichen which yields alpha-usnic acid. (See 

RAMMBDSRSROITE, Trimetric arsenide of nickel, NiAs a (iv. 36). 
(Se*o”1^3Q4^ of silica, occurring near Pont Gibaud in France. 

RAN <40017 TAR. See Naphtha (iv. 3) 

RANUNCTTXXrS. “ 

and May, was 
tallisabie sugar, 
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The amd juice of Ranunculus sceleratus yields by distillation a dear, sharp. tasting, 
f“tid liquid, which when kept for some time, even in closed vessels, deposits a white 
amorphous precipitate of anemonin (L 290). Ether extracts from this distillate a 
neutral, acrid, golden-yellow, non-sulphuretted oil, heavier than water, which attacks the 
eyes strongly, and raises blisters on the skin. When kept under water, or in contact 
with chloride of calcium, it concretes to a white solid mass, which quickly changes into 
anemonin and anemonic acid. It is to this transformation of the acrid principle of the 
ranunculus, and not to its volatility, that the loss of acridity of the p lan t by drying is 
due. (Erdmann, J. pr. Chem.lxxv. 209.) . 

RAPAEIVI. A variety. 0 f granite containing 60 46 per cent, orthoclase, 31 '83 
quartz, and 6*71 mica, occurring at Pyterlaks and other localities in Finland. (JahreBb. 
1862, p. 784.) 

SAPS. See Brassica (i. 654). — Rape-seed oil, Huilt de navctte, is a fat oil 
obtained by pressure from the seeds of winter-rape (Brassica Napus\ which yield about 
33 per cent of it. This oil is yellow, has a peculiar odour, a density of 0*9128 at 16°, 
and solidifies at a few degrees below 0°. By dry distillation, it yields a mixture of 
volatile fatty acids, acrolein, and oily hydrocarbons of very variable boiling point. 
These hydrocarbons are strongly attacked by nitric acM, yielding caprylic, oenanthylic, 
caproic, valerianic, butyric, propionic, and acetic acids. With chromic acid the same 
hydrocarbons yield only acetic and propionic acid. (Schneider, Ann. Ch. Pharm. 
lxx. 107.) 

Rape-seed oil is used for illumination, for the manufacture of soft soaps, for oiling 
woollen stuffs, in the preparation of leather, and for lubricating machinery. 

The seeds of summer-rape, Brassica prtecox, yield a yellow viscid oil of specific 
gravity 0*9139, which deposits tallow at — 8°, and solidifies to a yellowish-white butter 
at —10°. (Schiibler.) 

The seeds of the turnip, Rrassica Napus, yield a smaller quantity of a similar oil, 
of specific gravity 0-9167. 

Colza oil, used chiefly for illumination, is obtained to the amount of about 33 per 
cent, from the seeds of colza or wild navew, ( Brassica campestris , var. oleiferd). It 
is yellow, of specific gravity 0*9136 at 16°, and solidifies at —6°. It is chiefly a mix- 
ture of two glycerides, which yield, by saponification, two peculiar fatty acids. (See 
Brassic Acid, i. 655.) 

RAP H AN O SMITE. Kobelfs name for native selenide of lead and copper from 
Tilkerode (iii. 557.) 

RAPBAITOS. (See Radish, p. 76.) 

BAPBILIT8. Asbestiform tremolite from Lanark, in Canada. (See Horn- 
blend k, iii. 169.) 

BASTOLTTS. A reddish-grey micaceous mineral occurring in monoclinic forms 
at Monroe, Orange County, New York, analysed by Shepard (Sill. Am. J. [2] 
xxiv. 128), and by Pisani (Compt. rend. liv. 606; Jahresb. 1862, p.749), whose 
results differ widely from one another : — 

Alkali 

SiO 3 . A1 2 0 3 . FeO. CaO. MgO. and loss. H*CT. 

42*3 6*5 38*25 2*0 ' 1*0 6*15 3*8* - 100 (ShflpaTd). 

34*98 21*88 28*44 . . 6*24 . . 9*22 = 100*76 (Pisani). 

From the physical characters of the mineral, Pisani regards it as allied to ripidolite. 

EATAKBZA. In the bark of ratanhia or rhatany-root, Kranzeria triandra, 
"fritt stein (Jahresb. 1864, p. 656) found a peculiar iron-greening tannin, a body 
analogous to cinchona-red, or rather to quinova-red, resulting from the decomposition 
of the tannin ; also gummy and extractive matters, wax, sugar, starch, and oxalate of 
calcium. In the American extract of ratanhia, Wittstein found a nitrogenous body, 
which he regarded as tyrosine. (See the next Article.) 

BATAVEZVS. C l, H ,f NO*. (E. Huge, Viertelj. d. naturforsch. Gesellsch. in 
Zurich, vi. Heft 3 ; Jahresb. 1862, p. 493.) — A compound homologous with tyrosine 
(C*H'*NO*) t occurring to the amount of 1*26 per cent, in the extract of rhatany-root. 
It was first observed by Wittstein, who regarded it as tyrosine. To prepare it, the 
solution of rhatany extract is precipitated with basic acetate of lead; the filtrate, freed 
from lead by sulphydric acid, is evaporated to a small bulk ; the crystals, which 
separate after 12 hours, are pressed, washed, and dissolved in ammonia; the solu- 
tion is left to evaporate ; and the crystals which then separate are farther purified by 

* With fluorine. 
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prmpiteting their elution with basic acetate of lead, and treating the filtrate with 
autohvdric acid at the boiling heat. , . , 

Ratohine, thus purified, crystaU.ees m 

needles, drying up to an interlaced mass. It dissolves in 125 pfs. of bolwgwattr, 
and like tyrosine, has a great tendency to form supersaturated solu tons. It is slightly 
soluble in boiling spirit of ordinary strength, quite insoluble m absolute alcohol andm 
•ether. It is not precipitated by neutral or basic acetate of lead, or by mercuric acetate. 
A solution of ratimhine saturated at 15°, assumes a rose-red colour when heated with 
a few drops of mercuric nitrate , arid on further* addition of the latter, deposits brown-red 
flock* When ratanhine triturated with a small quantity of water is mued by drops 
with dilute nitric acid, and h pa ted to the boiling-point, the liquid becomes rose-red, 
then ruby-red, then gives off gas and assumes a deep indigo-blue colour, due to the 
formation of resinous bodies. “This coloration is perceptible even to the 50,000th 
degree of dilution. With a larger quantity of nitric acid, more complete decomposition 
takes place. Ratanhine moistened with water is coloured rose-red to violet-red by 
nitrous acid, and with a larger quantity of water, a blue or green solution is ultimately 
formed. 

Ratanhine, like tyrosine, unites both with mineral acids and with alkalis: it decom- 
poses the carbonates of the alkaline earths. A solution of ratanhine in baryta- water 
deposits part of the ratanhine unaltered, while the compound C ,0 H 1, Ba''NO s remains 
dissolved. 

HydrochloraU. of ratanhine, C iD H ,s NO\HCl, -crystallises by spontaneous evaporation 
in colourless acid prisms or laminae, which are decomposed by water or alcohol, with 
separation of ratanhine. • 

lialauhinc-mlphuric or Sidpho-ratanhic acid . — The dark-red solution of ratanhine 
in 5 pts, of warm concentrated s.ulphuric acid becomes colourless on dilution, and if 
then neutralised with carbonate of barium, deposits slender silky needles of the salt, 
0 ,B H l, Ha"N() !, .S0 9 4H 3 0 > and the mother-liquor dries up to an amorphous mass, con- 
sisting chiefly of the salt C‘°H 2 W'N 2 0‘S*0« 6H 2 0^ The acid C l0 H»NSO», or 
C^II'WVSJFCM, separated from the latter salt by sulphuric acid, crystallises from 
absolute alcohol in largo colourless square plates. Both the acids anrl their barium- 
sftlte react with ferric chloride like tyrosine-sulphuric acid, producing a splendid violet 
coloration. 


RATOFFRITS. A granular or earthy blue variety of fluor-spar, mixed with 
clay, from Itatoffka in Russia. 

RAUMITS. A mineral, apparently allied to esmarkito, from Raumo, in Finland, 
containing, according to BonsdortF, 43 0 per cent, silica, 19-0 alumina, 19 2 ferric oxide, 
12*55 magnesia, and 6*9 water. (Rammelsb. Mineralch. p. 836.) 

RAZOMOFFSKIN. An argillaceous substance from Kosemuth in Silesia, con- 
taining, according to GeUner, 54 50 per cent, silica, 27 25 alumina, 2 00 lime, 0*37 
magnesia, 0*26 ferric oxide, and 14'25 water ( = 98*62). 

RXA.lt OAR. Native protOsulphide of arsenic, AsS (i. 386), 

RSCTXFXC ATXON . The concentration of a volatile substance by distillation. 

RRXI ANTIMONY. Nfttivo oxysulphide of antimony, or Kermesitc, Sb 2 OS a 
(iii. 446).# 

RS2> CRAXiX, or RSBBXS. Earthy red haematite having a flat cnnchoidal 
fracture ; used as drawing chalk. 


RXZB COPPER-ORE. Native cuprous oxide (ii. 70). 

RSB BYSS. See Dyeing (ii. 356). * 

RSB HJBMATXTS, or RSB IRON ORB. Native anhydrous ferric oxide (iii. 
337, 393). 

RSB XRON-VXTRXOXi, or Botryoacn, Native ferroso-ferric sulphate from 
Fahlun (i. 651). 

RSO X»SAD, or Mm him. Red oxide of lead (iii. 661). 

R8D BBAB-ORS, or Crocoisite, Native chromate of lead (i. 934). 

RSB MAVOAVSSB, or Diallogite. Native carbonate of manganese (i. 789). 

RSB OCHR8. Red luematite of a soft earthy consistence. The same name is 
applied to a pigment prepared by calcining yellow ochre (clay containing ferric 
hydrate). 

. BBB PXOMSNTS , The red pigments moat commonly used are red oxide of 
iron in various states, red oxide of lead, and Vermillion. Indian red is pure red 
haematite finely ground. The same name is applied to a dark -red ferric from 
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the Persian Gulf, also used as a pigment. Venetian red and colcothar are coarser 
varieties of red haematite. ochre (rid. sup.). Bole of Armenia is a red oxide of 
iron mixed with clay. — Respecting red lead or minium, , see Lead (iii. 551). A fine 
, red-brown is obtained by mixing red lead with ferric oxide. Vermillion is mercuric 
sulphide prepared by sublimation (iii. 913), Native cinnabar is of a duller red colour. 
— Antimony -vermttlion , a sulphide of antimony prepared by precipitating an antimony- 
salt with an alkaline hyposulphite, generally with hyposulphite of calcium, is a very 
solid red colour, little subject to change except by the action of strong alkalis. When 
triturated with drying oils, it acquires great vivacity and lustre, and forms tin oil-colour 
well adapted for house and furniture painting (Hofmann’s Exhibition Report, 1862, 
p. 79).~Realgar, or native red sulphide of arsenic, is also used as a red pigment. — - 
Mercuric iodide affords a splendid scarlet, but it is very liable to change by the net ion 
of light. — Cobalt-rose is a fine rose-colour obtained by calcining nitrate of cobalt with 
magnesia. — Arsenate of cobalt, both the native variety and that which is prepared by 
calcining the arson io-sulph id e of cobalt in contact with the air, affords a very rich and 
permanent red colour; but it is very poisonous. — Various red lakes are prepared by 
precipitating infusions of madder, cochineal, and brazil-wood with solutions of alumina, 
(i. 656, 804; iii. 466, 750. See also Chimie dcs Couleurs, par J. Lcfort, Paris, 
1855, pp. 133 — 195.) 

BED SXLVBB-ORS. See Pboustite (ir. 740), and Pykaugyrite (iv. 753). 
BED VITRIOL, or Biberite. Native cobalt-sulphate. (See Sui.vha.tes.) 

BED ZIIFC-ORE, or Zincite. Oxide of zinc containing manganese. (See Zinc.) 
REDDLE. ' Syn. with Bed Chalk. 

BEDBDTBZTE, or Copper-glance. Native cuprous sulphide (i. 74). 
BEDUCTXOIf . The abstraction of an electro-negative from, or addition of an 
electro-positive element to, any compound: thus an oxide deoxidised by the action of 
hydrogen, charcoal, &e., is said to be reduced : the addition of hydrogen to an organic 
compound, by the action of sodium-amalgam, &c., is also called an operation of 
reduction. 

DEFLECTION and BEFB&CTION. See Light (iii. 608). 

REGTTLVS. A.metal reduced from its oxide or other compound by fusion with a 
reducing agent. 

REXSET’S SALTS. The diammonio- and tetrammonio- plutinous salts, dis- 
covered by Reisct (iv. 673). 

BEISSACEEBITE. A brown-black spring-deposit, occurring between slabs of 
gneiss at Wildbad-Gastein, and containing, according to Hornig, 34T5 per cent, 
manganic oxide, 14*16 ferric oxide, 7'59 calcic carbonate, 16 9 water, and 27’27 sand. 
(Rammelsb. Mineralch., p. 1008). 

BEMXNOTONZTfi. Hydrated carbonate of cobalt, occurring as a rose-coloured 
incrustation at Finksburg, in Maryland (i. 782). 

RE3UCOLXXFXTS. Syn. with Atacamite (i. 429). 

BEN8&ELAEBXTE. A mineral having the composition of talc, but the crys- 
talline form of augite. It has a fine compact texture, is unctuous to die touch, 
translucent, and of a grey, whitish, greenish, brownish, or sometimes black colour. 
Hardness «• 3*4. Specific gravity = 2 87. On account of its softness, translucency, 
and fine texture, it is worked in the lathe into inkstands and other forms. It occurs 
over large areas in Northern New York. Two specimens analysed by T. S. Hunt 
(Jahresb. 1858, p. 743), a from Grenville in Canada, b from Canton, New York, gave 
the following results : — 

SIO*. MgO. FeO. H*0. 

a. 61-60 31-06 1-63 6-60 - 99-79 

b . 61 10 31-63 1-62 660 « 9995 

BSIXOALLVM. A term applied both to realgar and to orpiment. 

. RSSX3F APXTXO ACXJL A cry stall i sable acid resin obtained, together with 
other products, from the root of butter-bur ( TussUago Petasites). See Tusstlago. 

# DEBIN ATBg. A general name for the salts of the acids obtained from turpen- 
tine— viz., sylvic, pinic, and pimaric acid (q.v,). The general formula of these salts 
axe C»H w MO* an5 

JUSXmBXir, or BBSXVONS. This name is given by Fibm j to a hydro- 
carbon (probably impure colophene, i, 1086 ) obtained by the dry distillation of 
colophony* 
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anatlf B. A class of compounds of vegetMe origiii, ihsraeteriml by beiag htta. 
luble”tei, mostly soluble in alcohol, unerystallisable, andsoftemag or melting at a 

Modcroto heat. They nmy bp diTidcd into ... * ,, 

1 Rosins which exude spontaneously from plants, or from wcisions in the etema 
and branches, and harden on exposure to the air. These are mostlymixt n«s somefames 
containing considerable quantities of gam or mucilage ( Gum-resms), or of volatile oil 
(Balsams). They are for the most part produced by the oxidation of volatile oils 

**2 ^Oxidised ^Fossil Begins, occurring in beds of coal lignite, &c., and apparently 
produced in a similar manner from plants of a bygone age. The term fossil resin is 
sometimes, but inappropriately, extended to certain hydrocarbons, such as scheererite, 
ozokerite, &c., occurring in similar localities. 

3. Resins extracted from plants by alcohol, and consisting in many cases of definite 

proximate principles. _ ... ... ... 

Resinous bodies are also produced, artificially, by the oxidation of volatile oils m 
contact with air, or by the action of nitric acid ; in the desiccation of drying oils; in 
the decomposition of alcohol, aldehyde, and similar compounds by potash, and in the 
dry distillation of many organic; compounds. 

Natural resins may be freed from admixed volatile oil by exposure to the air, by 
boiling with water, or by fusion ; gummy or mucilaginous substances may be extracted 
from thorn by water. — When a resin has been extracted from a plant by hot alcohol 
or ether, the solution on cooling deposits the greater part of the wax or fat contained in 
it; and if it be then distilled with water, the resin remains behind, and may be further 
purified by washing with water. 

The products thus obtained frequently retain small quantities of acid, fat, volatile 
oil, colouring-matter, &c\, and nmy in some cases be resolved into two or more resins, 
differing in composition and properties. 

Resins are transparent or translucent ; a few are colourless, but the greater number 
are yellow, brown, or otherwise coloured. Some of them are hard and friable, a few 
are crystalline; others arc soft and greasy, or elastic like caoutchouc. They become 
electric by friction. When heated they soften or melt, mostly without decomposition, to 
a thick tenacious liquid, generally more viscid than melted fat. They are not volatile, 
but when strongly heated; they carbonise, and give off carbonic anhydride, water, 
gaseous hydrocarbons, and volatile oils varying greatly in composition. (See Colophony, 
i. 1087.) 

Resins aro insoluble in water ; most of them dissolve freely in cold alcohol , some 
scarcely at all, or only in hot alcohol. The alcoholic solutions, when exposed to the 
air, give off the alcohol, and leave the resin in the form of a varnish. They are ren- 
dered milky by water, from separation of the resin ; more complete separation is 
effected by mineral acids. Most resins are soluble in ether. Volatile oils likewise 
dissolve them, and the solutions, on exposure to the air, leave first a balsam-like mass, 
then tho resin. Resins may bo melted together with fats ; their solutions in drying 
oils harden in contact with the air. 

Resins are either neutral or acid. The former, when dissolved in alcohol, do not 
redden litmus, and they are insoluble or only sparingly soluble in alkalis. The latter, 
which are the more numerous, redden litmus in alcoholic solution, and dissolve in 
caustic alkalis and alkaline carbonates, the solutions, when evaporated, leaving amor- 
phous musses, called resin - soaps, often precipi table from the solution by excess of 
alkali. Common yellow soap consists of tallow-soap mixed with a resin-soap, formed 
by dissolving colophony in caustic soda or carbonate of sodium. By decomposing the 
solutions of the re sin -soaps with metallic salts, compounds of the acid resin with 
metallic oxides arc formed, for the most part insoluble in water. 

Resins are used for a variety of purposes. Their solutions in alcohol, oil of turpen- 
tine, and dryiug fat oils, yield tho several kinds of varnish used for covering wood, 
metal, &e. with a thin but impermeable coating, in-order to protect them from air and 
moisture. Spirit -varnishes are the most brilliant, but also tHe most brittle ; their 
rigidity may be diminished by the addition of oil of turpentine. The resins commonly 
used for varnishes are copal, elemi, lac in scales, mastic, and sandarach. 

The following is a list of the natural resins, showing, except in the case of the fossil 
resins, the plants from which they are derived;— 

Resins exuding from Plants. 

«. Containing Benzoic or Cinnamic acids 


1. Acaroid resin, from Xanthorrhwa 

hastilis . 

2. Benzoin, from Styrax Benzoin. 

3. Dragon’s-blood, Oriental, from Cala- 

mus Draco. 


Dragon’s-blood, Canarian, from Dra~ 
can a Draco. 

Dragon’s - blood, American, from 
Ptcrocarpuo Draco • 
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Containing Benzoic and Cinnamic Acid (continued). 


4. Pern Balsam, from Myroxylon perui- 
ferum. 

6. Liquid Storax, American, from Liqui- 
aambar styracifiua. 

6. Liquid Storax, Oriental, from Liqui- 
dambar Altingia. 


7. Solid Storax, from Styrax officinalis. 

8. Tolu Balsam, from Myrospermum 

tolutferum or frutesetns. 

9. Mecca Balsam, from OpobdUamm 

verum , s. eilcadenss. 


fi. Not containing Benzoic or Cinnamic Acid. 


1. Alouchi resin, from a tree growing 

in Madagascar. 

2. Gam ammoniacum, from JOorema 

ammoniacum. 

3. Anime resin, from Hymcncea Cour- 

baril. 

4. Arbol-a-Brea, from Canarium 

album ? 

5. Asafcetida, from Ferula Asafcetida. 

6. Bdellium, from Balsamodendron 

(various species). 

7. Betulin, from Betid a alba. 

8. Caranna, from Amyris caranna, 

Bursera gummifera or acuminata. 

9. Ceradia rosin, from Ceradia furcata . 

10. Copaiba balsam, from various species 

of Copatfera. 

1 1. Copal, Brazilian or West Indian, from 

Hymcncea Cour baril. 

Copal, African and East Indian, from 
Hymenaa verrucosa or llceocarpus 
copalifcrvs . 

Copal, North American, from Rhus 
copattina. 

Dammam resin, Australian, from 
Dammara australis. 

Dammara resin, East Indian, from 
Pifius Dammara or Dammara alba. 

13. Elemi, from Amyris or Idea (various 

species). 

14. Euphorbium, from Euphorbia ofjici - 

narum , anti quorum, and canariensis. 

1 5. Galbanum , from Babon Galbanum ? 

16. Gamboge, from Stalagmites cam bo- 

gioides or Hebradendron cochin - 
chinensc. 


17. Gomart resin, from Bursera gummi- 

fera. 

18. Guaiacum, from Guaiacum officinale. 

19. Icica-rcsin, from various species of 

Idea. 

20. Ivy-resin, from ffedera Helix. 

21. Jalap-resins, from Convolvulus 

Schiedanus, Sec. 

22. Labdanum or Ladanum, from Cistus 

creticus. 

23. Lac, from Aleurites laccjfcra, Croton 

aromaticus , Butea frondosa , Ficus 
religiose, and Zizyphus Jujuba. 

24. Laetia-resin, from La'etia resinoea, 

26. Masopin, from a Mexican tree. 

26. Mastic, from Pistacia Ixntiscus. 

27. Maynaa, from CalophyUvm Calaba . 

28. Myrrh, from Balsamodendron 

Myrrha. 

29. Olibanum or Incense, Indian, from 

BosiveUia serrata. 

Olibanum or Incense, Arabian, from 
Amyris Kataf. 

30. Opoponax, from Ferula Opoponax. 

31. Palm- wax (Cera de Palma), from 

Ceroxylon andicola. 

32. Pasto-resin, from a Mexican tree. 

33. Sagapenum, from Ferula persica. 

34. Sundaraeh, from Thuja articulata. 

36. Scammony, from Convolvulus Scam- 

monium and other species. 

36. Tacamahac, West Indian, from 
Amyris tomentosa. 

Tacamahac, East Indian, from Calo* 
phyllum hwphyllum . 

27. Turpentine, from coniferous trees. 


B. Fossil Resins (containing oxygen). — Amber, Ambrite, Anthracoxene, Asphalt, 
Berengelite, Boloretin, Buearamanga-resin, Copalin, Euosmite, Fossil Caoutchouc, 
Guayaquil life, Hartin, Inolyte, Jaulingite, Kmnizite, Melanchym, Middlctonite, Peat- 
resins, Piauzite, Pyroretin, Retinasphalt, Retinite or Walchovite. Scleretinite, Resin 
from Settling Stones in Northumberland, Tasmannito, Xyloretin, Resins from the 
Lignite of Weissenfels — viz., Geocerain, Geocericacid, Geocerinone, Geomyricin, Geocerie 
acid, Leucopetrin. 


C. Resins extracted from Plants by Alcohol. 

Nearly all plants yield resins when thus treated. Among them may be mentioned 
the resins of Angelica-root, Indian hemp, Cubebs, Manna, Poplar- buds, Butter-bur 
( Tussilago Petasites), Spanish pepper (capsicin ), Squill ( Scilla marxtima ), and Turpethum 
{ipomaa Turpethum). 

Most of the resins above enumerated have been or will be described in their alpha- 
betical places. Some are not sufficiently important to require special description. We 
give here a few that have been omitted. (See further Ghnelin* s Handbook , xnt. 382— 
465): 

1. Gum Ammoniacum . — This gum-resin exudes from an umbelliferous plant (Dormm 
ammoniacum, Don. ; Heradeum gummiferum , Willd.) growing in the northern part* of 
Persia and Armenia. It occurs in commerce, sometimes in white, yellow, or reddish 
V^V, 0 
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- • « in cakes mixed with 4&id and eawdugt, I^lwj a 

grams of rarious sizes, ® t ^ at 0 f garlic and of castoreum, and, aris% from 
strong disagreeable otlcnr^rescmb g , , p phuretted), which may be sepi^d W 

the presence of an essen v (P , ^ 0 f ^ ie hand, and becomes brittle when 

* it Zvifv - T-20 It tK according to Buchok, 72-S> fient 
VMlfSSw Srin,-d «U oil «d water; accord/ng te 
ream, Z24 soiuDje gum, 4 . 4 b!legor i n , 7-2 volatile oil and water. 

B By" digesting gum-ammoniacum with alcohol, a clear yellow solution IS obtained, 
which yields by evaporation a transparent nearly colourless resin, containing, according 
to Johnston, 71 -9 per cent, carbon, 7 6 hydrogen, and 20;5 oxygen. By heating this 
wsin to 130 as long as it gives off vapour, another resin is obtained containing more 

C *2 of Ceradiafurcata.— This plant, growing on the coast of Africa, opposite 
the island of Ichaboe, yields an amber-coloured resin, having the odour of olibanum, 
and a specific gravity of M97- It appears to have the composition of the turpentine 

resins, C M 1I"0*. „ ... , .. ' 

3 Gomart-rcsin , from Rurscra gummifera.— Solid, dry, ratnor sott m the middle, 
nearly white, and of ciystalline structure, exhibiting ertvities lined with shining crystals, 
slightly fusible ; spreads out on boiling water in adhesive grains, Tho odour is inter- 
mediate between that of turpentine and that of elemi. Yields by distillation with 
water, n transparent colourless volatile oil, having the odour and composition of turpen- 
tine-oil C ,0 II ,a , vapour density *» 47, and forming with hydrochloric acid gas a 

’ * * ’ .. n ’ „r, Z n elnrrr,l,v.« wxrUJfn, cillrir noiullaa 



Specific gravity Ot 1 zsn ^l>rissonj. h<lb a taint aronwiie wiphu ttuu uuuui, 
according to Pelletier, 23 per cent, resin, 7 gum, 70 woody fibre, with malic acid and 
salts. It burns with a bright flame and agreeable odour; yields by dry distillation, 
first acid, then ammoniocal water, together with yellow and red oil. 

5. Resin of Laetia rcsinosa . — Small yellowish- white, transparent, green, brittle 
grains, with conchoiVlal fracture. Has a faint aromatic odour. Yields a small quan- 
tity of volatile oil by distillation with water. When heated, it melts, swells up, burns 
with a white very smoky flame, leaving a bituminous cinder. Dissolves completely in 
boiling alcohol, and partly separates on cooling. (Macaire-Pr ineep, Bibl. univ. 
xlv. 431.) 


RBBOHCXN. C 8 IPO* — A compound homologous with orcin (C 8 H ,0 O*) produced 
by the action of potash on galbanuni (iv. 215). 

RESPIRATION. All animals, so far as we know, have need of oxygen in order 
tlmt the oxidative processes, whereby their life is manifested, may be carried on. Some, 
the Bo-called air-breathing animals, obtain the oxygen they require from the atmo- 
sphore ; others, tho so-called aquatic animals, live on the free oxygen always to be 
found in those waters which are capable of supporting life. In order to bring tho 
oxygen-bearing medium into close contact with the blood or internal juices of the body, 
a special mechanism is in most cases provided. Thus in man, by the alternate ex- 

S ansion and relaxation of the chest-walls, a quantity of air is alternately drawn into and 
riven out of hollow organs called lungs, situated in the chest, but having a direct 
connection with tho external air; by means of bloodvessels ramifying over the lungs, 
the blood is brought very near to the air. Similar organs, with various modifications, 
arc found in all the higher and in some of the lower air-breathing animals. In other 
cases, e. g. insects, air is carried by means of ramifying tubes all over the body. In 
many aquatic animals the blood or nutritive fluid is made to pass into or through 
organs called gills, so constructed that the water in which the animal is living is sepa- 
rated from the blood or nutritive fluid by a very thin membrane only. In others water 
is carried by canals (water- vascular organs'), by a system of irrigation as it were, through 
a smaller or larger portion of the body. Finally, all animals are capable, to a greater 
or less extent, of acting upon nnd being acted upon by the surrounding oxygen-bearing 
medium, be it air or water, through tho external surface of their bodies and through 
the walls of various cavities (digestive, &c.). In muny of the lower animals this is the 
only way in which oxygenation takes place, no special organ of any kind being pro- 
vided for that purpose. 

The word breathing or respiration was at first used to denote the visible play 
of the mechanism, whereby the oxygen-bearing medium was brought near to the fluids 
of tho economy, — namely, the driving air into (inspiration) and out of the lungs 
Respiration), or analogous functions, in other animals, — and is still often employed 
in this limited sense. Inasmuch, however, as a particular respiratoiy mechanism is 
not essential to tho gaining of oxygen, while the gaining of oxygen is the end of 
every respiratory mechanism, it lias become a habit to consider respiration to mean 
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the Absorption of free oxygen by any means whatsoever. And since it so happens that 
at the same time and place, and by the same organs that oxygen is taken into the 
economy, carbonic acid is also given out from it, and other changes of gases possibly 
take place, the term has acquired the still wider signification of " the interchange 
between the gases of an organism, and the gasqs of the medium in which it lives.” 

Theory of Respiration. 

The ancients were for the most part agreed that the great ubo of breathing was to 
cool the lungs and moderate the heat generated in the viscera; and this opinion main- 
tained its ground, to a gr&it extent, through the middle ages into modern times, in spite 
of the anatomical and physiological labours of Vesalius and Harvey. The observations 
of Van Helmont (1648), on the unlitness of gas sylvestre for breathing purposes ; of 
Hoyle (1670), on the necessity of air for the respiration, not only of all terrestrial but 
also of aquatic creatures, and on the unfitness of respired air for further respiration ; of 
Hook (1664) on artificial respiration ; and of Lower (1669), on the change of colour to 
be observed in blood while passing through the lungs, prepared the way for the striking 
views of John Mayow (1674). This young physiologist recognised, as a constituent 
of atmospheric air, of nitre, and of other substances, and as a necessary factor of com- 
bustion, a something which he calls spirit us nitrone reus or particulre nitroaerea sine, 
igneoaerem, and by which he evidently meant what we now call oxygen. He observed 
that by respiration, as by combustion, air was deprived of its particulee nitron ere & ; 
and he was tho first to remark that when animals were made to breathe in a limited 
space, as in a bell-jar over mercury, the volume of the air was lessened. He main- 
tained that the use of respiration was not to eool the blood, or to promote the transit 
of that fluid through the lungs, or to encourage n due mixture of its component parts, 
but to supply it with the particula: nitroaenoe ; and he was of opinion that these par- 
ticular, embraced by the blood and carried bj r it to the muscles, entered into such a 
violent molecular conflict with the combustible or (as he calls it) sulphureous material 
there stored up, as to produce the phenomena of muscular contraction. With these 
views Mayow mixed up many crude and immature ideas, from which, had he lived 
longer (he died a.d. 1679, set. 33) ho might have freed himself. His great lack was 
the failing to recogniso that in respiration (and combustion) there was something 
produced aswell as consumed. This, however, was r ot fullyshown until Black (1767) 
demonstrated the existence of carbonic acid in expired air. The next step was made 
by Priestley, who showed (1771) that air which had become unfit for respiration or 
combustion, by reason of animals having breathed, or candles having burnt, or substances 
having putrefied in it, regained its lost properties on being submitted to the influence 
of living plants ( On Air, 2nd ed. 1776). He marred tho good of his discovery by 
adopting a retrograde theory of the nature of respiration and combustion. He main- 
tained that the carbonic acid (fixed air) of expired air did not come from the lungs, 
but pre-existed in common atmospheric air, and was “ precipitated ” therefrom by the 
union of the air of inspiration with the phlogiston (ultimately derived from the food) 
which was thrown off by tho lungs. Living animals (and burning or putrefying bodies) 
phlogisticated. he said, and living plants dephlogisticated common air. Priestley, how- 
ever, prepared the overthrow of his own views by the* discovery of oxygon (1774-6). 
Through experiments made in 1777, but not published till 1779, Crawford ( Animal 
Heat , 2nd ed. 1788) was led to connect animal beat with respiration. He says(p. 361): 

“ The pure air is received into the lungs containing a great quantity of elementary fire ; 
the blood is returned from the extremities imprecated with the inflammable principle; 
the attraction of pure air to the latter principle is greater than that of the blood. This 
principle will therefore leave the blood to combine with the air ; by this combination 
the air is obliged to deposit a part of its elementary fire ; and as the capacity of the blood 
is at the same moment increased, it will instantly absorb that portion of fire which had 
been detached from the air. The arterial blood, in its passage through the capillary 
vessels, is again impregnated with the inflammable principle, in consequence of which 
its capacity for heat iB diminished. It will therefore, in the course of the circulation, 
gradually give out the heat which rt bad received in the lungs, and diffuse it over 
the whole system. Thus, in respiration, the blood is continually discharging the in 
flammable principle, and absorbing heat, and in the 'course of the circulation is con- 
tinually imbibing this principle and emitting heat.” 

Meanwhile the true theory of respiration had been more clearly and distinctly pro- 
pounded by Lavoisi er. who, following up his investigations on oxidation and on the 
constitution of air, in 1777 {Experiences sur la Respiration des animator tt sur lee change,- 
merits qui arrivent a Fair en passant par leur poumon, Mfemoire lue & l’Acadfemie des 
Sciences le 3 Mai 1777, OEuvres, fed. imp. 174), demonstrated that a n i m a l s by the 
act of breathing took away from the atmosphere oxygen {V air Iminement respirable), 
and loaded it with carbonic add if adds crayeux aerijorme). He hesitated to deesdf 
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whether the oxygen was converted into carbonic acid while passing m and out of th& 
lungs, or whether oxygen was absorbed into, and carbonic acid exhaled from, the 
blood during its passage through the lungs ; but inclined to the former opinion. 
In 1780 he showed, in conjunction with La Place (M&noire sur la Cbaleur, Art. iv., 
OEuvres, ed. imp. ii. 283), that by far the larger portion of the heat given out by 
animals during a given period could be accounted for by considering it to^ be due td 
the combustion of a quantity of carbon sufficient to produce the carbonic acid exha 1«F 
during the same time. In 1785 (Alterations qu'eprouve Hair respirS, (Eurres, 6d. 
imp. ii. 676), ho recognised that tho whole of the oxygen which disappeared during 
respiration, did not return in the form of carbonic acid; and while admitting the pos- 
sibility of tho missing portion having “ combined with the blood,” thought it more 
probable that it united with hydrogen in the lungs to form water. He had by this 
time definitively adopted the theory that the formation of carbonic acid took place in 
the lungs, and in a memoir published in 1790 (Premier Memoire sur la Transpiration dcs 
Animaux , par Sequin et Lavoisier, CEuvrcs, 6d. imp. ii. 708), he gives the following 
account of his views on the subject. There is continually transuding from the blood 
through the pulmonary membranes into the air-tubes, a humour which is principally 
composed of carbon and hydrogen. This humour, issuing from the minute exhalant 
vessels of the lungs in a state of very fine division, unites with the oxygen in contact with 
it, and is thus converted into water and carbonic acid. The carbonic acid is driven out 
by the action of tho lungs while the accompanying water (water of respiration), together 
with tho water which transudes into the air-tubes along with the hydrocarbonous 
respiratory material (water of pulmonary transpiration) is carried off in the form of 
vapour by the heated air of the lungs. 

Tho difficulty felt in supposing that, while the whole body is nearly of the same 
temperature, combustion takes place in one spot only, to wit the lungs, was met by 
Lavoisier and La Place with the reflection that the rapidity of the circulation, the 
evaporation by the lungs, and an augmentation of the capacity for heat in decarbonised 
blood (theory of Crawford), were sufficient to account for the phenomena. Lagrange 
however, dissatisfied with this explanation, put forward through Has eonfratz the 
theory (which Lavoisier had discarded) that oxygen was absorbed into the blood, and, 
during the course of the circulation, combined with tho carbon and hydrogen of tlmfc 
fluid, giving rise to carbonic acid and water, which were in turn exhaled through the 
lungs. Lagrange supported his views by no facts or experiments, and they did not 
meet with any general acceptance. 

In 1799 II. l)avy (Beddoe's Med. Contrib. p. 128) published a theory that in the 
net of respiration, phosoxygen, as he called it, combined with venous blood, while at 
the same time “carbonic acid and water wore liberated, either by the increase of tem- 
perature, or from tho superior affinity of phosoxygen for venous blood ” He was able 
to obtain a small quantity of carbonic acid from venous, and a very small quantity of 
oxygen from arterial blood. In 1800, however (Researches, p, 447), ho had abandoned 
his phosoxygen theory, and embraced the views of Lavoisier, though he was led, by his 
experiments on tho respiration of hydrogen and nitrous oxide, to believe that some at 
least of the carbonic acid of expired air did not arise directly from a combustion of 
carbon in the lungs, but pre-existed in venous blood, and transpired from it through 
the coats of the minute bloodvessels. 


Spallan zani (Memoirs on Respiration, by Sennebier) in the course of some 
experiments which were not published until 1803, found that snails placed in an 
atmosphere of pure hydrogen, still continued for some time to give off carbonic acid, 
which in this ruse could not have arisen from any direct combustion of carbon. Singu- 
larly enough he explained this fact by supposing that carbonic acid was generated by 
the food in the stomach, entered thence into the blood, and so made its way through 
the skin and lungs. 

These observations of Davy and Spallanzani were overlooked by physiologists, until 
J ~ d w u r d s ( Influence of Physical Agents on Life, by Hodgkiu.p. 226), showed in 
1823 that frogs fish, and infant mammalia, when placed in an atmosphere of hydrogen, 
exhaled a quantity of carbonic acid, far too great to be accounted for by the consump- 
tion of the small amount of oxygen still remaining in the lungs of the animals at the 
moment of tlieir being removed from atmospheric air. 

About this time, and for some years afterwards, there maybe said to have been 
threo mum theories of respiration adopted or discussed by ‘physiologists. There was 
the theory of Lavoisier, either in the actual form in which he enunciated it, or that 
modificationof it which was more generally received in England— viz., that the hydro- 
carbonous material which suffered combustion in the lungs was not secreted as such 
into the mr-yesieles, but was oxidised while still in the venous blood by means of the 
passage °f air or oxygen ^through the coats of the bloodvessels. This, which might be 

indeed tmvS’l T ob,!ll,UMl b >’ f * r the greatest amount of support, and 

mdted may still be found in books of the present day. Another opinion was that 
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either air as a whoK or ttie oxyaen of it only, passed through the coats of the blood- 
vessels and combined with the blood, while at the same time the lungs, out of the 
hydrocarbonouB material with which venous blood was supposed to be loaded develooed 
or ewreted carbonic acid. This " secretion” theory, constructed chiefly to explain the 
results of Edwards, corroborated as they were hy those of Collard do Martigny, Her r- 
mann, Midler, &c., was embraced by a few only. It is somewhat strange that the 
tendencies of the present day seem nevertheless to be turning back to a modification 
this view. Lastly, there was the old suggestion of Lagrange, that oxygen passing 
by solution into the blood was consumed in the capillaries, giving rise to carbonic acid 
which escaped by the lungs. This “ diffusion” theory was mostly rejected by reason of 
the difficulty that was met with in attempting to demonstrate the existence of free car- 
bonic acid in venous or of free oxygen in arterial blood. Thus while H. Davy, Nasse, 
Vogel, Brande, Home, Scudamore, Collard de Martigny, Maitland, Vauquclin, 
Stevens, Hofman, Entschut, and Bischof obtained, either by heat or the vacuum, or 
by a current of some indifferent gas, evidence of the existence of free carbonic acid in 
venous blood, J. Davy, Strohmeyer, Bergmann, J. Muller, and Tiedcmann with Gnu*] in 
and Mitscherlich, failed to do so ; and while If. Davy obtained a small quantity of oxy- 
gen from arterial blood, subsequent observers were unsuccessful. The “ combustion ” 
theory therefore, in consequence of this discordance, retained its hold upon physiologies 
until the experiments of M&gn us in 1837, who made an epoch in this subject by defi- 
nitely determining the gases of blood. 

In his first researches (Pogg. Ann. xl. p. 583) Magnus repeatod the experiments 
of his predecessors, who attempted to drive off from blood its free carbonic acid by 
means of a stream of hydrogen. By continuing the current for 24 hours, he obtained 
as much as 34 cc. of carbonic acid from 62 ’9 cc. of blood. Subsequently, on observing 
that in using the air-pump blood could not be made to give up its gases until a very 
great exhaustion had been arrived at, ho constructed a mercurial air-pump, and by 
this means was enabled to demonstrate the existence in both arterial and venous blood 
of very considerable quantities of oxygen, nitrogen, and carbonic acid: — 
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„ vein . 

» *t * 

Very old Horse : 
»» »» 

»» ii 

Calf : artery . 
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170 18-9 
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4*0 

. 
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Hence, while both kinds of blood alike contain oxygon and carbonic acid, arterial 
blood contains more oxygen and less carbonic acid than dues venous blood. Although 
the quantities of these gases thus obtained could not be supposed to represent all the 
gas really present in a free state in the blood, Magnus satisfied himself that the 
amount of carbonic acid determined by his experiments was sufficient to account for 
tho whole quantity given off by the body in health. Further experiments (Poggeud. 
Ann. lxvi. p. 177, 1845) taught him that blood shaken up in an atmosphere of oxygen 
will absorb from 10 to 12 per cent, (of volume) of that gas, a quantity sufficient to 
account for all the oxygen consumed by the economy. He was thus led to adopt 
in its entirety the “diffusion” theory; and the demonstration of tho existence 
of free gases in tho blood having been the one thing lacking to this theory, he was in 
this followed by nearly all physiologists. Ho regarded the gases as simply dissolved 
in the blood, and explained the entrance of oxygen and the exit of carbonic acid by a 
reference to thoHenry-Dalton law of pressures (see Gases, Adsorption of, by Liquids). 
According to this view, which, was more fully elaborated byVierordt ( Physiologic 
des Athmem ), the carbonic acid neither replaces nor is replaced by the oxygen, but 
both are taken up and given off independently of each other. (The idea of Valenti n 

and Brunner, that the phenomena of respiration form an examplo of Graham’s law of 
transpiration of gases, was shown by Regnault and Redact to be erroneous ; these 
observers having proved that in the animal economy the ratio between the amount of 
oxygen absorbed and that of the carbonic acid exhaled is not constant). The venous 
blood laden with carbonic acid, on being exposed, during the passage through the lungs, 
to an atmosphere containing but little of that gas, must, in obedience to the law of 
pressures, give oflf a portion of its carbonic acid, and will continue to do so until 
an equilibrium is established between the tension of the carbonic acid in the air of 
the lungs, and the tension of carbonic acid in the blood. Similarly venous blood, poor 
in oxygen, on being exposed to the air of the lungs, will absorb oxygen until an 
equilibrium is established between the tension of oxygen in the air of the lungs, and the * 
tension of oxygen in the blood. And inverse presses will take place in the systemic . 
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capillaries between (he arterial blood and the tissues. In each case the exact point «♦ 
which equilibrium is established will depend on the so-called 


which equilibrium is established will depend on me so-cauea ’* cosorptioh-eoefRoieiit ” 
of blood for oxygen and carbonic acid respectively. 

Before long, however, if began to be seen that this view was open to many objections, 
Liebig, in hie Chemical Letters (by Gregory , 3rd ed. p. 332), strongly advocated the 
opinion that the condition of the greater part of the oxygen in the blood was one not 
of simple physical absolution, but of chemical combination — a combination, however, 
so loose that it was capable of being disturbed by the action of indifferent gases or of 
the vacuum. In support of his view, he drew attention to an analogous combination 
between carbonic acid and aqueous solutions of phosphate of sodium, cited the experi- 
ments of Kegnault and Reiset, which showed that in an atmosphere of pure oxygen, 
animals consumed the same amount of that gas as when breathing ordinary air, and 
instanced the fact that in high regions, whore the absolute quantity of oxygen taken 
into the chest at a breath is only about two-thirds of that taken in at the sea-level 
the vital processes do not suffer any marked changes, such as would certainly follow 
variations in the quantity of oxygen absorbed. He, moreover, pointed out the neces- 
sity for accurately determining the absorption-coefficients of blood for its gases. This 
was afterwards attempted by Loth a r Meyer, Fernet, and others, whose inves- 
tigations, while they may be considered to have explained the entrance of oxygen into 
the blood, have left the question of the exit of carbonic acid still somewhat unsettled. 

Absorption of Oxygen. 

L.Mey cr (for whose figures sec vol. i. p. 606, vol. ii. p. 803) found that when blood 
was exposed to oxygen at various pressures, the quantity of that gas taken up might 
bo regarded as consisting of two portions, one following the law of pressures, the 
other wholly independent of pressure. The former however, in respect to which blood 
differed very little from water, was found to be so small compared with the latter 
that the increments ot absorption duo to increments of pressure were almost covered 
by errors of observation. Ho accordingly drew the conclusion that oxygen was 
chemically combined with the blood during the passage through the lungs, though in 
so loose a fashion that it could be driven off again by the action of indifferent gases, 
or of the vacuum assisted by heat. Fernet (Ann. Sc. Nat. [iv.l viii. p. 12 ft) arrived 
at the same conclusion, and moreover pointed out that this special affinity for oxvgen 
was possessed not by the scrum or plasma, but by the red corpuscles. Thus the proper 
of blo £ l for ox y£ en waa to be *0288 at 16°, of serum 0288 

lit 10-8 (the absorption-coefficient of water atl6°for oxygen being-02949); whilel vol. 
blood chemically combined with -0958 vol., and 1 vol. serum with -00117 vol. oxygen 
at tli e same temperature. Neither Meyer nor F ernet, however, were able to obtain from 
arterial blood, by means of tho vacuum, as much oxygen as was absorbed by venous 
blood when agitated in mi atmosphere of that gas. Hut this difficulty was removed by 
hotHthenow (Wien. Akad: Her: xxxvi. p. 293), who, using a much larger vacuum, 
was enabled to drive off from blood much larger quantities of oxygen (see table below). 

W BlSl OX nf° , ™ poaBOI ““ - hy bl °° d was ala0 8hown h y the experiments of 
Z?}: : v ( , Am V V 1 ' X1,arm * cvl, i- P* 25 7), who found that, animals (rabbits), made 
to breathe a limited amount of oxygen, consumed the whole of it, provided that the 
quantity placed at their disposal did not exceed 150—200 cc. The same observer 

of oxygen ' VffiVwl fT* 1Ur "i asphyxiated animals contained a trace only 

E i Wa " ™ T ™bomted by Setschenow, and is directly opposed to 

the theory tlmt the absorpt ion of oxygen takes place according to pressure. 

nTi » wV H 'r iV 11 ° f >lood carbonic oxide has been found to illustrate the chemi- 

I IV lu l Tf h<> PrOC Tr S « fa ^Pbon (Bernard, Lecons, Subst. Toxiq. 1857, p. 1577; 
a stream of e ,rl P . Arch> X1 ’ 288 )- ^lood. when agitated with or treated with 

onlv to hal beCOra( ; s of a P eculiar bri ^ ht ^d colour, and is found,* not 
It has lost tho I 0 !? c> Pf on > but to have become incapable of absorbing that gas, 

Jt nas lost t.!m property of becoming artenahsed. There is reason to belies* that 

“I^^the "blood ‘ "STT* ,h j n ® xygeD fcr the »“moglobin or red colIZring- 
N a wro ok i m, ’t ,, ' m r ".'t ?' lh 11 a more . compound (see below), 

off bv a stream nf m.'i °. IS6n, T’ 1883 p. 298) finds that the amount of oxygen driven 
ott by a stream of carbonic oxide tallies extremely well with that obtaintxl bv means 

Va r“ m .' and has been adopted by soma suUequenY 
' * y, ‘ Ultl,k ' rre > “ * “ethod of estimating the ZZtof’wn 

fVhx-h 1 AKh th ^x n id Va 4tfl has - b 'oL ma< i e fa y th ® °? tical studies of Hoppe-Seyler . 
kern. Anal. p. 201)‘«„d Stakes (I^ E^y % ® 17; H ,“ db ; 

vertebrate animals consist for the nmst m* 1 i. S . 56) ' corpuscle, of 

iamatom/stnllin or htmabc/lobulin, or Shorter rFr"* ***’” caI1 ^ 

(Stokes), and which may often be ob t aintTa^t: f ^. OPP ^”to3; 
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concentrated solutions of this body, which are found to contain free oxygen and are 
of a blood-red colour, are examined with the spectroscope (or simply with a prism 
and slit in Stokes’ way) there is found to be little absorption of light in that part 
of the spectrum which reaches from the extreme red to jths of the distance between 
C and D, while in the remaining ^th the absorption is much stronger. When 
the oxygen has been driven out of the solution by a current of hydrogen or car- 
bonic acid, there is witnessed a very great increase of absorption of light at the 
red end, except in the space between a and B, and even in this part there is a slight 
increase of absorption. Upon these optical properties probably depends the difference 
in colour between arterial and venous blood. Venous blood viewed by the spectroscope 
without exposure to air, shows a very distinct absorption of light from B to beyond C, 
an effect which disappears when the blood is oxygenated by agitation with air. 
(Hoppe.) 

Dilute solutions of blood-colouring-matter show two very dark and sharply-defined 
absorption-bands (visible in a 1 cc. thick layer of a solution of 1 grin, of colouring- 
matter in 10,000 cc. of water) between D and E, one being close to D, the other and 
thicker one being close to E; if D is at 80 of the scale and E at 10G, the first band 
reaches from 81 to 87, the second from 95 to 106 (Hoppe, Stokes). When such a 
solution is treated with any reducing agent, such as a solution of ferrous sulphate or 
stannous chloride with tartaric acid and ammonia, it assumes a purplish colour, loses 
the two distinct bands, but gains a new one reaching from 82 to 97, with fainter bands 
extending on either side from 77 to 82 and from 97 to 99. If the solution be now 
agitated with air, it becomes blood-red again, and exchanges the new band for the two 
original ones (Stokes, Hoppe). The same effects may be produced by using sulphide of 
ammonium as a reducing agent, or by passing a stream of carbonic acid, hydrogen, 
nitrogen, &c. through the solution, of by keeping the solution for some little time at a 
blood-heat, or for a longer time at the ordinary temperature. In all these cases, the 
two original bands are found to be replaced by an intermediate band, and may bo 
brought back again by agitating the solution with air or oxygen, the phenomena being 
accompanied by a change of colour from scarlet to purple and vice versd. Hence tho 
conclusion has been come to that there is a substance, holding oxygen in loose combi- 
nation, giving two absorption- bunds, and possessing a scarlet hue the scarlet cruorin 
of Stokes, the oxyhtemoglobin of Iloppe ; this body may give off its loose oxygen, 
either to some reducing agent or to some of its fellow blood-constituents (or to the 
tissues), and then has a purple hue and shows only one marked band — the purple 
cruorin of Stokes, the hemoglobin of Hoppe ; on exposure to air or oxygen, the 
purple cruorine or hemoglobin absorbs oxygen, and becomes once more the scarlet 
cruorin or oxy haemoglobin. And it is presumed that this is the way in which the red 
corpuscles of blood perform their share in tho work of respiration. The haemoglobin 
or purple cruorin of the blood of the pulmonary artery, ab orbing oxygen, becomes 
oxyhsemoglobin or scarlet cruorin, and in the course of the circulation gives up its 
oxygen, becoming mere haemoglobin or purple cruorin. Since venous blood always 
contains some oxygen, one im^t expect to find the spectrum of oxyhemoglobin even 
in venous blood examined without any exposure to air, and such is the case (Stokes, 
H o ppe). The blood of an animal dying of asphyxia, however, contains no oxygen, and 
shows very distinctly the band of haemoglobin or purple cruorin alone. (IIoppc.) 

When a solution of oxy haemoglobin is treated with carbonic oxide, oxygen is set 
free ; the carbonic oxide, however, does not act as a reducing agent, the blood does not 
.become purple from the formation of haemoglobin, but of a peculiar bright red colour 
.from the combination of carbonic oxide with haemoglobin, to form carlioxyd haemo- 
globin, whose spectrum is similar to that of oxyhaeinoglobin, there being only a slight 
difference in the position of the hands — one reaching from 82 to 90, the other from 95 
to 106 (Hoppe). The combination between carbonic oxide and haemoglobin is not 
(or at least only slowly and partially) decomposed by exposure to air or oxygen. Tho 
carbonic oxide may, however, be replaced by nitric oxide, tho blood being scarcely 
changed in colour, remaining still a bright red, and the spectrum resembling that of 
oxyhsemoglobin, but with bands less strongly marked. Nitric oxide may also be 
directly combined with haemoglobin, and also with oxyhsemoglobin ; in the latter case 
some nitric oxide is oxidised at the expense of the loose oxygen. A given quantity of 
haemoglobin unites with equal volumes of oxygenf, carbonic oxide, and nitric oxide 
(Hermann, I*. Arch. Anat. Phys. 1865, p. 469). It is calculated that 1 grirt. haemo- 
globin unites with 1*3 cc. of gas. 

The entrance of oxygen into the economy being therefore in the main not a physical 
process of absorption, but a chemical one of oxidation (and reduction) the amount of 
the oxygen in the inspired air, provided only there is enough for ordinary purposes, 
will have little or no effect on the amount of oxygen taken into the blood. We 
Accordingly find that animals consume the same amount of oxygen and produce the 
same amount of carbonic acid when breathing pure oxygen as when breathing 
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ordinary air(Regnanltand Reiset). Nevertheless, many observers have from time 
to time described as effects of breathing pure oxygen, symptoms which have been 
interpreted as indicative of increased oxidation, which can hardly be considered as due 
to an augmentation of that fraction of oxygen which is really physically absorbed, and 
which have not been otherwise clearly explained. 

Exhalation of Carbonic Acid . 

L. Meyer (op. cit.), by exposing blood to carbonic acid at various pressures, 
found that the quantity of that gas absorbed might be divided into two portions, 
one obedient to’ and the other independent of the law of pressures. The absorp- 
tion of carbonic acid differed notably from that of oxygen, inasmuch as the portion 
following the law of pressures was much larger than that which was independent. 
Thus at 1 1° — 12° the former per vol. blood was, measured at 0° and 76 met., 1*151, the 
latter *630. Since blood contains carbonate and phosphate of sodium, and since 
aqueous solutions of these salts possess the power of holding, in loose combination, a 
quantity of carbonic acid over and above that due to Bimple physical absorption, it 
had been suggested that the absorption of carbonic acid by blood might bear some 
relation to these saline constituents. Rernet accordingly (op. cit.) studied the 
behaviour towards carbonic acid of aqueous solutions of these salts, taking the average, 
composition of blood as a standard. He found that on the one hand they absorbed a 
quantity of carbonic acid according to the law of pressures (and in this respect 
possessed absorption-coefficients differing very slightly from that of water); while on 
the other hand the solution of carbonate of sodium absorbed, independently of pressure, 
a quantity of carbonic acid sufficient to convert the simple carbonate into bicarbonate, 
and the solution of phosphate of sodium similarly absorbed a quantity at the rate of 
two equivalents of carbonic acid to each equivalent of the salt. (According to recent 
researches of Heidenhain and Meyer, Stud. Bresl. il. 103, fernet's results 
require some corrections). He moreover found that blood behaved in respect to the 
absorption of carbonic acid almost exactly as if it were a mere aqueous solution of the 
saline constituents in their proper proportions ; neither the corpuscles nor the oiganic 
substances of the serum had any marked share in the matter. 

By submitting blood to the action of a vacuum and moderate heat, Meyer obtained 
only small quantities of carbonic acid; by far the greater part of the total amount con- 
tained in the blood could not be driven off unless acids were employed. Setschenow, 
however (op. cit.), by the help of his larger vacuum, gained much larger quantities 
without using any acids. His results, together with those of some subsequent observers, 
are given in the following table, where “loose” carbonic acid means that which is 
given off to u vacuum, and comprises both that which is physically absorbed, and that 
which is retained by the carbonate and phosphato of sodium, while fixed" means 
that which is driven off by the use of acids 


Gases (measured at 0° 1') in 100 vols. Blood. 




0. 

N. 

Carotid* 

Dog 

. 1505 

1*192 

»» 

»» 

. 16*41 

1*20 

Venous 

M 

• 4*10 

*78 

Asphyxia „ 

. 1*161 

4728 

ii 

M 

« trace 

1*399 

»» 

n 

• ii 

1*184 

»» 

li 

♦ »i 

1-955 

Artery 

fi 

. 16*289 

*931 

Vein 

n 

. 8*217 

*951 


Dog 

» 

. 11*39 
. 4*15 

4*18 

305 

l&r 

• 

• . . 

• • 



. 1770 
. 0*20 

1*25 

1*00 

J Artery 
(Vein 

. 

. 15*24 

• 12*61 

1*23 

M7 

\ Artery 

(Vein 

• 

. 1176 
. 8*85 

1*66 

1*25 

J Artery 


. 18*95 

180 

1 Vein 

• 

• 10*46 

115 


Loose CO*. 

Fixed CO* 

. Total CO*, 

30*66 

2*54 

33*20 1 

28*27 

2*32 

30*59 

t • 

, f 

35*21 

33*168 

4*366 

37*534 - 

28*012 

3*286 

31*298 

38*152 

4*011 

42*163 

38*857 

1791 

40*648/ 

27*216 

1*173 

28*389 1 

82*159 

2*102 

34*261 f 

30*88 

1*90 

327<» - 

29*82 

5*49 

35*31 ) 

29*45 

2*92 

32*37) 

34*26 

3*81 

38*07 > 

31*65 

trace 

• 

33*05 

3*05 

36*10) 

26*44 

trace 

• « > 

27*83 

1*67 

29.50 j 

28*02 

1*26 

29*28) 

32-53 

3*06 

35*59) 

26*80 

0*67 

27*47) 

30*26 

1*57 

31*83) „ 


Setschenow* 


Sczelskow. 


Schoffer. 
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Tbe recent observations of Pliiger (Ucb. d. Kohlen&aure d. B lutes) seem to in- 
validate these results. This observer, by using a vacuum free from aqueous vapour, 
was enabled to drive off the whole of the carbonic acid, so that no more could be 
obtained by the addition of acids ; even neutral carbonate of sodium previously added 
to the blood was decomposed. It is probable that this result was brought about, in 
part at leaBt, by acids arising from the decomposition of the haemoglobin ; and, 
though a portion of the carbonic acid was obtained much more readily than the rest, 
the experiments suggest the question whether generation of acids does not take place 
in all cases where the vacuum is used — whether, in fact, the above distinction between 
loose and fixed carbonic acid is not in great measure a factitious one. 

That the escape of carbonic acid is, taken as a whole, a matter of pressures is 
shown by the results of all observers ; but there are considerable difficulties connected 
with the subject, which have not as yet been thoroughly cleared up Were the venous 
blood, during its passage through the lungs, exposed to air containing little or no 
carbonic acid, the law of pressures would readily suggest a cause for the immediate 
escape of the due amount of that gas. Such, however, is not the case. We are led to 
believe (Becher)that the air in the pulmonary air-cells contains habitually about 8 per 
cent, of carbonic acid. Hence, any just explanation of the process of exhalation must 
take into account the existence to that extent of a tension of carbonic acid in the 
lung-air, which has to be overcome before any escape can take place from the blood. 
Thus the hypothesis that in the lungs the acid carbonate of sodium is reduced, by 
mere exposure to lung-air, to the neutral carbonate, with escape of carbonic acid, is 
untenable, because the acid carbonate refuses to give up its extra atom of carbonic acid 
to air containing above l per cent, of that gas (Meyer). Similarly the carbonic acid 
retained by a solution of phosphate of sodium is not given off to an atmosphere of 
like carbonic acid tension (Schoffer, Wien. Akad. Her. xli. p. 589). Holmgren 
( loc . Hi., xlviii.) has attempted to determine the actual degree of tension of car- 
bonic acid which a vacuum (containing aqueous vapour) must acquire before blood 
ceases to give off to it its carbonic acid. This he found to be, at 40° C., 22 ‘3 mm. 
of mercury for arterial blood, 30 6 mm. for venous blood, and 38T mm. for the 
blood of asphyxia. In two cases, where tho normal expired air contained respectively 
2-94 per cent, and 4*31 per cent, of carbonic acid, and therefore gave tensions of 
22*18 mm. and 31*98 mm., tho blood ceased to give off carbonic acid at the tensions 
of 22*13 and 28*20 mm. Since the carbonic acid tension of tho interior lung-air is 
much higher than that of tho expired air, it is obvious that in these cases the 
blood could not have got rid of its carbonic acid while passing through the lungs, 
through the simple working of the law of pressures, unless there were something 
at hand in the lungs temporarily augmenting the carbonic acid tension of the 
blood, or otherwise assisting the escape of that gas. This is still more strikingly 
shown in two cases of asphyxia, where the tension of tho blood was 34*76 and 
43-41, of the lung- air 98 and 91*6 mm. respectively. Holmgren further observed 
that blood gave up its carbonic acid moro readily to a rarefied atmosphere of 
oxygen than to a vacuum containing nothing but aqueous vapour. Thus 153 cc. 
of blood gave up to a vacuum of 150 cc. at 22°, 0*418 cc. and 0 583 cc. of carbonic 
acid (measured at 0° 1'), while to the same space containing 8*99 cc. and 20*16 cc. 
oxygen, there were given up 1*375 cc. and 1*997 cc. of carbonic acid by the same 
quantities of the same blood. These results Suggest the idea that the act of the ab- 
sorption of oxygen in some way or other momentarily augments the tension of carbonic 
acid in the blood. But in what way is it able to produce such an effect? It has been 
shown that a certain portion of the carbonic acid of the blood is given off more readily 
than the rest, and it has been also shown that this fixed or stable remainder is greater 
in venous than in arterial blood (vide table, ante). In other words, during the passage 
through the lungs, a certain portion of the fixed or stable carbonic add becomes un- 
stable or loose, and it has been maintained by Schoffer {op. eit.) that the amount thus 
converted is sufficient to account for the quantity escaping mto the air. Now Preyer 
(Wien. Akad. Ber. xlix.) has shown that the same conversion of stable into un- 
stable carbonic acid takes place when venous blood is artificially arterialised by agita- 
tion with air or oxygen, whereas the amount of stable carbonic acid existing in serum 
is wholly unaffected by any such treatment. Hence it has been supposed that oxygen 
in the act of combining with haemoglobin effects in some way or other (by the de- 
velopment of an acid?) some kind of decomposition, whereby a certain amount of 
fixed or stable carbonic acid is converted into loose carbonic acid, the tension of 
carbonic acid in the blood proportionately augmented, and the escape of that gas into 
the air thns brought about: or, disregarding the distinction between loose and 
fixed, we may say that the absorption of oxygen is attended with a liberation of 
carbonic acid within the blood, leading to an increase in the tension of the .gas, and 
its consequent escape. 
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RESPIRATION. 

Absorption and Exhalation of Ritrogen, 

* i 7 i • n i.i « 


The quantify of nitrogen in blood is very small , and the observations with 
to its being absorbed or exhaled by the tongs have been remarkably discoiSt 
Fernet {op, cit) found the absorption-coefficient of serum for nitrogen to bo nearir 
exactly that of an aqueous solution of its saline constituents in their proper propor- 
tions, that is to say, a littie less than that of water (at 15° 3' serum, -014], at 16° 
water *01478). Setschenow (op. cit.), on the other hand, obtained for blood as a 
whole a higher absorption-coefficient than that of water, and therefore concluded that 
the blood-corpuscles are able chemically to combine with a small quantity of nitrogen 
Qualities of Respiratory Oxygen, 

Sc h on be in and His remarked that the red corpuscles of the blood acted like 
flndy-dmded platinum, &c M upon a mixture of tincture of guaiacum with peroxide of 
hydrogen ozonised turpentine, ether, &c„ m producing a deep blue colour Varioim 
animal substances rassewthie property in a greater or less degree, but none approach 
the rod corpuscles, dtfSthephe coiounug-matter of the red corpuscles, ip intensity of 
effect The presence of nftdorpuscles alsoyastly augments therapidity with which a ' 
solution of indigo is decofori«d and hydriodie acid decomposed by peroxide of hydroSn 
ononwfid turpentine, &c These observers were unable to produce any oxidative 
action on guaiacum with blood, unless one of the so-called mmna * 0 JflB , e 

A. Schmidt (IMcr 0.;m im Blute, imilwlZ has ehZ ftaHfd WeK ? re3ent 
cautions, blooil by itself will turn guaiacum , bluj If . S ‘“^•“■der certain pro- 
tincture of guaiacum (1 pt. gum to G of 80 percent alcohol) and d ‘ P J ) ja m 
blood or of dilute solution of hemoglobin nlacXTn it in' • ■' ® dre P ofdl ^ 

No othor substance in the animal body is\tef prod c^if‘ to 7Z, tte ** 
of oxidation may with eftro be witnessed when EKf 

is treated with blood. Blood, or a solution of £ 1 v \ n<Jlg ? soIutl0n 

peroxide of hydrogm with an energetic evolution ^ and ^1? f* 0 ™* 0 ** 
sulphydric acid with precipitation of sulphur AccordinJt^ It decom P OBe 
fore, oxygen in combination with hmmoSobin 

ozone. The oxygen, however which £ n j ^ ^ ^ n ^hich is called 
stream of other gases, mne of tt Z of e hl °° d h ? ** **«**%« * * 
deprived of its oxygen by carbonic oxide still ° f ° 8 .° ne ’ * n . d lj!oo,i entirely 
reaction, however erases to be mSd wl? it the reaction with guaiacum; this 

exdusiouofatrao^S^ 

T . Place of Oxidation . 

W«xl‘“ destimafLko plte d k ihe* idati ? ns *> r the oxygen of the 
On the one hand, we know that muscularMiT DrohaM “in both, 

respiro, ns it is said f that is tn rK aad> P^ably, all other tissues continue to 

totally deprived of blood; 'and actions SfklWe P ™ iUCe carboni,! “id), even when 

various physical mid chemical r»h « t / K r fP»™tion " is affected by 

finds that, after removal from «5 ? i j 5 t 5 >0 (Arch. Anafc. Phys. 1868 d, 345> 

(both loose and fixed) and loses oxveenb^t 8 p kded f !° m air gains in carbonic acid 
Nawrocki also arrives at the sameZ'sSlt tl Tf T *J "* °P/V° objections. 
(Hohins Jour. ii, 302 ) fi nt i t u.,x thn ® ulfc WP- ***•); Es tor and Saintpierr© 
carbonic oxide method) diminishes the iHS? 11 aTtGnal **lood (determined by the 
Thus for 100 vela, they found in the f the arta, 7 18 «tnate from the lungs 
«p mie U S8 i„ the eSj 62 T? 21 '° 8 ' ‘V* ™ al 1S ™' SX 

ration take placo exclusively in the blZ S The f “ r e u f> that oxidations of respi- 
Yet the capability of the blrod for tfdishg Z It “‘S* “ tll8 ? rt « rial W 
into it seems very limited. ‘ Rising oxidisable aubatancos directly injected 

1 , Volume. The ! Qlldli f iet °f E*pir«l Air. 

than that taken in by a corrcsr^n din an tt Pu»tian is found to be less ** 
at the same tomperaturc, t£ s;it. "® plra j“ n ’ wben noth an dried and measured 
oxygen absorbed &» not rropp^r t0 ** x that «*e whol”“ 

b« said to amount ou the ave^ « viable, butm^ 
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2. Temperature.— The temperature of expired air naturally approaches that of 
the lungs, the exact degree depending on the relation of the temperature of the 
atmosphere to that of the blood, on the mode and rate of breathing, the extent and 

. duration of the breath, &c. According to Valentin and Brunner it is 29*8° for a 
surrounding temperature of 6*3°, 3 7 '25° for 19*5°, 381° for 41*9°. For 22° r Orphan t 
(Robin’s Journal, i. p. 523) puts it at 35*3° when inspiration is made through the nose 
33 9° when through the mouth. * 

3. Moisture.— The air as it returns from the lungs is laden with watery vapour; 

saturated, for it* own temperature, according to Valentin, not much more than half 
saturated according to others (M o 1 e 8 c h o 1 1). Ordhant statfes that it is saturated for 
35°. E. Smith (Phil. Trans. 1852) found it during fasting to be little more than half 
saturated. The total quantity of water contained in the air expired by the human 
body during 24 hours has been estimated at 885—773 grms. (Valentin), 657 
grms. Grehant. The total quantity of water passing •ajray within the 24 hours 
from the human body, as aqueous vapour of expired air, v&ifes greatly, being affected 
by the temperature of the atmosphere and of the body^y ^tgibsphtiric humidity 
and pressure, condition of the organism, &c. ' M- 

4. Oxygen and carbonic acid.— The decrease of thedlsygen and the increase of 
the carbonic acid is shown by the following average composition of 100 volumes of— 

Oxygen. Nitrogen. Carbonic acid. 

Atmospheric air 20*81 79 15 *04 

Expired air 16 033 79*557 4 380. 

In rough numbers, air may be said to lose from 4 to 5 per cenjj, of its oxygen and to 
gain from 3 to 4 per cent, of carbonic acid by being breathed. 'For further details see 
below. 

5. Nitrogen. — W. Edwards found an exhalation of nitrogen in warm weather, 
an absorption in cold. Rcgnault and Ileiset (Ann. Ch. Phys. 1849, [3], xxvL 
32) concluded from their experiments that warm-blooded animals, living on an ordi- 
nary diet, constantly exhaled a small quantity of nitrogen, which was never greater 
and often much less than ^ of the total weight of oxygen consumed. In frogs, the 
amount either exhaled or absorbed was too small to be appreciated. In fishes Hum- 
boldt and Provencal remarked a constant absorntion of nitrogen. An exhalation 
of nitrogen is constantly observed in animals breathing an atmosphere free 
from that gas, and W. JVtiiller (op. cit.) observed an exhalation of nitrogen 
when>abbits were made to breathe a limited amount of air. More recently Reiset 
(Ann. Ch, Phys. [3] lxix. p. 129) found that sheep exhaled from 5—8 grms., 
calves from 6— 7 grms., pigs about 1 grm., and turkeys 2 grms. in the 24 hours. In 
these experiments, as in the earlier ones of Rcgnault and Reiset, tho respiration of 
the whole animal and not of the lungs only was studied, and it is possible that some 
of the animals parted, during their stay in the respiratory chamber, with some of the 
nitrogen contained in their intestines before the beginning of the experiment. The 
calculations of Boussingault and Barral led them to think that a very large 
amount of nitrogen passed from the body through the skins and lun^s, but such a 
conclusion is most probably erroneous (see Nuthition). Pettenkofor indeed argues 
that Reiset’ s results are wholly mistakes, and that the amount of nitrogen exhaled 
or absorbed by the lungs is too small to bo appreciated. 

6. Ammonia. — The presence of ammonia in the breath has been affirmed by 
many observers. Thiry (Zeitschr. Rat. Med. xvii. p. 166) has shown that it can be 
detected in expired air taken directly from the trachea (so as to exclude the fluids of the 
ir outh as a possible source) when the inspired air had been carefully freed from it. 
Rcgnault and Reiset failed to assure themselves of its presence in expired air. 
Grouven (Futterungs-Versuche, p. 232) has obtained the following quantities (in 
grms.), the mean being about *1 grm. in the 24 hours for 100 kilos, of body-weight, 
when animals were placed in a “ respiration chamber:” 

Man. Boy. Fat Ox. Starved Ox. Ait, Dog. Fig. 

Per diem *0488 -0343 7218 0958 *2514 *0398 *2026 

^pCTdiei"*'} 067 0910 * 1146 * 0198 ' * 1344 * 1826 * 1842 

Young animals give out proportionally more ammonia than old, small more than 
large, fat more than lean. 

Lossen (Zeitschrf. Biol i. 207) places the quantity for man in 24 hours at *0140 
grm. 

7. Hydrogen and Marsh-gas. — These gases were observed by Rcgnault and 
Reiset, by Reiset, and by Pettenkofer, in the air of the respiration chamber. They 
probably came from the intestines. (See p. 92.) 
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8 Other b ub stances. — Besides the above- described chief ingredientg of expired 
air it is probable that there are also minute quantities of perhaps many other belies, 
and there are many reasons for thinking that these minute quantities are not without 
imnortance. (See p. 90, on the effects of impure air). Their exact, nature is at present 
unknown. Wie derhold (flenleu. Meissner Bericht 1858, p. 316) states that ^e had 
detected in the condensed vapour of expired tur, chloride of sodium , uric acid, and 
urates of soda and ammonia ! The fluid obtained by condensing the vapours of expira- 


U °C™anmu, ^spiration.-ln man and the higher animals ft slight interchange 
between the gases of tho blood and the atmosphere takes place through tho skin. 
There is an exhalation of carbonic acid, and probably an absorption of oxygen. The 
following table is by Scharling (from Gorup-Besanez):— 





Body- weight 

By lung and skin 

By skin'in 




In kilos. 

in 1 hour. 

1 hour. 

Boy 

9 \ years 

. 220 

20*338 

0181 

Youth 

16 


. 5775 

34*280 

0*181 

Man 

28 

n 

. 82* 

36*623 

0*373 

Girl' 

10 

it 

. 23 

19*162 

0*124 

Woman 

19 

a 

. . . 

• • 

0*272 


When Regnault and Iieiset examined the products of cutaneous respiration by 
placing an animal in a bag with the head free, and passing a current of air through the 
bag, they obtained the following results : — 





Duration 

Total quantity of carbonic acid in 
grms. during time of exp. 



Weight. 

of exp. 

By skin only. 

By skin and lungs. 

Fowl . 


. 1940 grms. 

8h. 40m. 

*336 

18*62 

n * 


• it 

7h. 30m. 

*076 

16 13 

a • 


• *i 

8h. 45m. 

•164 

18*70 

Babbit 


. 2426 „ 

8h. 16m. 

*358 

20*63 

it 


• H 

7h. 45m. 

*197 

19*38 

Bog . 


. 4159 „ 

7h. 50m. 

*136 

39*15 

»» • 


• ii 

8h. 30m. 

*176 

42*50 


When the animal (with head free) was placed in a closed bag for some hours, an 
examination- of the air of the bag at the end of the experiment gave the following 
results: — 


Length of time. In 100 volt, of air of bag. 

CO* O. N. 


Fowl as above 

. 8h. 

•27 

20*76 

78*97 

Kabbit „ 

. 8h. 

•36 

20*55 

79*09 

Dog II 

. 8h. 10m. 

•29 

20*67 

79*04 


Among tho lowor animals the skin takes a much larger share in the general respira- 
tion. Thus frogs, which uninjured were consuming oxygen at the rate of *063 (bis) 
*089, *103, *05 grms. per kilo, per hour, continued to consume at the rate *047, *063, 
after their lungs had been cut away ; that is to say, they respired nearly as well without 
tlieir lungs as with them. 

Intestinal Respiration . — Planer (Wien. Akad. Ber. xlii. p. 307) found the intestinal 
gases of a dog (killed a few hours after food) to have the following percentage compo- 
sition : — 


Fed on Meat. 


C. 

N. 

O. 

H. 

SH 9 . 

Gas of Stomach . 

. 25*20 

68*68 

6*12 



*» 

u Small Intestine 

. 40*1 

45*52 

trace ? 

13*86 


ii 

» Largo Intestine 

. 74*19 

23*0 

0*63 

1*41 

*77 

Fed on Pulse 

„ Stomach . 

. 32*91 

66*30 

•79 

iv 

i, Small Intestine 

. 47*34 

3*97 


48*69 


n 

„ Large Intestine 

. 65*13 

5*9 

. • 

28*97 



Hugo (Wien. Akad. Bcr. xliv, p. 739) found flatus of man, obtained per rectum, to be 
as follows, m 7 experiments on 3 persons : — 


Carbonic acid . 14*94 

Nitrogen . . 45*31 

Marsh-gas . 39*75 

Hydrogen . ... 


. A. 


4051 

21*86 

12*77 

17*50 

44*42 

43*10 

19*77 

3293 

44*13 

22*2*2 

0-79 

• • 



B. 

C. 

21*59 

6412 

11*87 

41*82 

22*45 

40*69 

17*62 

8*67 

47*44 

19*07 

14*76 



with traces only, and that not 


always, of sulphuretted hydrogen. 
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The nitrogen dn these cases was probably due to air which had been Bwallowfd, anil 
which had lost its oxygen chiefly within the stomach. ’ The intestines are probably the 
source of the marsh-gas and hydrogen met with when the respiration of the whole body 
has been examined. Reiset (op, cit.') found in sheep and calves as much as 1 to 2 
litres of marsh-gas exhaled per hour, while pigs gave only -134, -097 litres of marsh- 
gas, and -628 litres hydrogen per hour. 

It may seem extravagant to speak thus of an intestinal respiration, yet in some 
animals this is really an important function. Thus the loach ( Cobitis fossilis) is in the 
habit of rising to the surface of water, where it swallows air. In descending it emits 
from the vent bubbles of gas, which when examined are found to contain only from 12 
to 7 per cent, of oxygen, and from 1 to 2 per cent, of carbonic acid. During this process 
of atmospheric deglutition, the gills are temporarily inactive. It appears that this 
creature thus obtains a supply of oxygen , which being absorbed from the intestine is 
consumed by the tissues, the carbonic acid resulting being exhaled chiefly by the gills 
or skin, and only to a small extent by the vent. (Baumert, An. Oh. Pharm. lxzxiii. 

p. 1.) 

Air-bladder of Fishes . — Many fishes possess an air-bladder (either with or without a 
pneumatic duct), the contents of which consist of nitrogen, a very small quantity of 
oxygen in the case of freshwater fishes, a larger quantity in sea-fishes, especially in 
those dwelling at great depths, and a trace of carbonre acid (Owen). Moreau 
(Compt. rend. 1863, pp. 37, 816) finds in the air-bladder of the perch 19 — 25 percent, 
of oxygen, of the tench 8 per cent., wholly disappearing when the fish is asphyxiated. 
The amount of carbonic acid never exceeds 3 per cent. When the air-bladder of a 
fish possessing a pneumatic duct is exhausted by means of the air-pump, and the animal 
is replaced in wuter, the quantity of oxygen in the air-bladder is found in a short time 
to be very much increased, probably by diffusion from the blood. The percentage 
may temporarily reach 60 or even 87. 

■ Eggs . — The respiration of hens’ eggs has been studied by Baumgartner (Henle u. 
Meissner, 1861, p. 304). The following table gives in grins, the changes of 24 hours 
on several days of incubation of a single egg (initial weight about 56 grms.): — 


Day. 

Loss of weight. 

CO* exhaled. 

O absorbed. 

Water exhaled. 

1st 

•125 

*009 

•0074 

•123 

5th 

232 

*016 

0149 

*230 

10th 

•100 

•050 

•0325 

•082 

15th 

.134 

•290 

•2355 

•079 

20th 

*212 

*56 

*4435 

•095 

2 1st (hatched) 

1*008 

*7317 



Variations in the Quantity of Carbonic Acid exhaled. 

1. Dependent on the mode of breathing. 

In a single breath the air at the beginning of an expiration is poorer in carbonic 
acid than towards the close; this difference disappears when,- after completion of an 
inspiration, the breath is held for 40 seconds before commencing the expiration. 

Inspiration having been made, the longer the breath is held before beginning the 
expiration, the greater is the percentage of carbonic acid in the expired air. Thus, 
with an inspiration of 4560 cc. and with pauses between inspiration and expiration of 
0, 20, 40, 60, 80, 100 seconds respectively, the percentage of carbonic acid was found 
by Bocher to be 3*6, 5*6, 6*3, 7*2, 7*3, 7’5. The increase of carbonic acid diminishes 
rapidly with the duration of the pause; and 7 6 or 8 per cent, may bo taken as the 
limit of the amount of carbonic acid present in tho deeper layers of the air in the 
lungs. 

During a given time, and for the same rate of breathing, the deeper the breath, the 
less i» the percentage of carbonic acid in the expired air, but the greater the total quan- 
tity exhaled. 

For a constant depth of breath, the quicker the rate of breathing, the less is the 
percentage, but the greater the total quantity of carbonic acid exhaled. 

2. Dependent on extrinsic conditi ons. 

Temperature . — With cold-blooded animals (frogs), /the quantity of carbonic acid ex- 
haled varies directly as the temperature (Moles c ho tt, Untersuch. ii. 316).* The same 
law holds good with mammalia passing in or out of the state of hybernation. With 
warm-blooded creatures in general, the amount of carbonic acid varies inversely as the 
temperature, when the latter is neither too low nor too high to injure the economy 
(Letellier VierordtV Tho observations of E. Smith (PhiL Trans. 1859), on the 
influence of temperature as manifested in the effects of seasons, while leading to the 
same conclusion, show “ that there is no absolute relation between a given temperature 
and the quantity of carbonic acid exhaled.” 
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Prewwrt . — The influence of pressure has not been exactly determined. According 
to Hervier and St. Lager, the quantity of carbonic acid increases with the atmo- 
spheric pressure up to 773 Dim.) beyond which it decreases. E. Smith observed an 
inverse relation between pressure and carbonic acid, which however was very general 
only, and subject to marked exceptions. _ t 

Light. — Progs cxhalo more carbonic acid in a strong than m a weak light. 
(Moleschott.) . . 

Humidity of the atmosphere increases the quantity of carbonic acid. (Lehmann.) 

Seasons. — E. Smith observed that the amount of carbonic acid expired began to 
decline in early June and continued to do so till September. In October the amount 
began to rise, and continued to do so wirh moro or less uniformity during the winter 
months. Spring is the season of the greatest and autumn that of the least activity 
of the respiratory functions. The influence of seasonal changes is one that cannot 
be explained solely by reference to changes in temperature and barometric pressure. 

Changes in the nature of inspired air. — When the amount ofcarbonicacidin the 
inspired air is increased beyond that proper to the atmosphere, the quantity of carbonic - 
acid exhaled is proportionately decreased. W. Mill lor found that when rabbits were 
made to breathe a limited amount (150 — 250 cc.) of oxygen they consumed the whole 
of tho gas. At first they took in the oxygen and gave out carbonic acid; but through 
the diminution of the volume of the gas at their disposal, caused by the consumption 
of oxygen, the tension of the carbonic acid that had been expired became so much in- 
creased as after a while to exceed the tension of the carbonic acid in the blood. Hence 
not only the exhalation of carbonic acid ceased, but that which had been expired was 
reabsorbed. When the amount of oxy g e n in the inspired air is increased beyond that 
proper to the atmosphere, no appreciable increase can be observed in the amount of 
carbonic acid exhaled (Itegnault and Reiset). When hydrogen is substituted 
for nitrogen in the inspired air no essential change in respiration takes place. 

3. Dependent on i n t r i n s i c c o n di t i o n s. 

Food : A b s t i n e n e e, II u n g e r. — All observers agree in stating that during starva- 
tion the amount <»f carbonic acid falls. In Biddor and Schmidt's experiments on 
a cat, which endured 18 days’ deprivation of food, the amount per diem, except 
during the first and last days, was remarkably constant for each kilo, of body-weight 
(though for the whole body it gradually lessened from day to day). (See Nutrition.) 
E. Smith found, during a 24 hours’ fast, the carbonic acid diminished about 25 per 
cent (7 grains per minute instead of 9' 77 grains). The minimum was arrived at within 
4| hours after the last meal, and from that point onward there was no marked decrease ; 
thus indicating the existence of a tolerably uniform "normal” or “basal” line, below 
which the system does not pass in health. Pettenkofor and Voit found that their 
dog passed (30 kilos, circa), with 1800 grms. meat and 350 grms. fat, 840 4 grms. 
of carbonic acid, but after 10 days’ fasting only 289*4 grms. Ranke, J. ( Tetanus , 
p, 234), weight 70 kilos, circa , determined, by means of Pettenkofer’s apparatus, the 
total quantity of carbonic acid exhaled by himself during 24 hours under the following 
circumstances, to be : 



grms. car 
bonic acid. 

grms. car- 
bon. 

Starving ....... 

662-9 

180-8 

do 

663 5 

180*9 

Pure meat diet (1832 grms.) . . . , 

847*5 

231*2 

i 100 grms. fat ) 



A diet of i 300 „ starch f 

735*2 

200*5 

(.100 „ sugar J 



Ordinary mixed diet 

791*1 

215*7 

Mixed diet, hs much as possible eaten 

A diet in which tho nitrogen of ingesta, and 

925*6 

252*4 

egesta were in equilibrium .... 

759*5 

207 


Meals. — An increase in the production of carbonic add begins directly after a meal , 
and progresses to a maximum, after which the amount gradually declines to the basal 
minimum.. The maximum was observed in from one to two hours after a meal, and 
was greatest after breakfast and tea (with a midday dinner). On a day of fasting a 
slight rise was observed about the times when the influence of meals, if taken, would 
have been felt, (E. Smith.) , * 

Kinds of food. — E. Smith, taking the minimum quantity exhaled when fasting in 
the early morning, has investigated the effects of various articles of food. He finds that 
the exhalation of carbonic acid is increased by the following M excito-respirstory ” articles, 
which are here placed in a series of decreasing intensity of effect: — Tea, sugars (cane- 
sugar, milk-sugar, grape-sugar), coffee, rum, mUk, cocoa, stout, ale, chicory, casein, gluten, 
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gelatin, ribumin. Compound aliments containing several of these substances have an 
action greater than that of any of their constituents. In most of these instances, the 
increase in the evolution of carbon was greater than could be accounted for by the 
amount of carbon contained in the article, ex. tea; in others less, ex. sugar. The effect 
was evident within a few minutes of partaking of the food, and was not investigated for 
periods of longer than two hours. Other substances do not increase the carbonic acid, 
are non-excito-respiratory, ex. starch, fat, brandy, whisky, gin, and the volatile elements 
of wine, spirits, <&c. The influence of water does not seem to have been studied. 
These observations upply to the, so to speak, superficial effects of the various kinds of 
food ; the ulterior effects of diet will be discussed below. 

Sleep. — During sleep the amount of carbonic acid is lessened. In man, the quantity 
expired per minute when asleep is to the quantity when awake as 1 : 1*84 (E. Smith). 
During the condition known as hybernation, the diminution in tho quantity of carbonic 
acid exhaled is exceedingly marked. Thus a hedgehog, which when awake gave 1*352 
grras. of carbonic acid per hour, produced when in complete torpor no more than *066 
per hour, and a marmot 1*076 and 0144 respectively. (Valentin.) 

Exercise. — The quantity is very largely increased, according to all observers. 
E. Smith, whose average during the day was 9*77 grains per minute, exhaled 5* 94 
grains per minute, when lying down but not asleep; 18*1 when walking at the rate 
of 2 miles an hour ; 26*83 at 3 miles an hour ; and 43*36 anil 42*9 on two occasions when 
working the tread wheel. 

Sex. — Men produce a larger quantity of carbonic acid than women. 

Age. — The quantity of carbonic acid exhaled by children is absolutely less than that 
given out by adults, but compared with the body-weight is greater, as is shown in the 
following table from Lehmann (Lekrb. iii. 320) : — 

Carbonic acid per 
Carbonic acid hour per k llo. of 

Subject. Age. nody- weight. per hour. body- weight. 

Boy. . . 9jyrs. 22*00 kil. 20*338 grm. -9246 grm. 

Girl. . . 10 „ 23 00 „ 19162 „ *8831 „ 

Youth . . 16 „ 67*75 „ 34*280 „ *6887 „ 

Young woman . 17 „ 66*75 „ 25*342 „ *4646 „ 

Soldier . . 28 „ 82 00 „ ’.6 632 „ *4466 „ 

Man . . 36 „ 65*5 „ 33*530 „ *6119 „ 

The same applies to animals. 

According to And ral and Gavarr et, the quantity produced daily by the male sex 
goes oil increasing, with a sudden rise at puberty, up to about 30 years, remains tolerably 
stationary until between 40 and 50 years, after which it diminishes, especially beyond 
60. In the female sox the amount increases up to puberty, then remains stationary, 
with temporary increase during pregnancy, until the climacteric, after which it rises 
up to 60 years and then finally fulls. 

Consumption of Oxygen. 

The whole of tho oxygen absorbed by the blood from the inspired air does not 
always reappear in tho carbonic acid of the expiration ; in general the amount of 
oxygen consumed during a given interval is greater than the amount of oxygen 
contained in the carbonic acid expired during the same time. Tho difference is 
not a constant one, but varies according to the nature of the food taken, &c. ; it is 
least marked in herbivora living on their ordinary diet, or in animals fed largely on 
carbohydrates, and most marked in carnivora or in animals fed largely on a meat diet. 
Regnault and Reiset found in the carbonic acid oxhaled by rabbits fed on 
carrots, &c., 91*7 per cent, of the oxygen consumed ; in dogs fed on meat, 74*6 per 
cent. ; in fowls fed on grain, 92*7 per cent. ; in dogs fod on bread, 91*3 and 94*3 per 
cent. ; in fowls fed on meat, 76*7 and 63*6 per cent. ; in ducks fed on bread and grain 
89*2 per cent., on meat 73*8, on fat 62*3. They also found that herbivore when 
starving gave the proportion of carnivora, that is, they fed on their own flesh. 
Thus, rabbits starving afforded 69 per cent., ducks starving 69*3 per cent., and fowls 
70*7 and 63*9 per cent-. The observations of Pette,.nkofer (Ann. Ch. PL arm. 1863, 
SuppL ii.) on the respiration of the dog led to some very remarkable results. After 
16 days' meat diet, 63*7 per cent, of the oxygen consumed reappeared in the carbonic 
acid expired. During a hunger period of 10 days immediately following, the percent- 
age was on an average 63 * 6 . The dog was then fed for 7 days on meat, at the end of 
which the oxygen in the carbonic acid expired almost exactly equalled the total 
quantity consumed. After 8 days’ rations of 100 grins, fat only, the result was still the 
swift. The animal being then put off a rich meat diet, on the 4th day, the oxygen in 
th«* carbonic acid exceeded that consumed by 17 gnus.; on the following days. 
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aifit and excretion of urea remaining the same, the consumptipnof oxygen 
however, the die 0Q tte j3 t h day the oxygen m the carbonic add had 

had nercentage of 65*1. The animal then being fed on 600 grins, of meat 

andfoo CTms d tot P of star^i and then of sugar, the relations of carbonic acid expired 
£a oxygenconsumed became so changed that at last the carbonic acid contamed 160 (i„ 
r 6 eco/d trial 125) parts of oxygen for every 100 parts of oxygen consumed. These 
remarkable variations serve, on the one hand, to illustrate the character of the change, 
min* on in the body under the influence of different kinds of food; on the other hand, 
the Ireat excess of carbonic acid, coinciding with the appearance of 7 2 grins, of 
hvdroeen and 6 3 grms. of marsh-gas, indicates that the carbonic acid was not wholly 
due to combustion of the tissues or plasma, but perhaps arose id part from fermentation 
of the food within the alimentary canal (see Nutbition). Hence the consumption of 
oxvcen and not the production of carbonic acid must be taken as a measure of the 
activity of the vital processes. The following table allows m grammes the amount of 
oxygetf consumed per hour per kilo, of body-weight by members of the various kinds 
of animals. It will be seen that small creatures consume more than larger ones for 
the same amount of body-weight : — 

The amount in grammes of oxygen consumed per hour per Mo , . of body-weight. 

I „ , ,n i a 1 r» m t 


Sheep 

Calves 

Pigs 

Dogs 


(Reiset) 


(Reg nault? 
and Reiset)f 
Babbits „ 

|f (Valentin) 

Marmotsrawake (Regnault! 

and K e i s e t) { 
,, torpid „ 

„ awake (Valentin) 

„ light sleep „ 

„ quite torpid „ 

Hedgehog: awake ,, 

„ torpid „ 


•497 

| Fowls (Regnault and Reiset) 

1*147 

•4S0 

Bucks 


1*850 ' 

•4 66 

Small Birds 


11-473 

1-183 

Geese 

(Reiset) 

■677 

•918 

Turkeys 

»> 

.702 . 

1714 




1-198 


• 


-040 

Frogs (Regnault and Reiset) 

•084 

■973 

Lizards 

H 

•1916 

•144 

Silkworm 

» 

1*170 

•0238 

Earthworm 

ii 

•1013 

1-376 




075 





A curious observation was made by Regnault and Reiset on the consumption of 
oxygen by the marmot. These animals when wide awake give in their carbonic acid a 
percentage of oxygon consumed 76 9, when half asleep 54*7, when completely dormant 
39*9. This remarkable deficiency explains how it is that these animals may, while in a 
dormant state, provided that they do not pass urine, actually increase in weight from 
formation and retention of water. 

Breathing Impure Air . — When an animal is suddenly cut off from its usual supply 
of air, as by closure of the windpipe, by immersion in water, or by being plunged into 
some irrcspirable (but otherwise innocuous) gas, such as nitrogen or hydrogen, the 
breathing is at first hurried and laboured, but after a while becomes slow and weak ; 
conciousness is lost, convulsions take place, and death by suffocation or asphyxia is the 
result. In such cases, the air remaining in the longs contains a trace only of oxygen 
with a great excess of carbonic acid, the blood both in the arteries and veins is of a 
dark colour, holding scarcely any oxygen but a very large quantity of carbonic acid. 
It is not yet clear how far the phenomena belonging to tliis particular mode of death 
are due to the absence of oxygen, or to the increase in carbonic acid, or to both of these 
causes combined. Some observers witnessed no convulsions or dyspnoea, but only a 
kind of narcotic poisoning, when animals were made to breathe oxygen containing a 
great excess of carbonic acid ; whereas when they were made to breathe air diluted 
with nitrogen, dyspnoea came on as soon as tho proportion of oxygen fell below 6 per 
cent. These experiments seem to show that the dyspnoea of asphyxia arises from the 
lack of oxygen. But other observers have found dyspnoea and convulsions to follow 
the inhalation of oxygen containing 10 per cent, of carbonic acid, and the opinion that 
carbonic acid is an excitant of muscular and other actions has many supporters. 

Similar results are produced more gradually when an animal is confined in a limited 
space without renewal of air, and has therefore to breathe the same air over and over 
again. In such cases life is prolonged if the carbonic acid be absorbed by potash as 
soon as it is formed. If at tho death of the animal the air is examined, it is found to 
contain from 5 to 7 per cent, of oxygen nnd from 10 to 12 per cent, of carbonic acid 
(.Bernard). These figures may be taken to represent the limit, in either direction, at 
ftl * cwu, . e * to be respirable. When animals or human beings remain for any 
length of time m ill-ventilated crowded rooms, the resulting impurity of air produces 
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symptoms ot discomfort tnd stiffening, and-may, as in some well-known instances W 
to fatal results. These minor ill -effects are in part due to lack ofoxygen and increase 
of carbonic acid, but it is highly probable that they are chiefly owing to the exhalation 
of various (unknown) substances from the skin and lungs. According to Pet ten ko- 
fer it is possible to breathe an atmosphere containing 1 per cent, of pure carbonic 
acid for a length of time without any injurious results following, or indeed any discom- 
fort being felt. But 1 per cent, of carbonic acid may be fairly taken as a limit of the 
impurity of air due to bad ventilation, and respired air containing a much smaller 
quantity is found to be unbearable. The effects, moreover, which have been described 
as resulting from the inhalation of small quantities of carbonic acid (Smith) are 
distinct from those resulting from ordinary iifipure air. The latter, too, may ho imi- 
tated by breathing respired air freed from its carbonic acid, and containing therefore 
the other impurities only ; by experimenting on animals, fatal results may be pro- 
duced. At the same time the carbonic acid may be taken as an indirect measure of 
the impurity of respired air, and accordingly air which by respiration has acquired 
more than 08 per cent, of carbonic acid should be considered as unfit for further 
respiration. M. F. 

RETESTS. — A hydrocarbon polymeric with benzene, discovered in 1837 

by Fikentscher and Trommsdorff, and examined chiefly by Fritzs c h e (J. pr. 
Chem. Ixxv. 281 ; Jahresb. 1860, p. 475; Gm. xviii. 8). It occurs in thin unctuous 
scales on fossil pine-stems, in beds of peat and lignite in Denmark and other localities, 
and together with fichtelite on the Fichtelgebirge, and at IJtziiach in the Canton of St. 
Gall, It is produced also bv the dry distillation of very resinous pine and fir-wood, 
passing over together with the heavy tar-oiJ, and separating in scales like paraffin 
(Kraus b, Aim. Ch. Fharin. cvi. 391). By submitting colophony to dry distillation, 
and passing the vapour through a red-hot tube, Fritzsche obtained several hydrocarbons, 
forming compounds with picric acid, amongst them probably retene. ltd isle rent, or 
Metanaphthalene (p. 98), which is obtained in a similar maimer by Pell e tier and 
Walter (Ann. Ch.Phys. [2] Ixvii. 296), is perhaps impure relene. (Fritzsche.) 

Preparation; From fossil wood.— The comminuted wood iu exhausted by boiling 
with alcohol ; the greater part of the alcohol is then distilled off; and the remainder 
of the decoction is evaporated to dryness, nnd treated with sulphide of carbon, which 
dissolves retene and other substances, leaving a red-brown acid resin. On removing 
the sulphide of carbon by distillation, and dissolving the residue, together with picric 
acid, in benzene, a compound of reteno with picric acid and benzene separates out in 
yellow needles on cooling. These are pressed and recrystalliscd from alcohol, with 
addition of excess of picric acid, the compound of reteno and picric acid is decomposed 
by ammonia, and the separated retene is recrystallised from alcohol. (Fritzsche.) 

Itetene forms soft shining unctuous lamina 1 , inodorous, tasteless, sinking in cold but 
floating in boiling water (Fritzsche). It melts at 98 — 99° (F eh ling, Ann. Ch. 
Pharm. cvi. 388). According to Fritzsche, melted retene solidifies at 90°, the tem- 
perature rising to 95°. . It evaporates gradually in the air and over the water-bath, 
and when melted gives off white clouds, which condense to a woolly sublimate (Krauss, 
Ann. Ch. Pharm. xxviii. 34&). It boils at about the boiling-point of mercury, and 
distils almost unchanged (Fritzsche, Fehling). It is insoluble in water, dissolves 
slowly in cold, much more readily in boiling alcohol , easily in warm ether, and in oils, 
both fixed and volatile . 

Betene burns with a bright but smoky flame. It is converted into resinous products 
by treatment with chromic acid , with hydrochloric acid and chlorate of potassium, and 
with strong nitric acid. With more dilute nitric acid, it also forms crystalline products. 
(Fehling.) 

By prolonged contact with strong sulphuric acid , retene is converted into retene* 
disulphuric or disulphoretic acid, C l# H 18 S*0 - , which crystallises in a solid 
mass and forms a soluble barium-salt , C ll H l6 Ba"S*O fl , crystallising in needles. The 
lead-salt, C ,l H , fPb' , SH) < , dissolves slightly in cold, easily in boiling water, and separates 
therefrom in white flocks. 

A solution of retene in moderately dilute sulphuric acid deposits on standing, crystals 
containing C“H ,8 S*0‘.5H*S0\ 

Betene heated with strong sulphuric acid is converted into the compound C ,, H a# SO\ 
called by Fritzsche sulp horeten e, which separates from boiling water in thin laminin, 
from alcohol as a sandy powder or in crusts ; is decomposed by neat and forms a cry a* 
talline compound with hydrochloric, oxalic, and picric acids. 

Betene with Picric acid.— A solution of 1 pt. retene and 3 pte. picric add, in ho^ 
alcohol or ether, deposits on cooling, delicate woolly orange-yellow needles of the com- 
pound C 18 H IB .C*H»(N0*)*0, which Is partially decomposed by alcohol of 30 per cent » 
completely by mm dilute alcohol, into picric acid and retene. 
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A mixture of retene and picric acid dissolved in liot benzene , deposits on cooling 
needles of the compound C Ifl H 8 .C 8 II a .C B H 3 (N0 2 ) 8 0, which on exposure to the air 
becomes opaque, ana gives off the whole of the benzene. (Fritz sche.) 

RSTBN’B-SVBPHVRXC ACID. Sec the last article. 

RBTXNA&XTB. A green translucent variety of serpentine from Canada, having 
a resinous aspect. (See Serpentine.) 

RBTXJNT APHTHA. Syn. with toluene or hydride of benzyl (i. 573). 

RETINABPHALT. A fossil resin of yellow-brown colour, earthy aspect, rarely 
dense and shining ; of specific gravity 1*07 to 1*35; fusible, burns with a white flame, 
and aromatic odour. Jtetinasphalfc from the lignite of Bovey in Devonshire, where it 
was first observed, contains, according to Hatch etfc (Phil. Trans. 1804, p. 404), 65 per 
cent, resin soluble in alcohol, 42 per cent, insoluble resin ; according to Johnston 
(Phil. Trans. 1840, p. 347), 13*23 por cent, mineral constituents, 27*45 resin insoluble in 
alcohol, and 59*23 percent, soluble in alcohol — the latter constituting Johnston’s rftinic 
acid, Kctinasphalt from Halle contains, according toBucholz (Schw. J. i. 290), 91 
per cent, easily soluble rosin, and 9 per cent, insoluble resin, resembling amber ; that 
from Cape Sable, United States, contains 42*5 per cent, easily soluble resin, 56*5 per 
cent, insoluble resin, and 1*5 ferric oxide and alumina. (Troost.) 

XETXNIC ACXD. The portion of retina sph alt from Bovey, which is soluble in 
alcohol (Johnston). It remains, on evaporating the alcoholic solution, as a yellow- 
brown resin, which melts, with loss of weight, at 120°, and gives off gas-bubbles at 
205°. It dissolves abundantly in other, whence it is for tho most part precipitated by 
alcohol, sparingly in alcohol, and is precipitated by water. The alcoholic solution 
gives a slight precipitate with chloride of calcium, more abundant with alcoholic acetate 
of lead. Tho acid contains, at 100°, 75*03 per cent. C, 8*77 If, and 16*20 0: after 
fusion, 77 08 C, 8*70 H, and 14*22 O; tho calcium-salt yielded 10*26 per cent, lime, 
Jim silver-salt 41*78 to 43*58 per cent, silver-oxide. From these results Johnston 
deduced the formula C ,o II a4 0 fl . 

RETXNITE. Walchovite. A fossil resin found in tlio coal-mines of Walchow, in 
Moravia, in rounded lumps, varying in size from that of a pea to that of a man’s head. 
It is brittle, of specific gravity 1*035 to 1*009, has a yellow colour, a conchoidnl 
fracture, and fatty lustre. At 140° it becomes translucent, and elastic without fusing, 
and at 250° melts to a yellow oil. By dry distillation it yields combustible gas, tar, 
ami aqueous formic acid. Alcohol extracts from it 1*6 per cont., and ether 7'5 per 
cent, of resin, both the resins thus obtained being transparent, yellow, and tough. It 
dissolves slightly in sulphide of carbon, arid in boiling rock-oil, but softens in the 
former. Contains 80*40 per cent. C, 10*68 II, and 8 74 O, agreeing approximately 
with the formula C ,0 ll u, 0 3 . (Sch rot ter, Pugg. Ann. lix. 61: sec also Ccrutti, N. 
Bft Arch. xxii. 280.) 

The lignite of the Wilhelm szeeb mine, in the Westervvnld, contains reddish -yellow 
brittle deposits of retinite. Branchitc or sehoercrite likewise changes to a resin, which 
has tho colour and soft, waxy consistence of retinite. (C as » e 1 m an n. ) 

The name retinite is used by Ifammclsberg ( Mineral chan te, p, 966) as a generic 
name for fossil resins containing oxygen. 

RHTXIV'OX.XS and RETXNYXr. Hydrocarbons obtained in the rectification of the 
products of the dry distillation of tnrpcntino- -resins (Pelletier and Walter, Ann. 
Ch. Phys. [2] lxvii. 269). See Turpentine. 

E8TXSTER1NE. Mttannphihahne. A solid hydrocarbon, probably identical 
with roteno, obtained by the distillation of resins, and passing over with the last 
portions of the distillate. (Pelletier and Walter, Aim. Ch. Phys. [2] lxxii. 
296.) 

SETOftTi This name was originally applied to the well-known vessel, consisting 
of a bulb and inclined neck, used for distillation; but it is now, especially in technologi- 
cal language, applied to distillatory vessels of other shapes— for example, to the cylin- 
ders of iron or earthenware used for tho distillation of coal, &c. 

BHTZBAirrXTH. A massive grey mineral from Rotzbanya, in Hungary, of 
specific gravity 6*21. It is mixed With oxidised products, and gives by analysis 7*14 
percent, oxygen, 11*93 sulphur, 38*38 bismuth, 36*01 lead, 4*22 copper, and 1*93 
silver. (Hermann, J. pr. Chem. Ixxv. 450.) 

XtETlXTE. Syn. with FiDET.FORsrrB (ii. 361). 

XEVSSinr. A salt occurring as an efflorescence at Saidschitz, in Bohemia, and 
consisting of a mixture of the sulphates of sodium, calcium, and magnesium/with 
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chloride of magnesium [and water], hut varying in composition according to the locality 
and the season of the year. (Reuse, Crell. Ann. 1791, ii. 18.) 

RBAMVBTHr. C ,, H ,p OV (Gellatly, N. Edinb. Phil. J. yii. 256.) — A palo- 
yellow crystalline substance, formed, together with glucose, by boiling xanthorhanmin 
with dilute sulphuric or hydrochloric acid : 

C M H 2 *0 14 + 3H*D = C n H ra 0 5 + 2C a H ,2 0 fl . 

A similar transformation takes place when Persian berries, which contain xantho- 
rhamnin, are stirred up with cold water, the rhamnetin being deposited from tho filtrate 
as a yellow powder. 

Rhamnetin is nearly insoluble in water, easily soluble in alkali b, and precipitated 
therefrom by acids ; insoluble in alcohol and ether. Hlasiwetz regards it as identical 
with quercetin (p. 4). 

RHAMirar. (Fleury, J. Pharm. xxvii, 226. — Wi nckler, Jahrb. pr. Pharm. 
xxiv. 1. — Binswanger, Repert. Pharm. civ. 54. — Gm. xvi. 80). — A yellow substance 
contained, together with rlmmnocnthartin, in the unripe berries of the buckthorn 
(Rhamnus catharticus). It maybe prepared by pressing the berries to remove tho 
juice, boiling the residue repeatedly with water, setting the decoctions aside to crystal- 
lise, and purified by recrystallisation from boiling alcohol, with aid of animal charcoal. 
It forms rounded groups of pale-yellow granules or, more rarely, tufts of needles. It. is 
decomposed by heat., is nearly or quite insoluble in cold water, swells up in boiling 
water, dissolves sparingly in cold, easily in boiling alcohol, but is insoluble in ether. 
It dissolves easily in alkalis, and is precipitated therefrom by acids ; dissolves with 
saffron-yellow colour in strong hydrochloric or sulphuric acid, and is precipitated by 
water; in hot nitric acid, forming a dark-brown solution, which becomes yellow on 
continued heating, and then leaves on evaporation a crystalline mass, mostly soluble in 
water, together with a bitt er yellow powder, probably picric acid. 

The name rhamnin is applied also by Ortl iob (MuIIiouf. Soc. Bull. xxx. 16) to a 
product obtained from Persian berries. According to his observations, the aqueous 
decoction of the berries, after the colouring-matter has separated from it, contains a 
large quantity of sugar, and after fermentation deposits yellow crystalline grains 
of hydrate of oxy rhamnin, C* 1 H IB 0 11 , isomeric or perhaps identical with euxanthic acid 
(ii. 609), then yellow-green flocks of hydrate of rhamnin , 0 1 ’ , H ,K 0 , ° ; and the mother- 
liquor, if boiled with sulphuric acid, yields flocks of rhm?inin,C i} ll u O s . Those results, 
however, do not agree with those obtained by Kano and by G ellat.ly (p. 100). Sco 
also Xanthoiiiia.u NfN. 

RHAMNOCATHARTIN, Cathartin. (Hubert, J. Chim. mM. vi. 193.— 
Wi nckler, Jahrb. pr. Pharm. xix. 221 ; xxiv. 1. — Binswanger, Report. Pharm. civ. 

54 Gm. xvi. 81.) — The uncrystallisable bitter principle of buckthorn berries. To 

prepare it, the juice of the ripe berries is evaporated to an extract; this extract js 
exhausted with hot alcohol, the tincture evaporated, and the residuo mixed with 
water, which separates yellow-green pulverulent rhamnotannic acid. Tho filtrate, 
shaken up with coarsely-pounded, purified bone-charcoal, as Jong as it retains. any 
bitter taste, yields rhamnocathartin to the charcoal; and on washing this charcoal 
with cold water, drying, treating it with hot alcohol, and evaporating the tincture, the 
rhamnocathartin is left behind. (Binswanger.) 

Rhamnocathartin is a translucent, amorphous, yellowish, brittle mass, which emits A 
peculiar smell when rubbed. It has a bitter and very ropulsive taste, is neutral, ami 
tolerably permanent in the air. When heated, it melts to a yellow oil, turn’s brown, 
gives off inflammable vapours, and leaves combustible charcoal. With nitric acid , it 
yields a large quantity of picric acid (Winckler). It is not decomposed during tho 
fermentation of the juice. (Hubert.) 

It is soluble in all proportions in water (Winckler), insoluble in cold, somewhat 
soluble in boiling water, to which it imparts a very bitter taste, while the remainder 
melts and adheres to the sides of the vessel The hot solution becomes turbid on 
cooling (Binswanger). The aqueous solution is coloured brownish gold-yellow, 
without precipitation, by ammonia , tho fixed alkali^, and basic acetate of lead, and 
becomes colourless again on addition of. acids. It colours ferrie chloride dark-brown* 
green. (Winckler.) 

Rhamnocathartin dissolves in all proportions in <dcohol t but is insoluble in ether. 

UAJmrOTAmne ACZ1>. (Bi nswanger, he. ctf.^Obtained, as above, in 
the preparation of rhamnocalhnrtin, and purified by washing, drying, solution in 
ether, and evaporation.— -It is a neutral, greenish -yellow, amorphous, easily friable 
mass ; tastes bitter and astringent ; melts ahd decomposes when heated; is nearly in- 
soluble in cold water, somewhat soluble in boiling water, and in aqueous ammonia, 

H 2 
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forming a golden-yellow liquid which gradually turns brown. With lime-water and 
potash-ley it formB yellow solutions, which do not change in contact with the air ; the 
former, however, gradually deposits yellow flocks. The aqueous solution, added to. 
neutral or basic acetate of lead, throws down orange-yellow flocks ; it colours ferric 
' Balts olive-green, and then precipitates them. In tartar-emetic it forms, after some 
time, a yellow precipitate ; does not precipitate solution of gelatin. The acid dissolves 
readily in alcohol and ether. 

KHAMXroXAXTTHZAr. A yellow, crystalline, sublimable substance identical 
with Fmngulin , under which name it has already been described (ii, 706). It exists 
in the root, bark, and stem-bark of Rhamnus Frangula (Buchner, Binswanger), 
and according to Phipson (Compt. rend, xlvii. 153), in the bast, and in the vessels of 
the medullary sheath of the branches. Phipson prepares it by macerating the branches 
for three or four days in sulphide of carbon, evaporating the extract to dryness, ex- 
hausting the residue with alcohol, which leaves fat undissolved, again evaporating, and 
recrystallising from ether. 

BHAMNV8. The several species of Rhamnus yield yellow or green colouring- 
matters, which have been examined by different chemists, not always with accordant 
Tesults: — 

1 . Persian or Turkey-berries, the seeds of Rhamnus amygdaXinus , R. decides , R. 
saxatilis, and Avignon-grains, the seeds of R. infectorius, which are employed in 
dyeing for the production of yelLow colours, yield : a. According to Kane (Phil. Mag. 
[3] xxiii. 3), in the unripe state, chrysorhamnin, 960), and when ripe' 

nSuLmJ ,htt -r l 1 "?’ According to Gellatly, xanthorhamnin,' 

C H 0 , with r hamnetin, C H u O a , ns a product of its decomposition. — y. Accord- 
ing to Ortjieb (Mulhous. Soc. Bull. xxx. 16), rhamnin, C a, H ,6 0" hydrate of 
rhamnin, O'H^O 10 , and hydrate of oxyrhamni n, C 2, H l8 0 M . 

,.}■ l ’! irk , of b«ry-tenring alder ( Rhamnus Frangula), and of the buckthorn 
(/?. calkartv,us)y iclds the yellow dye called rhamnoxanthin by Buchner and Bins- 
wangcr, frunguhn by Casselmann. 

3. The terries of R.aatharticm yield the rhamnin of Henry, Winckler, and Bins- 
rrr , also . Bll,a ™p rt rhamnoeathartin, caUcd catliartin by Hubert 

(p. J9). Those terries and the syrup prepared from them possess purgative pro- 

tn'b'erecommended^ 1011 V ‘° ent and dan 6 ct ' ou8 > 80 that «>eir use in medicine is not 

The berries of *nnc species of rhamnus are used for dyeing morocce-leather of a 
yellow colour; others for dyemg wool ; snd the bark of some is employed for striking 
a black with salts of iron. Those of Rhamnus cat/uirticus yield the pigment called 
sap-green, or bladder-green ; and recently M. Chan-in of Lyons has Obtained from 
them a splendid green dye called Vert Venus, Vert-Azof, or Vert-Lumierr identical 

BBAPONTZCZir. Syn. with Chrysofhanic Acid (i. 958). 

RHSADXC ACXD. According to Loo Meier (Repert. Pharm. [31 xli 325) th* 
red colouring- matter of the flowers of the common red poppy (Papaver Rheas) consists 
of two acids called rhea die and papaveric acid, separate byncutraT Ecetltl u 

SHKCO ACID.) „ _ 

KH1DT. j . VD - W1 th Chuysofhanic Aero (i. 9S8). 

MHOMBTBS. Syn. with Galvanometer. (See Electekutt, ii. 443 ) 

r ° gUlatin « aBd meaaur * n S the force of electric 

BBBUM, See Rhubarb (p. 107). 
ftHStrsenr. Syn. with Chrtsophahic Acid (i. 958 ). 

t0 SuIpWjanat< ’ 8 ' on ae “ nn ‘ of the red colour • 

UOBlOSITnr, Syn. with Cgnyolvulin (ii. 15 ) 

xsoDxoiurrxxox.. i 

SIODBORiTZirouo Acn».{ S ? n * Cokvolvtunouo Acid (ii, 15). 

BBODZITM. Atomic Weight, 104; Symbol Rh A m „ fo i v t 

group, discovered by Wollaston in 1804. He found the ^ P latinum 

per cent, and native platinum from another locality has b^n fo^d * contain 0*4 
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muck as 3 per cent, of rhodium. It often occurs in considerable quantitr in T.l..; mi ln 
residues. * * * 

Preparation.— 1. Platinum-ore is dissolved in nitromuriatic acid; the platinum and 
iridium are proci pi toted by sal-ammoniac, and the palladium by cyanide of mercury • 
the liquid is then saturated with carbonate of sodium | hydrocliloric acid is added, to 
decompose the excess of mercuric cyanide ; the liquid is evaporated to dryness; and the 
residue is treated with alcohol The whole then dissolves , excepting the chlororhodinto 
of sodium, which romains as a red-brown powder. Tin's salt, reduced by hydrogen and 
washed with a large quantity of water, yields pure rhodium. 

2. Granular platinum-residue, consisting chiefly of rhodium and iridium, with small 
quantities of osmium and ruthenium, is treated, as described under Iridium (iii. 315, 
No. 4), to separate the other metals ; and the residue insoluble in nitromuriatic acid, 
consisting of rhodium with a small quantity of iridium, is mixod with a large excess of 
common salt, and heated to low redness in a current of dry chlorine, whereby the 
rhodium is converted into chlororhodiate of sodium, which may be dissolved out by 
water and crystallised by evaporation. The metal may then be obtained from it by 
reduction with hydrogen, or by precipitation with zinc: or, better, the concentratod 
solution may first be mixed with sal-ammoniac, which will throw down any iridium 
still remaining, and the filtrate evaporated. It then yields fine prisms of chlororhodiate 
of ammonium, which when calcined leaves pure rhodium. (Frdmy.) 

3. Platinum-residue, precipitated by metallic iron from the mother-liquors from which 
platinum has been extracted (iv. 683), is fused at a bright rod-heat with I pt. lead and 
2 pts. litharge; and the regulus thus obtained, aftor being carefully freed from slag, is 
treated with nitric acid diluted with an equal volume of water. The pulverulent mass 
which remains undissolved is then heated to rednoss with* 5 pts. of barium-peroxide ; 
the ignited mass is treated with water, and then with nitromuriatic add (which elimi- 
nates osmic acid); the barium is precipitated from the solution by Bulphuric acid, 
the quantity required having been previously calcinated; the liquid is heated to 
the boiling-point, and filtered; the filtrate is evaporated to dryness at 100°, with ad- 
dition, first of a little nitric add, then of a large quantity of sal-ammoniac; and the 
solution is washed with a strong solution of sal-ammoniac, which dissolves out all tho 
rhodium. The filtered liquid is then heated with a large excess of nitric add (to de- 
compose the sal-ammoniac), and finally evaporated to dryness in a porcelain crucible; 
and the rhodium-salt thus obtained, after being moistened with sulphide of ammonium, 
is mixed with three or four timos its weight of sulphur, and heated to bright redness 
in the covered porcelain crucible, enclosed for tho purpose in an earthen crucible, the 
space between tho two bdng filled up with powdered charcoal. There then remains a 
regulus of metallic rhodium, which may be purified by continued boiling with nitro- 
rauriatic acid, and then with strong sulphuric acid. To obtain the metal quite pure, it is 
fused at a low red-heat with 3 or 4 pts. of metallic zinc, and tho fused and cooled 
mass is treated with concentrated hydrochloric acid, whieli leaves undissolved a crys- 
talline alloy of tho two metals. This alloy is dissolved in nitromuriatic acid ; tho 
solution is mixed with ammonia, till the precipitate formed at first is rodissolved, then 
boiled and evaporated, whereby a yellow precipitate is formed, consisting of ammonio- 
chloride of rhodium, fiNHMthCl 1 ; and this salt, after being purifiod by recry stall isa- 
tion, is calcined with a small quantity of sulphur, in a graphite crucible, at a very 
strong red-heat. Metallic rhodium then remains, which may he fused in the oxy- 
hydrogen furnace (iv. 313). (Deville and Debray, Ann. Ch. Phys. [3], lvi. 385; 
Jahresb. 1850, p. 238.) 

According to Claus (J. pr. Chem. lxxxv. 129; Jahresb. 1861, p. 327), the above- 
described mothod of disintegration with peroxide of barium does not give good results; 
because the rhodium, though oxidised thereby, is rendered very difficult of solution in 
acids, and indeed will not dissolve at all, unless iridium is also present, to assist the 
solution by contact-action. Claus therefore gives the preference to WohlerV method 
of decomposition, by mixing the substance with chloride of sodium and igniting it in 
chlorine-gas (iii. 314). For the separation of the iridium and rhodium in the eolation 
obtained by treating the resulting mass with water, he recommends that tho trichloride 
of iridium be first converted into tetrachloride by boiling with nitriomuriatic acid, and 
the iridium then separated by fractional prccipitatipn with sal-ammoniac. Tho mode 
of separation by digesting the dried saline residue in sal-ammoniac solution, he regards 
as objectionable; because the rhodium -salt, when once crystallised, dissolves but slowly 
in that liquid, and adheres obstinately to the iridium -salt, so that a very large quan- 
tity of the sal-ammoniac solution is required to dissolve it. 

Properties , — Rhodium is a whitish-grey metal, very hard, much less ductile than 
platinum. It is somewhat more fusible than iridium, but scarcely softens in the flame of 
the oxyhydrogen blowpipe; it may, however, be fused in Deville’ s oxyhydrogen furnace 
(iv. 313). The melted metal absorbs oxygen, and spits as the globule sets. The spe- 
cific gravity of unfused rhodium is 10 64 ; that of the pure metal after fusion is 12*1. 
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ZhCr t d^voIin ni^uriuUc acid, together, with those meto; wheS fused 
^thS or sK however, it does not dissolve. It is readdy oxidased by fusion with 
wits gold 01 si , Uy fus on with sulphate of potassium, it is converted 

mtre, or with peroxide o barmm.^^ ^ ^ ofsodiumi and ignited ^ # 

» of cldtrfncgl. it is converted into chlororhodiate of sodium, which is likewise 

**« itnrH SH OTS or. Rhodium unites with most other metals. Some of 
th“lovs^Talreudy observed, dissolve completely in nitrorrmnatie acid, whereas 
othera yMdto this solvent only the metal alloyed with the rhodium. An alloy of 
rhodium and gold found in Mexico contains from 34 to 43 per cent, rhodium. (Del 

E ()nfpt”'o?rh^fum iL^lpt.rf 7 '^ form an alloy, which has a specific gnvyity of 
9-176 a very flue colour and surface for metallic mirrors, and does not tarnish m the 
air— One pt. rhodium with SO to 100 stool forms a very hard and rathor tough alloy, 
which requires for tempering a heat higher by 39° than common steel, and 17° higher 
than Indian steel. (Faraday and Stodart.), D , „ , 

Rhodium also unites with zinc and tin, forming the crystallised alloys, RhZn and 
RbSn. (Devillc and Pobray.) 

RHODIU M , CHLORIDES OP. A dichloride , RhCl 2 , is said by Fellenberg to be 
obtained by heating the corresponding sulphide, RhS, in chlorine-gas ; but according 
to Chius, there is but one definite compound of rhodium and chlorine — viz., the 
t r i c h 1 or i d e or r li o d i c c h 1 o r i d e, RhCI s . It is obtained in the anhydrous state by 
igniting the pulverised metal in a stream of chlorine, or, more easily, by heating one 
of its double salts {infra) for some time with strong sulphuric acid, and pouring the 
mixture when cold into water, which dissolves the alkaline sulphate and a small quan- 
tity of undecomposed double chloride, leaving the rhodic chloride undissolved. As 
obtained by either process, it is a brownish-rod indifferent body, insoluble in all acids 
mid alkalis. When heated with nitrite of potassium , it turns yellow, and is resolved 
into an orange-yellow powder, slightly soluble in water, but easily soluble in hydro- 
chloric acid, and a soluble compound preeipitable by alcohol. With nitrite of sodium 
it yields only the soluble salt. Sulphide of ammonium added to these solutions, throws 
down sulphide of rhodium, soluble in excess of the alkaline sulphide, and completely 
precipitable therefrom by acids. (W. Gibbs, Sill. Am. J. [2] xxxiv. 341 ; Jahresb. 
1863, p. 263.) 

Hydrated rhodic chloride, RhCl 3 . 4TI 2 0, remains in the form of a red-brown vitreous 
mass, on evaporating over the water-bath a solution of rhodic oxide in hydrochloric 
acid, previously freed from potash by treatment with nitric acid. It yields a rod 
powder, is deliquescent, soluble in alcohol, insoluble in ether; at a red heat it gives 
off its water, and becomes insoluble. 


Chlororlmluites of Ammonium . — The salt 2(3NH 4 CLRhCl s ).3lPO is obtained by 
decomposing the corresponding sodium-salt with sal-ammoniac ; it crystallises in fine 
rhombohedrul prisms, easily soluble in water, insoluble in alcohol. The boiling 
aqueous solution deposits on cooling, prisms and hexagonal plates of the salt 
2NII 4 Cl.RhCl a .IPO, less soluble and darker-coloured than the preceding. 

Chlororhodiates of Potassium . — The suit 3KCl.RhCl 8 .3H 2 0, formed by mixing the 
solutions of rhodic oxide in hydrochloric acid with a strong solution of potaBsic chloride, 
crystallises in sparingly soluble prisms, which effloresce and give off all their water on 
exposure totheuir* Another double salt, 2 K Cl. Ilk Cl 3 . IPO, is obtained by heating, in 
a current of chlorine, a mixture of pulverised rhodium or rhodic chloride with 
chloride of potassium. The black saline mass dissolves in water, and the solution 
yields by evaporation dark-red crystals soluble in alcohol. 

Chlororhodiate of Sodium, 8Na.Cl.RhCl 2 . 1 2 IPO, is obtained by heating a mixture of 
1 pt. rhodium and 2 pts. common salt in a stream of chlorine ; it crystallises like the 
corresponding potassium -salt. 


RHODIUM, CfAVIDB OP. RhCy*. See Cta 3 TC$B 8 (ii. 271). 

RHODIUM, DETECTION AND ESTIMATION OF. Rhodium forma 

?J ie c “Jf 8 °* the rhodic salts, corresponding in composition with the tri- 

chloride. These salts are for the most part rose-coloured (hence the name of the 
metal), and exhibit the following reactions in solution:—' With sulphydric acid , a brown 
precipitate of sulphide, which is slowly deposited ; with sulphydrate of ammonium, a 
brown precipitate, insoluble m excess; with sulphurous acid and sulphites, a pale- 
yellow precipitate affording a very characteristic reaction; with potash, a yellow preci- 
pitate ot hydrated rhodic oxide, soluble in excess ; with ammonia also a yellow 
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precipitate, which, however, does not form immediately ; with alkaline carbonate*, a yel- 
low precipitate after a while. Iodide of potassium produces a slight yellow precipitate * 
stannous chloride imparts a dark colour to the solutions, but forms no precipitate! 
Mercurous nitrate and nitrate of silver form with rhodic chloride, precipitates analogous 
in composition to the argento-iridic chloride already mentioned (iii. 318). Zinc 
precipitates metallic rhodium. In a solution of rhodium mixed with excess of potash, 
alcohol forms, even at ordinary temperatures, a black precipitate, probably consisting 
of metallic rhodium ; with the other platinum-metals, this reaction takes place only 
when the liquid is heated. No precipitate is formed by sal-ammoniac, chloride of 
potassium, chromate of potassium, oxalic acid, cyanide of potassium, cyanide of mer- 
cury, ferrocyanide or ferricyanido of potassium, or gallic acid. Hydrogen gas reduces 
the anhydrous salts at a moderate heat. 

Chlororhodiate of sodium (p 102) forms with soluble borates, a yellow precipitate 
of rliodic oxide, RliO s , containing tlie whole of the metal. A similar reaction is pro- 
(luL-ed by trisodic phosphate and by alkaline carbonates, but part of the rhodium tlu n 
remains in the solution, giving it a yellow colour. (Claus, Jahresb. 1863, p. 61)7.) 

Estimation and Separation . 

Rhodium is estimated in the metallic state. The solution containing it is mixed 
with excess of sodic carbonate and evaporated to dryness, the residue ignited, and the 
calcined mass treated with cold water; oxide of rhodium then remains, and may be 
reduced by hydrogen. 

Rhodium is separated from many metals with whicli it may be alloyed, by fusing the 
alloy with acid sulphate of potassium ; the rhodium is thereby converted into sulphate 
of rhodium and potassium, which may be dissolved out by water. 

The separation of rhodium from other metals in solution is somewhat difficult, 
because it is not completely precipitated by sulphydric acid. To separate rhodium 
from copper , the solution is saturated with sulphydric acid and left to stand in a 
stopperod bottle for twelve hours, then filtered, and the filtrate healed to separate an 
additional portion of sulphide of rhodium. The whole of the precipitate is then 
roasted in a platinum crucible till tlie sulphides are completely oxidised, and the pro- 
duct treated with strong hydrochloric acid, which dissolves the copper and leaves the 
oxide of rhodium. Tho liquid filtered from the snlj. hydrie acid precipitate st ill conlains 
a small portion of rhodium, which may he precipitated by carbonate of sodium, and con- 
verted into oxide as above. Tho whole of the oxide is then reduced by hydrogen. 

To separate rhodium from iron, the rhodium is precipitated us completely as possible 
by sulphydric acid ; the liquid filtered; and tho iron in the filtrate precipitated by mu- 
nmnia, after having been brought to the state of ferric oxide. Tho iron-precipitate 
carries down with it a certain portion of rhodium, which may be separated by igniting 
the precipitate in a current of hydrogen, and treating tho reduced metals with hydro- 
chloric acid, which dissolves the iron and leaves the rhodium: tlie latter is then con- 
verted into oxido by ignition in the air. The precipitated sulphide of rhodium is like- 
wise oxidised by roasting. The small quantity of rhodium which remains in solut ion 
after precipitation by ammonia is precipitated by carbonate, of sodium, and converted 
into oxide by ignition. The whole of the oxide of rhodium is then reduced to tho 
metallic state by hydrogen. 

The separation of rhodium from the alkali-metals is easily effected by converting the 
motals into chlorides, and igniting the chlorides in a current of hydrogen, which 
reduces only the chloride of rhodium. 

The methods of separating rhodium from the other metals of the platmum-gmu p 
have already been given (iv. 680—684). The insolubility of chlororjiodiate of sodium 
in alcohol affords in many cases a good mode of separation (p.. 101), To <fep&ntte it 
from iridium, Gibbs (Jahresb. 1863, p. 293) heats the solution m the wo metals 
with excess of nitrite and carbonate of sodium, till a light orange-yellow colour is 
produced ; adds sulphide of sodium by small quantities, till the precipij|$e of rhodium 
sulphide begins to redissolvo (p. 105); then boils for a few minutes, Wnd mixes tho 
solution when cold with a slight excess of hydrochloric acid. The sulphide of rhodium 
thereby precipitated is washed with cold water, dissolved in iutajaunatic acid, anil tlie 
rhodium is converted, first into the double chloride ^NH*01,HE£3^ then into the own* 
pound 5NH".RhCl*. (See farther Gibbs, Jahresb. 1864, p. 28^*#i^Carey Ite'a; 
ibid. 291.) ,, , . 

Atomic weight of Rhodium.— S'UQ grammes of chlororhodiate .of potassium, 
2KCl.RhCl 8 , heated in a current of hydrogen, were found by Berzelinr (Fogg. Ann. 
xiii. 435) to lose 0*930 grm. chlorine, leaving a mixture of 0*912 g*m. of rhodium 
and 0-515 of potassium-chloride. In another experiment, 13 grm. of the salt lost 
0-336 grm. chlorine, leaving 0*358 grm. rhodium and 0*615 .gim potassium-chloride. 
The mean of these resulted ws for the atomic weight of rhodium, very nearly fbe 
number 104. " 
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rhodium. 

5*1. Rhodium forms four oxides, having the formulas 

formed! vrith incandescence, when the hydrated sesquioxide, 
Rh 2 0*.3H 2 0, is heated in a platinum crucible. It is a dark-grey substance, perfectly 

indifferent to acids. , . 

The Sesquioxide or Rhodic Oxide, Rh*0», obtained by heating the mtrate, is a 
ever porous mass, with metallic iridescence; insoluble m acids, easily reduced by 
hvdroeren. It forms two hydrates. . 

The trihydrate or normal rhodic hydrate , Rh 7 0°.3H 2 0 or KhH O , is produced by 
precipitating a solution of chlororhodiato of sodium with potash, m presence ok alcohol ; 
or without the Aid of alcohol, by hearing the rhodium-solution with very strong 
potash-ley It is gelatinous, shrinks to a very small bulk when dried, and is almost 
indifferent to acids. Hydrochloric acid, however, dissolves a very small quantity of 
it acquiring the fine rose-colour characteristic of rhodic salts. 

’The pentahydrate , KhW.hH'O or RhH s O* H 2 0, is formed by treating a solution of 
clilororhodiate of sodium with aqueous potash. It has a lemon-yellow colour, and 
retains 3 or 4 per cent, potash even after washing. The mother-liquor has a yellow 

colour, and still retains rhodium. # . 

Dtoa'ide, R!iO\ — Obtained by fusing pulverised rhodium or the sesquioxide, with 
nitre and potash, and digesting the fused mass with nitric acid, to dissolve off the 
potash. It is a dark-brown substance, insoluble in acids. 

When chlorine is passed into a solution of rhodic pentahydrate, Rh*0*.5H 2 0, a 
black -brown gelatinous precipitato of the trihydrate, Rh z 0 3 .3H*0, is formed at first; 
but this compound gradually loses its gelatinous consistence, becomes lighter in 
colour, and is finally converted into a green hydrate of the dioxide, Bh0 2 .2H 2 0. The 
alkaline solution at the same timo acquires a deep violet-blun colour. — The green 
hydrate treated with hydrochloric acid dissolves, with evolution of chlorine, forming a 
rose-coloured solution of the sesquichloride : 

2RhO* + 8HC1 = Rh 2 Cl 3 + 4H 2 0 + Cl s . 


Trioxxdvy RhO\ — The blue alkaline solution above mentioned deposits, after a while, 
a blue powder, becoming green when dry, and yiolding, when treated with nitric acid, 
a blue floceulent substance, consisting of the trioxide, easily reduced to the green dioxide. 
(Claus.) 

RH03>XU1VK' OXYGEN-SALTS OX*. These salts, analogous in composition to 
the trichloride, do not crystallise very readily. Moreover, the only rhodic oxygen-salts 
that can bo obtained pure, are those which contain acids capable of expelling nitric 
acid from its combinations ; because, in order to obtain rhodic oxide free from potash, 
it must be washed with water containing nitric acid, which then unites with the 
rhodic oxide. The weaker acids are not capable of removing the whole of the potash. 

Rhodic acetate, Kh 2 0 s .3C < H«0 , .5H-O = ^-^]o , .iH*0.- Recently prepared 

rhodic oxide dissolves in acetic acid, forming an orange-yellow solution, which when 
evaporated over the water-bath, leaves a transparent orange-yellow, amorphous, non- 
deliquescent mass, soluble in water and in alcohol ; it always, however, retains 3 or 4 
per cent, of potash, (Claus,) 

Ritrdle, Rh 2 0 5 .3N 2 0».4H 2 0 or 0>.2H'0.— The yellow hydrate of rhodie 

oxide dissolves very easily in nitric acid, and the solution evaporated over the water- 
bath loaves a gummy, very hygroscopic mass, insoluble in alcohol. The nitrate when 
ignited leaves the insoluble sesquioxide. 

Phosphate *. — Rhodic oxide dissolves partially in aqueous phosphoric acid, forming 
the salt Rh r O*.2P*0\ 6H 2 0, very soluble in water, and precipitate by alcohol. The 
residue constitutes a basic phosphate. < 




12IPO. — Yellowish-white crystalline 

the A other-liquor of potassio-rhodio 
liquid then evaporated, 


Sulphate, Bh»0*.3S0M2H*0, or 

massjf having a styptic and acid taste.-. . . T 

,;©ya»i# is batted for some time with strong sulphuric acid, the liquid 
jejuni the residue digested with water, a potassio-rhodic sulphate dissolves, and another 
^double sulphate remains as a reddish-yellow crystalline powder, consisting of 

(Claus). The same salt . is formed when sulphuric acid is added to .a 
schjBpon of chlororhodiatc of potassium. (B erseUus.) ^ 

e RyO^SBCRfilFO, or jqqh") 2 j 0*. — Resembles the sulphate, but is white, 

.soluble in water,* insoluble in alcohol, When heated it gives off sulphurous and 

1 ■ -v : •**'- 
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sulphuric acids, and leaves an oxide of rhodium. A compound of this salt with 
sulphite of potassium, 3K*S0 l .Rh 2 ( v S0 , ) 5 .6H*0 > may be obtained by treating a 
solution of chlororhodiate of potassium with excess of acid sulphite of potassium, first 
at ordinary temperatures, then for a long time at a higher temperature. 

RHODIUM, BVLPBZDBS OF. A protosulphide , RhS, is obtained by beating 
rhodium (Berzelius), or chlororhodiate of ammonium (Vauquelin), with sulphur; 
also by heating the sesquisulpliide in an atmosphere of carbonic anhydride (Fellen- 
berg). It has u greyish-blue colour and metallic lustre (Vauquelin), and melts only 
at a veiy high temperature (Berzelius). When heated in a current of diy chlorine, 
it is converted into the dichloride. (Fellenberg, Fogg. Ann. i. Gif.) 

Sesquisulphide of Rhodium, Rh 2 S s , is obtained as a black-brown precipitate by the 
action of sulphydric acid on a solution of an alkaline chlororhodiate. 


RHODIUM-COMPOUNDS, AMMONIA CAL. These compounds, discovered 

by Claus {Beit rage zur Gesckiehte dir Platinmctalle, Dorpat, 1854; Jahreslx 1854, 
p. 369; 1855, p. 433), are analogous to the ammoniacal indium-compounds (iii. 324). 
A dilute solution of the ammonium-salt, 3NH < Cl.RhCl s .jjH*0, mixed with excess 
of ammonia, assumes a lemon -yellow colour, and deposits a precipitate of rhodic 
hydrate ; and the filtered liquid leaves on evaporation a light-yellow saline residue, 
from which water extracts sal-ammoniac, leaving a yellow crystalline powder, consisting 
of the ammonio-tricliloride of rhodium, 5NH\RhCl*, which may be formulated as 
chloride of diammo-rhodio-tr (ammonium, N 8 [(NlF) 2 Rh''TT 7 ].Cl a . It may be purified 
by dissolving it in boiling aqueous ammonia, and evaporating the filtered solution 
over the water-bath ; and is deposited at a certain degree of concentration, in small 
transparent prisms, tri clinic according to Claus, rhombic according to Refers tein 
(Jahrcsb. 1856, p. 421). It is sparingly soluble in water, insoluble in alcohol, soluble 
without decomposition in potash und in ammonia, slowly and imperfectly decomposed 
by acids. When heated, it gives off ammonia, sal-ammoniac, and free nitrogen, and 
leaves metallic rhodium. 

The corresponding oxide, lONIPMtR) 8 , is obtained by digesting the ammonio- 
chloride with water and silver-oxide, and evaporating tho resulting yellow solution in 
a vacuum; it then remains in the solid state. It dissolves in acids, forming the cor- 
responding ammoniated rhodium-salts, and expels ammonia from sal-amnioniac. — Tho 
carbonate, 10NH l .Rh*O*.3H 8 CO*, is a white, strongly alkaline, saline mass, easily 
soluble in water, insoluble in alcohol. — Tho nitrate , lONIF.Rh' 0*.3N 2 0*, is a neutral 
yellowish-white salt, which docs not decompose till heated above 160°. — The sulphate , 
10NIT*.Rh 2 O 3 .3H a iSO 4 , forms yellowish-white prismatic crystals, which do not decompose 
till heated above 180°. — The oxalate is also crystalline; tho phosphate was obtained 
only us a yellowish gummy mass. 

RHODIUM-GOLD. Seo Rhodium, Allots of (p. 102). 


SBOBIZXTB. A mineral supposed to be a lime-boracite, occurring in minute, 
monometric, tetrahedral crystals, on red tourmalines from the neighbourhood of* 
Mursitisk in Siberia. Hardness = 8. Specific gravity — 3*3 — 3*42. Tinges tlfc» 
blowpipe flame green above and red below, and finally red throughout : hgnee its 
name. (G. Rose, Pogg. Ann. xxxiii. 253.) 


RHODIZONIC ACID. This name is applied to two acids produced, under 
different circumstances, from carboxido of potassium (iv. 696). Berzelius and 
Wohler noticed that a red substance is produced by the action of water on the black 
mass formed in the preparation of potassium by Brunner’s process (iv. 693). L. G m e 1 i n 
found that the aqueous solution of this substance yields croconate of potassium when 
evaporated in contact with the air, and inferred that it contains an acid different from 
croconic acid. Heller, in 1837 (Ann. Cli. Phlrm. xxiv. 1), examined this add more 
particularly, and gave it the name ofrhodizonicacid. It was fotihar examined by 
W erner (J. pr. Cliem. xiii. 404), but the experiments of these cherai&a ffidnot deter- 
mine the composition of the aci* Bridie, in 1859 (Chem. Soc. Qu. by 

treating pure carboxide of potassium wiih anhydrous alcohol, obtaincd^«|' * 
C t# K*O a , which he regarded as rhodizonate of potassium, identicahurith thafcjj 
obtained by Heller and Werner. On the other hand Will, r& 1861 
Pharm. cxviii. 187), by the analysis of several salts of the addCbtaxofed i 
manner from the impure carboxide potassium formed in 


metal, concluded that its coi. 

firmed by the experiments of*3Lerclr (Ann. Ch. Pha} 
rhodizomc acid in the free state by decomposing th$ s«3 
(iii. 190, iv. 296), with adds. It appeA then tlu|$ the 
applied to two distinct compounds. It will be conVeuu 


a is C^O*, or C’^HR) 12 ; 

“exxiv. 2d 
pf cai 




lot? 


rhodochrome— rhodonite; 


originally obtained by Heller, and analysed by Will and Lerch, as o-rhodiaonlc, and 
that obtained b y Brodie as 0-rhodizonic acid. 

a-Rhodizonic acid C>H‘0* = (C j O'.-Thia acid is formed from car- 

boxylic acid by the assumption of water: C'*H‘0'» + 2IPO - 2C‘H<0» (larch) 
When dried in a vacuum it contains CW - C ffO'.H'O, and gives off 1 at, ffO at 
100°. The vacuum-driod add forms colourless rhombic prisms, easily soluble m water 
and in alcohol ; the colourless acid aqueous solution becomes yellow or roseate when 
heated, and colourless again on cooling. The crystals turn yellow and brown-red on 
exposure to the air, and at 1 00° black with loss of water; at a higher temperature the 
acid decomposes, leaving a carbonaceous residue > and yielding a small quantity of an 

acid sublimate. (Lerch ) . , , , - , 

The a-rhod i zonates are. red, and are produced from the hydrocarboxylates (in. 
189) aiid from carboxide of potassium by assumption of water and oxygen (Lerch). 
The potassium-suit is obtained by treating the “black mass” of the potassium prepara- 
tion repeatedly with strong alcohol, then with dilute alcohol, mixed towards the end 
of the process with a little acetic acid, and finally washing the residue with dilute 
alcohol. It is at first of an unctuous consistence and light yellowish-red colour, but 
acquires a crimson colour by exposure to the air, and remains unaltered after drying. 

It is insoluble in alcohol, dissolves slowly in about 150 pts. of cold water, much more 
eusily in hot water, forming a neutral reddish-yellow solution. (WilL) 

Jthodizonute of potassium dried at ordinary temperatures has, according to Will’s 
analysis, the composition OTWOOMPO ; it gives off its watorat 120° — 130°, leaving 
the anhydrous salt CTPK-’O®. The hydrated salt is isomeric with croeonato of potas- 
sium, C a K*0\ 2ll v O, but differs from the latter in giving off only half as much water 
whon heated (ii. 111). — Tho neutral solution scarcely absorbs any oxygen from the 
air, but if mixed with free potash it quickly turns yellow, absorbs a considerable 
quantity of oxygen, and then leaves on evaporation a mixture of croconate and oxalate 
of potassium. The eroconic acid is formed from the rhodizonic acid by addition of tho 
elements of water: its formation does not, however, take place immediately, but only 
on evaporation. Tho oxalic acid, the proportion of which is not constant, appears to 
be formed, not from rhodizonic acid, but from a brown substance mixed with it, pro- 
bably a product of the oxidation of rock-oil not completely removed from tho “ black 
mass” by washing with alcohol. (Will.) 

Itlwdironatc of barium, CTi r Ba"0 6 .H 2 0 (vacuum-dried), is obtained, by precipitating 
the potassium-salt with cldorido of barium, as a dark-red precipitate, which becomes 
dark-brown whon dried, acquires a greenish-yellow lustre when pressed, and gives off 
its water at 100° (Will). Tho triplumlric salt , C I0 H 2 Pb*O ,2 .2H 2 O (vacuum-dried), is 
obtained, by precipitating the potassium-salt with neutral acetate of lead, as a dark-red 
fiooeulrnt precipitate (the supernatant liquid acquiring an acid reaction), which becomes 
blue-black when dry, and gives off its water at 100° — 120° (Will). Lerch, by preci- 
pitating tho aqueous acid with uoutral acetate of lead, obtained a dark-red basic lead- 
wilt, C 10 1 1 : PI , a O 1 ViPbl 1*0*. — The triargentic salt, OHAgW, is a purple-red precipitate, 
metallic-green when dry, slightly soluble in water. (Will.) 

$-Ithodizonic acid, O^HW. — This acid is not known in the free state (i.e., as a 
hydrogen-salt). Its potassium-salt, C 10 K 8 O , > discovered by Brodie, remains undissolved 
when pure carboxide of potassium is treated with absolute alcohol (iv. 696). It is 
distinguished from the a-rhod izonate by the great facility with which it absorbs oxygen 
on exposure to air and moisture, and is converted into croconate of potassium : 

C 10 K 8 O H + IPO + O 3 = 2C fi K 2 0* + 2KHO (Brodie). 

Tho a-rliod izonate is probably formed from it in a similar manner by the assumption 
of ft larger quantity of wat er, thus : 

C ,0 K“O 8 + 3H s O + O* » 2C 6 H 2 K*0® + 2KHO; 

but this latter reaction lias not been actually observed (Will). The conversion of the 
/J-rhodizonato into croconate is not accompanied by the formation of oxalie acid* 
(Brodie.) 

Pn re /3-rhodi zonat e of potassium dissolves with pale red colour in dilute acetic acid, 
and the aolution yields, with acetate of barium, a shining red precipitate, which quickly 
changes colour; oven during washing. (Brodie.) 

A variety of Ksemmererite from the Ural (iv. 770). 

!KB0900m08ZT& Native carbonate of manganese. (See Carbonates, 

i. 780 .) 

BXMftDOVXTS. Siliceous Manganese, Manganese spar, Bustamtte, Bajshergite, 
JHsutcaie of Manganese, rot her Mangankessel, Kicseltnangan . — A mineral consisting 
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mainly of silicate of manganese, but containing also iron, magnesium, and calcium. It 
usually occurs massire, but sometimes in monodinic crystals, like angite, having the 
angle coP : ooP=r 87°7', and exhibiting the frees »P, ooP », [ ooP »], oP. Cleavage 
perfect parallel to ocP, imperfect parallel to oP. Hardness « 5 5 to 6 5. Specific 
gravity = 3*4 to 3*68. It has a vitreous lustre, light brownish-red or flesh-red colour, 
sometimes greenish or yellowish when impure ; streak white. Transparent to opaque! 
Fracture conchoidal to uneven. Brittle. Melts to a black bead before the blowpipe,* 
and gives conspicuously with fluxes the reactions of manganese. 

Analyses', a . From Ldnghansbyttan in Sweden (Berzelius, Schw. J. xxi. 254). 

b. St. Marcel in Piedmont (Ebelmin, Ann. Min. [4], vii. 8).— <*. Bustamite , from the 
Peal Minas de Fetela, Moxico : a. by Dumas (Bull, des sc. Nat. 1826, Oct. 163); 
&. by Ebelmin (loc. cit.). — d. Algeria : rose- red, granular (Ebelmin). — e. l*ajs- 
bergite, from the Pqjsberg iron-mine near Philipstadt in Wormeland, Sweden : rose- 
red; specific gravity = 3*63. (Igelstrom, J. pr. Chern. xxiii. 278.) 


Silica . . . , 
Manganous oxide 
Lime . . • . 
Ferrous oxide 
Magnesia . , . 


a . 

5. 

48*00 

46*37 

49*04 

47*38 

3*12 

5*48 

. *0-2*2 

. , 

10038 

9923 


OB. ( 3 . 

48-90 60*67 

36 06 3073 

1457 1645 

0-81 1*31 

. . 0-73 

100*34 99*89 


<L 

e. 

45*49 

46*46 

39*46 

41*88 

4*66 

8*13 

6*42 

3*31 

2*60 

0 91 

9863 

100*69 


These analyses show that — 

a. consists of 12 MnSiO\CaSi0 3 

b . „ „ 7 MnSiO*. CaSiO* 

c. „ „ 2 MnSiO s .CaSiO* 

d. „ „ 6 MnSiO 3 . CaSiO 3 . FeSi0 3 .MgSiO* 

p. „ „ 24 MnSi0 s .6CaSi0 s .2FeSi0 3 .MgSi0* 


Fawleritc, from Franklin, New Jersey, where it occurs with Frank] in ite, is a crystal- 
lised manganous silicate resembling the preceding, but likewise containing zinc. 
Specific gravity *= 3*63. The following analyses — a. by Hermann (J. pr. Chem. xlvii. 
5); 5. by Kammelsberg ( Mincralckemic , p. 459) — lead to the formula 7MnSiO g . 
2FeSiO». 2 CaSiO*. MgSiO 3 . ZnSiO 3 


SIO- 

a. 46*18 

b. 46*70 


MnO 

31*52 

31*20 


Fc-O 

7- 23 

8- 35 


ZnO 

5-85 

5*10 


CaO 

4-50 

6*30 


MgO 

3*09 

2-81 


I.o *8 by 
ignition. 
1*00 
0*28 


= 9967 

= 100-74 


Manganous silicate is often mixed with manganous carbonate, manganous oxide, or 
quartz, as in the several varieties of siliceous manganese from Elbiiigerode in the Halts, 
known as Aflagite , Vholizite , Corneous Manganese , &c. Rhodonite likewise becomes 
altered by the tendency of manganous oxide to pass to a higher state of oxidation, 
accompanied by absorption of water, the red colour of the mineral changing to broWn 
or black, and indefinite compounds or mixtures resulting, which may consist either 
partly of silicates, or wholly of an oxide of manganese. Marceline or H< tcrocline from 
8t. Marcel is a m inoral of this kind; also StratopHte , a black amorphous mineral of 
specific gravity 2*64, from the Pajsberg mine in Philipstadt, in which Igelstrom found 
35 43 per cent, silica, 32*41 manganic oxide, 10 37 ferric oxide, 8*04 magnesia, and 
1?*75 water. 

[For analyses of these indefinite varieties of siliceous manganese, see EammoLs- 
borg’s Mineralchemie t pp. 460 — 462.] 

RHODOPH7LLZTE. Syn. with Rnoi>o chrome. 

RHODOTAMVIC ACID, or RBODOZAITTHnr. Tanpic Add from the 

leaves of the Rhododendron ferrugmsvm . (R. Schwarz, Wien. Akad. Ber. ix.,298 ; 
Gm. xv. 530.) 

SHOKB-BFAX. Syn. with Magnesite or native carbonate of ipa^ltdiam 

(i. 787). 

SEITBARB. Rheum . Many species of rhubarb — Rheum palmatum, Rfajindula* 
turn, Rh. compacium , Rh. austral * , Rh. hyhridum , &C. — grow wild OP the highlands of 
Central Asia, and some of them are cultivated in various parts of Europe. The roots 
are much used for their purgative properties ; several kinds occur in com merce , the* 
most esteemed being the Turkey rhubarb. In this country the waved garden rflubarb, 
Wuum undulatum, and the large garden rhubarb, Rh. kybridum, are much cultivated 
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for the sake of their juicy stems, which hare a pleasant acid taste, and are used for 
making pastry. The juic/of the stems contains oxalic, citric, and malic acids, the latter 
gome times in considerable quantity- Dessaignas (J. Pharm. [3]xxv.23) obtained 
from a litre of the juice of Eh. compactum (after removing the oxalic acid by chloride 
of calcium), 15 grins. of acid calcic maiate; Eh, Ehapoiitwum, on the other hand, 

yielded only 7 grms. . , . .. .. 

The root of rhubarb has been made the subject of numerous investigations, the most 
important of which are those of Schlossberger and Bopping (Ann. Ch. 
Pharm. 1. 190), and of Be la Rue and Muller (Chem. Soc. Qu. X x. i 298). 
SchlosBbcrger and Bopping found, in the alcoholic tincture of rhubarb, a number of 
substances, which wore afterwards found also by Be la Rue and Muller in the deposit 
which separates from the tincture after long standing. These are:— 1. Chrysophanic 
acid, which separates to the amount of about 4 per cent, from the alcoholic decoction 
of tho precipitate; 2. Erythrordin , contained in the mother-liquor of the chiyso- 
phanic acid, and obtained from it by repeated precipitation with ether and solution in' 
alcohol ; 3. Phaordw, the portion of the alcoholic decoction which is insolublo in ether; 
aud 4. Jpordin , in the portion of the original deposit insoluble in boiling alcohol. (See 
these several substances.) By exhausting the pulverised root with benzene, or with 
light coal-tar oil, to extract the chrysophanic acid (which is the best mode of preparing 
that substance, i. 958), then distilling off tlie greater part of the solvent, pressing out 
the liquid from the nearly solid residue, and repeated solution in hot benzene, Bela 
Rue and Muller likewise obtained a reddish-yellow crystalline substance, emodin , 
insoluble in benzene (ii. 485). 

For the older investigations of rhubarb-root, which were made chiefly with the view 
of extracting an aetivo medicinal principle from it, but did not lead to any definite 
result, see Handwortcrbuch (hr Ckemie, vi. 819. Schlossbergcr and Bopping tire of 
opinion that the physiological action of the root cannot be attributed to any one of its 
constituents in particular. 

The ash of the stems and leaves of rhubarb [what species?] has been analysed by 
Til. Richardson (Jahresb. 1847-48; Tafel G zu S. 1074), with the following 
results : — 

K ;, 0 rr.-’O CaO MgO SO* SiO* P*0» Fe"TO« N«C1 

Stems , . M-.W 0 46 10*04 . . 2*77 12*83 2*77 8*84 = 99* 19 

Leaves . . 14*47 31*77 3*95 ft* 59 9*62 2*33 3004 2*33 liace s 100*00 


The stems [fresh or dry ?] yielded 0 41 per cent.., and the leaves 1*23 per cent. ash. 

R. Brandes (Jahresb. 1853, p. 581) has examined the inorganic constituents of 
four kinds of rhubarb-root. A Russian species gave 5*03 per cent, water arid 18*2 
ash; a Chinese species 8*22 water and 8*82 ash; an older Austrian species, 9'Q water 
and 5*8 ash; a younger Austrian species (both cultivated at Bilitz), 112 water and 
5*54 ash. 

Tho ash from 100 pts. of the dried roots contained : — 

Soluble In water. Insoluble in water. 

KCI R-'O Cat) MgO Sol* j>2()^Ai20^ Ca0 Mg O MnO P*0* SiO* 

Rusiinn 0196 0-280 0*980 trace . . (1*100 0*008 8-388 0244 trace 0*860 0*012 as 11-068 

Chinese 0*420 fry J ft , . trac( j . . o lift 0 015 4*095 0*!9S trace 0*265 0 02ft = G*345 

older 10 ’} 0 145 0 840 ■ • trnce °* 445 6*125 0 *060 1*636 0*355 trace 0*755 0-035 « 4-395 

yeunger 1 } 0*020 2*525 . . trace 0 250 0140 0 0 5 0-605 0 325 trace 0*570 0-015 = 4*468 


Tip (Jahresb. 1854, p. 657) found in 100 parts of rhubarb-root dried at 100° 
(I. Russian, II. Chinese, III. Root of Eheum palmatnm, IV. a the tap-root, and IV . h 
the branch-roots of lih, undulatwn ), the following quantiles of ash and calcic 
carbonate:— 



I. 

II. 

III. 

-fV. a. 

IV. b. 

Ash . 

17*0 

23*0 

3-6 

11*6 

10*0 

CaCO* therein . 

15*5 

22*3 

1-7 

ll’fi 

8*4 


HBU8AB8ARZ0 ACSB.t 

BBDSABBABlir. \ s ?n- with Chstsophanic Acid. 

Sumach . Many species of this genus are very rich in tannic acid, which 
in Ekus Cormria, Eh. glabra, and Eh. tt/phina , exists in all parts of the plant The 
tannic acid of the sumachs, like gallotannic acid, yields gallic acid when treated with 
sulphuric acid. (Stenhousc.) 

The leaves of Eh. copal fin a and Eh, glabra contain a considerable quantity of acid 
maiate of calcium. Eh. Metopium exuues a yellow, emetic, purgative resin ; the wood 
is rich in tannin. Eh, succcdanm is said by some authorities to yield Chinese wax ; 
according to others, this substance is produced by an insect living on the plant. 
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The juice of the leaves of Rhus Toxicodendron contains gallic add (Aschoff). 
Kbit tel (Jahresb. 1858, p. 530) found in these leaves, besides the usual plant- 
constituents, an iron-greening tannin and a volatile alkaloid, which is the poisonous 
principle. Rh. venenata and Rh. juglandifolia also contain poisonous principles. 

Rh. vcmicifera contains a juice which blackens in the air, and is used for the pre- 
paration of Japan -varnish ; the seeds contain a sebaceous oil. The milky juices of AVI. 
Toxicodendron and Rh. venenata likewise blacken .on exposure to the air. (Roch- 
leder’s Phytochetnie. pp. 30, 31.) 

The air-dried leaves of Rh. Toxicodendron yield, according to Khittel, 7*30 per cent., 
the leaves dried at 100°, 7*91 per cent, ash, containing, in 100 pts. : 25-81 per cent. 
K-O, 0 04 Na s O, 21*59 CaO, 6*45 MgO, 0*49 A1*0*, 2*35 Fe*0* 1*54 Cl, 3*98 SO* 
11*57 P-O s , 6*86 SiO-’, 18*43 CO* 99*11).- 

The heart-wood of Rhus pentaphyllum yields, according to Com ail lo (J. Pimrm. 
[3] xliii. 269; Jahresb. 1863, p. 616), 0*9 per cent, ash, containing in 100 pts. ; 0*25 
I£ 2 0 and JS T a z O, 49*54 CaO, 0*27 MgO, 0*37 Al-O’, 8 20 Fe z O*, 0*14 Cl, 1*81 SO*, 
2*57 SiO 2 , and 36*66 CO*. 

RICDrELAIDiiMZnE, C 18 IF 4 N0 2 .— A product obtained by the action of 
alcoholic ammonia on ricinelaidin. It closely resembles elaidamide, melts at 91°— 
93°, and solidifies at 89°. (Rowney, Chem. Gaz. 1855, p. 361.) 

RZCnrSXiAITCC ACID. C ,8 H»0*. Palmxc acid . (Boudet, Ann. Ch- 
Pham. iv. 16. — Playfair, ibid. Lx. 322. — Bouis, Ann. Ch. Pliys. [3], xliv. 82. — Gm. 
xvii. 135.) — An acid isomeric with ricinoleic acid, produced by the action of nitrous 
acid on the latter ; also by saponifying ricinelaidin with caustic potash, salting out tho 
resulting soap, and decomposing it with hydrochloric acid. It crystallises in tufts 
of white silky needles, melting at 50° (Boudet, Bonis), and solidifying to a crystal- 
line mass at 48*5°. Reddens litmus strongly; dissolves easily in alcohol and 
ether; decomposes alkaline carbonates. Decomposed by distillation, and by heating 
with soda, in the same manner as ricinoleic acid. The ricinclaidates of the alkali- 
metals are soluble in water. — Tho barium-salt , C sa H UG Ba"0 8 , obtained by precipitation, 
is a white powder unctuous to the touch. — Tho silver-salt, C 1 "H 33 AgO < , is a light white 
powder, soluble in ammonia, but insoluble in water, alcohol, and ether. 

Ricimididate of Ethyl , C s "H M 0* ~ C lh lI™(C*IP jO^ formed by tho action of hydro- 
chloric acid gas on an alcoholic solution of the acid, is a crystalline mass, which molts 
at 16°, dissolves slightly in cold, very freely in hot alcohol. (Playfair.) 

RXCrar£X.AXDXSr. C S8 H TZ 0 T ? — A solid fatty body produced by the action of 
nitric peroxide on castor-oil. When purified by washing with water and crystallisation 
from alcohol, it forms small white nodules melting at 43° (Playfair), at 45 J (Bouis), 
at 62° — 66° (Boudet). It solidifies slowly, after remaining pasty for a long time. 
It is very soluble in alcohol and ether. Caustic potash at the boiling heat converts it 
into glycerin and rieinelaidate of potassium. When submitted to dry distillation, 
it behaves like castor-oil, yielding a dark brown-red, spongy residue, and a distillate 
of ccnunthol (Bertagnini, Ann. Ch. Pharm. lxxxv. 282); and if the amanthol be 
driven off by steam, there remains a solid acid, containing 73*8 per cent, carbon and 
11*21 hydrogen (Bouis). With care the distillation maybe continued to the end 
without formation of the spongy residue, in which caso a large quantity of acrolein 
and solid hydrocarbons pasB over, whilst a little carbon remains behind (Bouis). By 
distillation with excess of potash, ricinelaidin yields octylic alcohol, sebateof potassium, 
and two other acids. (Bouis.) 

RXCXITIC ACXS. A fatty acid, containing 73*6 per cent, carbon, 9*9 hydrogen, 
and 16*5 oxygen, said by Bussy and Leeanu to be obtained, together with others, by 
the saponification, and by the distillation, of castor-oil. (Emelin* s Handbook , xvii. 
140.) 

RXCnrm. (Tuson, Chem. Soc. J. xvii. 195.) — An alkaloid contained in the 
seeds of the castor-oil plant ( Ricinus communis). The seeds of Croton. Tiglium contain 
a similar or perhaps the same base. To prepare it, bruised castor-seeds are ex- 
hausted by repeated boiling with water; the decoction is strained, and, after separating 
the oil as completely as possible, evaporated to 'an extract, which is boiled with 
alcohol and filtered. After standing 24 hours, the tincture is separated from the 
deposited resin, and the alcohol is distilled off. The residue, on standing, deposits 
crystals of ricinine, which are purified by recrystallisation from alcohol, with the help 
of charcoal. 

Ricinine forms colourless rectangular prisms and lamina, having a slight taste 
of bitter almonds, insoluble in water, soluble in alcohol, nearly insoluble in ether and in 
benzene. When heated, it melts to a colourless liquid, which solidifies in crystalline 
needles. Sublimes unchanged between two watch-glasses. Contains nitrogen. 
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When strongly heated on platinum-foil, it bums with a luminous smoky flame. Dis- 
solves in oil of vitriol without coloration ; the solution is coloured green by chromate 
of potassium. — Dissolves in nitric acid without evolving red fumes, and on evaporation 
leaves colourless needles, which turn white in water. 

Ricinine is insoluble in water. — It forms with hydrochloric acid a compound, which 
is decomposed by evaporating the solution. — Its solution mixed with mercuric chloride, 
solidifies after some minutes to a crystalline mass of fine needles. — The hydrochloric 
acid solution, when evaporated with chloride of platinum , yields orange-coloured octa 
hedrons oi the double salt. 

AZCINOLEAMIDE. C 18 H 35 N0 2 = j N (Boullaj, J. Pharm. [3] 

v. 329. — Bonis, Ann. Ch. Phys. [.3] xliv. 96.) — Produced by saturating an alcoholic 
solution of castor-oil with ammonia-gas, and leaving it to stand for three or four 
months, or heating it for a few days in a salt-bath. When purified by crystallisation 
from alcohol, it forms white crystalline needles, molting at 66°, and solidifying to an 
opaque brittle mass. It is insoluble in water, soluble in alcohol and ether, and is 
resolved by acids and alkalis into ammonia and ricinoleic acid. 

nisTrssry!) 

RICINOIEIC ACID. C ,8 H s<1 0* = 0. (Bussy and Lecanu, J. 

Pliarm. xiii. 70. — Saalmuller, Ann. Ch. Pharm. lxiv. 108. — Svanberg and 
Kolmodin, J. pr. Cliem. xlv. 431. — Bouis, Ann. Ch. Phys. [3] xliv. 103, and xlviii. 
99. — Petersen, Ann. Ch. Pharm. cxviii. 69. — Gm. xvii. 131.) — A fatty acid produced 
by hu [‘ unification of eastor-oil and of the oil of Jatropha Curcas. 

Prrjmralioji. — Castor-oil is saponified with potash or soda-ley ; the soap is salted 
out* and decomposed by hydrochloric acid; and the oily mixture of ricinoleic acid 
with a small quantity of solid fatty acids is cooled to —10° or —12° with 4 its 
volume of alcohol: the solid acids then crystallise out, and are removed. After 
driving off the alcohol, the ricinoleic acid is digested with excess of lead-oxide, and the 
lead-salt formed is dissol ved in other, and decomposed by hydrochloric acid and water. 
Tlie ricinoleic acid, which is loft on evaporating the ethereal layer, is purified by dis- 
solving it in aqueous ammonia, precipitating with chloride of barium, and crystallising 
the barium-salt from alcohol. Prom the barium-salt the acid is obtained by decom- 
position with aqueous hydrochloric acid. 

VnqmrtUs . — Ricinoleic acid is a palo wine-yellow syrupy oil, colourless in thin 
layers. Specific gravity, 0‘ 94 at 15b Solidifies Completely, at — 6° to — 10°, to a 
granular mass. Inodorous. Has a very disagreeable, persistent, harsh taste. It 
mixes in all proportions with alcohol and ether. The alcoholic solution has an acid 
reaction, and decomposes carbonates with effervescence. 

Decompositions, — 1. Kieinoleic acid, subjected to distillation, yields at first a limpid 
mid afterwards a thick and repulsive-smelling distillate, free from sebacic acid 
(Sm a l niiil Lor). — 2. It does not absorb oxygen from the air, or even on long exposure 
to the gas, and does not form carbonic acid (Saalmuller). — 3. It absorbs a little 
sulphurous arid gus, without becoming solid or otherwise altered. (Saalmuller.) 

4. By the dry distillation of ricinoleates of the alkali-metals, various products are 
obtained, according us the neutral salt is distilled alone, or with an excess of 
alkali : 

a. Vy cautiously distilling the neutral sodium-salt until the residue begins to froth 
up. a distillate of cenanthol (iy. 174) is obtained, the residue containing the sodium- 
salt of the same arid that is formed by the dry distillation of eastor-oil. The 
sodium-salt and the glyceride of ricinoleic acid are therefore decomposed in the same 
maimer by distillation (St adder). According to Bouis, the neutral ricinoleates of the 
alkali-metals yield, by dry distillation, octylic aldehyde (xiii. 187), and a peculiar 
acid : 

C l8 H 34 0* *= C*H J,) 0 + . C 10 H ,8 O 9 . 

h. A mixture of pptassie or sodic riel no! cate with excess of the caustic alkali froths 
up when heated, emitting an odour like that of mushrooms ; then thickens, gives off at 
250° a large quantity of hydrogen gas (no carbonic anhydride or gaseous hydrocarbon) 
and a volatile oil, and leaves a white spongy residue, consisting of sebate of potassium, 
together with a neutral oil, which yields a white soap by saponification, ana deposits 
crystals of palmitic acid when cooled (B o u i s). The volatile oil is a mixture of methyl- 
oenanthyl with heptylic or octylic alcohol, or both. (See Alcohols, i. 98 ; Hxptylic 
Alcohol, iii. 145; Octylic Alcohol, ir. 170).— According to E.T. Chapman (Chem. 
Soc. Qu. J. xviii. 290), sometimes the one, sometimes the other alcohol is produced.— 
The same products are obtained by heating castor-oil with excess of ca usti c soda. 
(Bouis.) 

Ricinoleate s.— - Ricinoleic acid is monobasic, the general formula of its salts being 
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C 1B H* 8 MO*, ot These salts are all soluble in alcohol, most of them also 

in other, and crystallisable. They do not alter by keeping, or absorb oxygen from 
the air. 

The barium-salt , C J8 H 66 Br"O g , prepared ns above (p. 110), crystallises from alcohol 
in soft, scales, slightly soluble in water. — The strontium-salt , C^H^Sr'O* obtained by 
precipitating the ammonium-salt with chloride of strontium, crystallises from alcohol in 
small grains. — The calcium-sat t, C 3d H ti, Ca"O u (at 100° ), prepared in like manner, forms 
scales, which melt at 80° to a yellow mass, brittle and friable after cooling. — The 
magnesium-salt , C 38 H* 6 Mg''0 8 , is very soluble in alcohol, and crystallises therefrom in 
slender needles. — The zinc-salt forms small granules. 

Lead-salt , C ss H* 6 Pb' / O a . — The gicid heated with excess of lead-oxide loses 2*9 to 8-6 
per cent, of water (1 at. =* 3 02 per cent.), and forms a solid compound, the ethereal 
solution of which, evaporated over oil of vitriol, loaves the lead-salt us a transparent 
crystalline mass, melting at 100° to a light-brown viscid liquid, and solidifying 
to an easily pulverisable mass. It is very soluble in ether ; dissolves in cold, 
and not much more freely in hot alcohol. — By precipitating ammoniaeal ricinoleic acid 
with neutral acetate of lead, a curdy precipitate of variable composition is obtained. 
(Saalmuller.) 

Silver-salt, C l9 H s, AgO*. — Nitrate of silver throws down from the ammonium-salt a 
curdy precipitate, which, when treated with alcohol nr ether, partially dissolves, but 
for the most part blackens and remains undissolved. It softens at 100°, melts at higher 
temperatures to a black mass, and burns with evolution of disagreeably-smelling 
vapours ; dissolves easily in hot alcohol, and slightly in cold alcohol and ether. 

Tticinoleate of Ethyls C’^H^O 8 = C ,9 H 8 *(C-H a )() 9 , is prepared by passing hydro- 
chloric acid gas into a solution of the acid in absolute alcohol, and purified by washing 
with water and carbonate of sodium. It is a yellowish oil, which cannot be distilled 
without decomposition. (Saalmuller.) 

RICIVO-MAROASZTZC and RXCZWO-STEARIC ACZD8. Names ap- 
plied by Bussy and Lecanu to certain fatty acids of doubtful composition, obtained from 
castor-oil : probably mixtures of stearic and palmitic acid. (Sue Castor-oil, i. 815; also 
Gmdin's Handbook, xvii. 140.) 

RIEMCAEVITE. Syn. with Allophank (i. 132). 

RZNMAinr’S GREEN, See Cobalt-green (i. 1057). 

RXOEXTE. A selenide of silver, occurring in small lead-grey hexagonal tables, at 
Taseo in Mexico. Contains, according to Del Hio, 57*7 per cent, silvor and 42 3 1 
selenium, whence the formula AgSe. Requires further examination. (Dana, ii. 
602.) 

RXPEDORXTE- A mineral resembling chlorite in many respects, and allied lo it 
in chemical composition. It occurs in crystals commonly referred to the hexagonal 
system, with very distinct cleavage parallel to the base. Crystals from the Tyrol 
exhibit the form of double six-sided pyramids, having the angles of the terminal 
edges = 132°40 r , of the basal edges = 106°30' (Deseloizeaux). According to 
later observations by Descloizeaux (Ann. Min. [5], xi. 261), however, the crystals 
have two optic axes inclined to one another at an angle of 20° : hence it would appear 
probable that the mineral is monoclinie, like chlorite (i. 913). 

Hardness = 1—2. Specific gravity = 278 — 2*96. Translucent to nearly trans- 
parent, with pearly lustre and green colour, but red across the axis by transmitted 
light. Streak uncoloured or greenish. Laminae flexible, not elastic. Before the 
blowpipe it behaves like chlorite. 

Analyses : a , b. From Greiner in the Zillerthal (v. K o b el 1, Ann. Ch. Pharm. xl. 244). 
— c. Gumuchdagh, in Asia Minor (Smith, Ann. Min. [4], xviii. 304). — Mont den Sept- 
Lacs, Dauphin^ (Marignae, Ann. Ch. Phys. [3], xiv. 56). — e . Rauris, in thePinzgau 
(v. Kobell).— /. St. Gotthardt (Varrentrapp, Pogg. Ann. xlviii. 185).—#. From 
the same (Ram me lsb erg, ibid, lxxvii. 414). — h. St, Christophe, Dauphine, 
(Marignae): — 

a. b. c. 4. e. /. g. k . 

Silica . . . 26*51 27*32 27*20 27*14 ,26*66 25*37 25*12 26*88 

Alumina . . 21*81 20*69 18*62 19*19 18*90 18*49 22*20 17*51 

Ferric oxide . 1*09 

Ferrous oxide 15*00 15*70* 23*21 2476 2810f 28*79 23*11 29*76 
Magnesia . . 22*83 24*89 17*64 1678 16*03 17*08 17*41 13*84 

Water . . . 12*00 12*0 0 10*61 11*50 10*69 8*96 10*70 11*33 

98*16 100*60 97*28 99*37 99*38 98*69 99*69 99*32 


* With 0*47 manganous oxide. 

♦ With 0*02 „ *, 
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These results may be represented by the formula CII 
numbers of atoms of ferrous oxide and magnesia being in i. as 1 . 3, in d. as 6 . 6, 
in e, /. as 1 : 1, in g. as 5 : 7, and in h. as 6 : 5. 

Ripidolite occurs also in Scotland* 


aiSIftALIO. Syn. with Realgar. 

»ITT H fO EBI T& A mineral from the Joaehimsthal, occurring in small blackish 
monoclinic crystals, which behave before the blowpipe like pyrargynte. According to 
Breithaupt, it is identical with xanthocone (q.v.). 

WVU1IN. A mucilaginous substance obtained from a freshwater alga, Rivuld 
tuherosa. (Braconiiot, Ann. Ch. Phys. [2] lxx. 206.) 

ROBZXZC ACZD. An acid existing, according to Reinsch (Rupert. Pharm. 
[2] xxxix. 198), in the root of the false acacia ( Robinia pseudacacia). The infusion of 
the root, evaporated to a syrup, and left in a cool place, deposits rhomboidal crystals of 
robinate of ammonium. The free acid is a syrupy mass, which becomes crystalline in 
contact with absolute alcohol. 


ftOBZNZZZT* A yellow colouring matter existing, according to Kiimmell (K. Br. 
Arch, xeiii. 295), in the wood of. Robinia pseudacacia , from which it is obtained by 
precipitating the aqueous decoction with basic acetate of load, and decomposing the 
precipitate with sulphydric acid. 

ROBZHZK* 0»H»O w . (Zwenger and Dronke, Ann. Ch. Pharm. Suppl. i. 
257; J&hrosb. 1861, p. 774; 1862, p. 498.) — A yellow substance contained in the 
blossoms of Robinia pseudacacia. To prepare it, the recently gathered flowers are 
boiled in water, and the decoction is again boiled six or eight times with fresh flowers; 
it is then evaporated to a syrup, which is repeatedly exhausted with boiling alcohol ; 
the alcohol is distilled off, and the residue is set aside to crystallise ; the crystals are 
pressed and washed with cold alcohol, to remove the greater part of the mother-liquor, 
and dissolved in boiling water; and neutral acetate of lead is added to the solution, 
whereby foreign substances are precipitated, while the robinin remains dissolved. 
The filtrate is freed from lead by sulphydric acid and evaporated, and the robinin 
is purified by recrystallisation from water. 

Robinin thus prepared forms very delicate straw-yellow crystals, having a somewhat 
silky lustre, and containing 2C 2# ll* 0 O w .llIi a O. They give off their water (14*45 per 
cent.) at 100°, leaving anhydrous robinin, which melts to a yellow liquid at 195°, and 
solidifies to an amorphous mass on cooling, /'nhydrous robinin gave by analysis 
50*98 per cent. 0, and 5*51 II (calc. 51 T9 C, 5*10 H, 43*71 O) ; the hydrate gave 
43 50 (J and 6 33 II (calc. 43*79 C, 5*98 H, 60 23 O). 

Robinin is neutral, tasteless in the solid form, slightly styptic in aqueous solution. 
Water and alcohol dissolve it slightly in the cold, more freely at tlio boiling heat; it is 
insoluble in ether. It dissolves quickly in alkalis and alkaline carbonates, forming 
golden-yellow solutions; the ammoniacal solution turns brown on standing. The 
aqueous solution does not precipitate motallic salts ; it colours ferric chloride dark- 
brown or greenish, but does not affect ferrous chloride. The alcoholic solution preci- 
pitates neutral and basic acetate of lead. It reduces cupric oxide in a boiling alkaline 
(solution ; is not altered by emulsin. 

By dry distillation, robinin yiolds a yellow distillate, containing quercetin in solution. 
When heated above its melting point, it burns with a smoky flame and a smell of burnt 
sugar, and loaves charcoal. It is decomposed by concentrated nitric acid (with pecu- 
liar facility by the fuming acid), with formation of oxalic acid and a large quantity of 
picric acid. When heated with dilute acids, it splits up very readily into quercetin and 
robinin- sugar: 

C 2a H w 0 1# + 2H*0 = C ,s H ,# 0* + 2C*H ,2 0 - .* 


100 parts of crystallised robinin yield 37*96 parts .of quercetin, dried at 100° (by cal- 
culation 38*25 parts). 

Robinin -8 ugar docs not crystallise, but is obtained as a sweet brown syrup, which 
8meUs like caramel when heated, and yields with nitric acid a large quantity of picric 
acid, together with traces of oxalic acid. It reduces cuprate of potassium in the cold; 
does not undergo fermentation with beer-yeast. 

(C"H“O a r 

ROOOBU.AJRZ.ZSZl, or Pfcnyl-roccdlamide, C»H«N*0* = (C*H 5 )* 


H a 


H* — 


When roccellic acid is heated with excess of aniline to 180° — 200°, water and aniline 
distil over, and a black pitchy residue is left, which when drenched with alcohol yields 
crystals after a few days. These ara\ collected and purified by repeated crystallisation 

and Uron ke* p° b J* r * ^ * he r ° rmuIa °* robin,n ll related to that assigned to quercetin by Zwenger 
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from boiling alcohol, with help of animal charcoal. Roccellanilide thus obtained, forma 
beautiful colourless laminae, which melt to a colourless liquid at 63* 3°, and solidify 
partially at 52°. Neutral. At a somewhat elevated temperature, it yields a colourless 
distillate, without any carbonacoous residue. It is insoluble in water, aqueous am- 
monia, and hydrochloric acid; not coloured by hypochlorite of sodium. The alcoholic 
solution does not precipitate alcoholic neutral acetate of lead. 

BOCCSXLIC ACID. C' ; JFW = (C'HW'TJ 0 =._A of flMy acM el[ j st;ilg 

in RocceUa tinctoria and other species of the same genus; also, according to Heorcn, 
in Lecanora tart area. It was discovered in 1830 by Ho or on (Schw. J. lix. 346), and 
has been examined by Liebig (Pogg. Ann. xxi. 31), Schunck (Ann. Ch. Piiarm. 
xxxviii. 459), and Hesse {ibid, cxvii. 332). • 

Preparation. — 1. Roccella tinctoria is exhausted with aqueous ammonia; tho filtrate 
is precipitated by chloride of calcium ; the well-washed precipitate is decomposed by 
hydrochloric acid ; and the acid thus separated is purified by solution in ether 
(Ilecren). The liquid filtered from the roc cell ate of calcium retains erythric acid 
(ii. 502) in solution. — 2. Tlielichonis freed from erythric acid by milk of lima ; tho residue 
is boiled with dilate hydrochloric acid ; the acid solution is removed ; and the residue 
warmed with dilute soda-ley. From tho greenish-brown solution, hydrochloric acid 
throws down green flocks, which must be suspended in water and treated for a short 
time with chlorine gas, which chiefly removes the green substances. The acid, after 
being treated with chlorine, is washed with water, and purified by recry stall i sat ion 
from boiling alcohol, with help of animal charcoal (Hesse). The acid obtained by 
method 1 may also bo purified in this manner, or by passing chlorine into the alkaline 
solution (Hesse). — 3. The lichens are exhausted with ether in a percolator; the ether 
is distilled off; and tho greenish-white crystalline rosiduo is dissolved in the smallest 
possible quantity of borax-solution, a portion then separating out as the liquid cools. 
The rest is precipitated by hydrochloric acid, and purified hy re-solution in boiling 
aqueous borax; then, together with the portion of acid first obtained, by recrystallisation 
from ether, with help of animal charcoal (lies so). Schunck treats tho lichen ex- 
hausted with boiling water, and thereby freed from erythric acid [and pieroerythrin 
(ii. 503)], with boiling alcohol; separates the green flocks, which fall down as the 
tincture cools; and evaporates tho filtrate to dryness. From the residue, boiling water 
extracts a Bmall quantity of picrocrythrin ; the solution then prepared with cold 
alcohol deposits, on addition of alcoholic neutral acetate of lead, greenish-white flocks 
of roccellate of lead, which are decomposed by nitric acid; and the acid thus sepa- 
rated is purified by recrystalliaation from boiling alcohol, with help of animal charcoal. 

Properties . — Koccellic acid forms delicate, white, rectangular, four-sided plates, 
having a silvery lustre; from alcohol it separates in short needles. Melts ut 132° to 
a colourless liquid, which solidifios in the crystalline form at about 108°. At a tem- 
perature somewhat below 20flt°, a portion volatilises, while another portion is converted 
into an anhydride (Hesso). It is tasteless and scentless ; the alcoholic solution has an 
acid reaction. It is perfectly insoluble in water, dissolves in I '81 pt. of boiling ulcohol 
of specific gravity 0*819, easily in ether (Hceren); slightly in warm benzene. 
(Hesse.) 

Decompositions. — The acid heated to between 220° and 280° gives off water, turns 
brown, and leaves roccollic anhydride, C I7 1I*°0 3 (Hesse). By dry distillation it yields 
sharp-tasting products similar to those obtained from the fats (II ee re n) ; according 
to Schunck, a distillate which solidifies in the crystalline form, and after repeated dis- 
tillation, remains oily, leaving little or no residue. Koccellic acid is but little affected 
by reagents. It is not decomposed by bromine, sulphuric acid, or hydrochloric acid, 
and is but slowly oxidised b}' boiling with hydrochloric acid and chlorate of potassium. 
When boiled for a long time with fuming nitric acid, it gives off volatile acids having 
the odour of butyric acid, but does not yield any crystallisable non-volatile acids. It 
is but slightly altered by fusion with hydrate of potassium; heated with aniline, it 
forms roccellanilide. (Hesse.) 

Hoc ce Hates. — Koccellic acid decomposes carbonates. The r Decollates of the 
alkali-metals are soluble in water ; the other salts have for the most part the composi- 
tion — The barium-salt, C 17 H 3o Ba"0 J ‘, obtained by precipitating the am- 

monium-salt with chloride of barium, is a bulky white precipitate, somewhat soluble in 
boiling water, insolublo in pure alcohol, but easily soluble in alcohol containing acetic 
acid. — The calcium-salt , C IT H ao Ca"0 4 .H 2 0,is a white amorphous precipitate, which gives 
off 48 per cent, water at 160°, and decomposes at a higher temperature, givingoff acrolein 
and a combustible gaB (Hesse). —A basic lead-salt , 2C l7 H w Pb"0 4 .Pb , 'H a 0^2H a O» 
is obtained by precipitating alcoholic roccellic acid with a warm alcoholic solution of 
neutral lead-acetate, as a white powder which gives off a small quantity of water at 
Vol. V, I 
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100°, then 8*8 per cent* at 125°, and melts at a higher temperature (Hesse). — The 
silver-salt, C^lI^Ag 2 !}*, likewise obtained by precipitation, is a white amorphous muss, 
which turns grey on exposure to light. (II esse.) 

Ethylic Roccellate , = C ,7 H* , (0*H 4 ) a 0 4 l obtained by passing hydro- 

chloric acid gas into a warm alcoholic solution of tho acid, is a pale-yellow oil, having 
a faint aromatic odour, lighter than water, insoluble in water and in aqueous ammonia, 
and not attacked either by aqueous or by alcoholic ammonia even after several month s’ 
contact, or when heated to 118°. It is easily soluble in alcohol, less soluble in other. 
(Hossc.) 

BOCCEUZO AKB7DRIDE. CW,- Obtained by heating roccellic acid 
to at least 220°, treating the fused brown mass with dilute soda-ley, then agitating it 
with other, and evaporating the decanted ethereal solution. It is a colourless or 
faintly yellow neutral oil, having a fatty odour; makes grease-spots on paper ; dissolves 
sparingly in cold, easily soluble in hot alcohol and in ether. Boiling mda-ky converts it 
into roccollic acid. The solution in warm ammonia-water mixed with hydrochloric acid, 
doposits white flocks, easily soluble in alcohol, and remaining, when the alee hoi is 
evaporated, as a aemicrysta llino acid oil having a burning tasto: probably a mixture of 
roccellic and roccellamic acids. (IIosso.) 

ROCCSUIC ETHER, (vid. tniy.) 

BOCCEIiliXMrXXr. C ,B H ,c 0 7 ? (Stenhouso, Ann. Ch. Pharm. lxviii. 69.)— A 
ctystallino substanco obtained, together with 0-orsellic acid (iv. 286), from liocvcUa 
tinctorm. To prepare it, tho gelatinous mass obtained by precipitating the lime- 
oxtraet of the lichen with hydrochloric acid is boiled with alcohol, whereby the j9- 
orsellie acid is transformed into orsellinate of ethyl (iv. 236), while the roccelliniii 
remains unaltered. Tho product is treated with boiling water, which dissolves out all 
tho ct.hylic orsollinnto, leaving the roecellinin undissolvod. 

RocedJinin crystallises from boiling alcohol in silky needles, nearly insoluble in cold 
alcohol and other. It gives by analysis 62-44— 02 67 per cent., carbon, and 4 65— 4-90 
hydrogen, tho formula CTt^O 7 requiring G2'8 C, 4-7 IT, and 32 5 O. It is easily 
dissolved by ammonia and tho fixed alkalis : the solutions do dot become coloured on 
exposure to tho air. It is not attacked by baryta or by boiling potash. It does not 
precipitate metallic solutions. Hot nitric acid converts it into oxalic acid. 


ROCHSX'l.ZS-Si&XT. Sodio-potassic tartrate. (See Tartaric Acid.) 
ZZ.OCHXiAN’DITXj, Syn. with Serpentine. 

ROCK-CORK. A varioty of asbestos (L 415). 

ROCK-CRTSTAXt. Pure crystallised silica. (See Quartz.) 

BOCK-MILK, or Agaric Mineral . A looso friable variety of limestone (iii. 

fayo). 

ROCK-SALT. Seo Sodium, Chloride of. 

ROCK-SOAP. A variety of bole. 

RSMERITE. A hydrated feiroso-ferric sulphate, occurring on the Remmelsberg, 
near tioslar, in monoclimc crystals, accompanied and interpenetrated by ferrous 
amt ferric sulphates. ( Tla/nvttiels berg' a Mineralchemie , p. 292.) 

RQSS&LBRXTE. A hydrated arsenate of magnesium, occurring, together with 
phnrnmcolLte and cobalt-bloom, in tho cupriferous shale of Biber, near Hanau. It. forms 
tlun fibrous or laminar plates, or dentiform and vermicular masses, apparently cleav- 
ablo in ono direction ; hardness (of the unaltered mineral) = 2 to 3. Translucent to 
transparent, coloiirless or white, with vitreous lustre. On exposure to the air it 
uecomos opaque, dull, and less hard, apparently from loss of water. Before the blow- 
pipe it gives up Us water and melts to a white enamel. Dissolves easily in hydro- 
A*!* 14-Sl fi-2? m ' . t b 1 ! r08b - i 86 , 1 - P- 10 «D. Contains, according to ftelffi., 40-16 

2M^'0 As*0* 1 fll*o rlth traC ° ° f C ° balt> a “ d 46 62 watOT ( “ 100 )' whence the formula 

A mineral, consisting essentially of hydrated nickel-silicate, 
Tr q C011 ;?“‘' P*. vdratlKl nickel-phosphate), in the Hans-Qeorg mine 

near Bott.s, « the Saxon Voigtland. It forms thick lenticular and iredge*hap«l 

Zsinn STST ZHA""* "T”! ^ Und,; is of an emerald-green colour, rawly 
Z r m a ^f t ? l °f? Cn , ; -.' 1SUa ly d ' dl and °lWe, bnt translucent on the edges ; 
duck am 7. Z 8 P , “ s w wlt , h mo ' l ‘‘ rnt « facility. Fracture conchdidal to earthy. 

A^-;; k f rt> a - 8 T ' Hurdn , PSS " 2 ,0 3 - Specific gravity = 2366 to 2 370. 
A. w inckler found m lumps translucent on the edges : b , * 
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NiO CoO CuO Fe*0* A1*0* SiO* P*0* As s O‘ SO* H*0 

35-87 0-67 0-40 0-81 4-68 39 15 2-70 0-80 trace 11-17 - 9565 

Hence the mineral appears to consist essentially of 3(3Ni"0.Si0*).4H 2 0. (Br eith&upt 
• Jahresb. 1859, p. 791.) 

ROME.3TZOVXTE. A brownish lime-garnet from Kimito in Finland. 

2tOKEHfB v or ROIVKEXTE. A mineral found at St. Marcel in Piedmont, in 
groups of minute crystals in the gangue which accompanies manganese. The 'Crystals 
are dimetric octahedrons, having the basal angle = 110° 50' — 111° 20', and the angle 
over the summit 68° 10' — 69° 10' (Dufrlnoy), It scratches glass. Specific 
gravity iu grains = 4*714; in powder = 4*675. Colour, hyacinth or honey-yellow. 
Contains 15*82 per cent, oxygen, 62*18 antimony, 131 iron, 1*21 manganous oxide, 
16*29 lime, 0*96 soluble silica, and 1*90 insoluble silica s= 99*67 (or 40*79 Sb*0 A , 36*82 
SlrO 3 , 1*70 FeO, 1*21 MnO); and may be rcpreserled by the formula 3M"O.Sb‘O a .SlrO\ 
(Damour, Ann. Min. [3] xx. 247 ; [5] iii. 179.) 

ROS.A.N'IXrXirS. Anihne-red . See Phenyl am inf. 3 (iv 468). Nitrous acid con- 
verts it into rosolic acid. (Wanklyn and Caro, p. 117.) 

Hydrocyan-rosanilinc, C 2 ‘H ,JO N 4 ■= C* 0 Il ,9 N s .TICy. (Hugo Mill ler, Zeitsclir. 
Ch. Pliarm. 1866.)^-A base produced by addition of the elements of hydrocyanic acid 
to rosaniline, analogous therefore in composition to hydrocyanimnnnlino (iii. 8). It 
lias a great resemblance to leucaniline, the base formed from rosaniline by addition of 
hydrogen (iii. 574). It is prepared by treating a finely pulverised rosaniline. salt with 
alcohol and cyanide, of potassium (tho latter being added in the proportion of about if 
acetate of rosaniline is used) ; the resulting yellowish whito powder is washed on a 
filter with Alcohol, then dissolved in dilute hydrochloric acid ; tho solution is wanned 
and mixed with dilute alcohol; and tho base is precipitated by ammonia, mixed with a 
little cyanide of potassium or hydrocyanic acid, in case the solution should still exhibit 
a red colour from unaltered rosaniline. A white or yellowish-white bulky precipitate 
is thus obtained, which becomes crystalline after a while, and then quickly settles down. 
If it is coloured, it may be purified by resolution and reprecipitafion ; or the hydro- 
chloric acid solntion may be decolorised by treatment with animal charcoal. 

Ilydrocyan -rosaniline precipitated from the aqueous hydruchlorate by ammonia, 
forms a dazzling white opaque crystalline pou’der. From a warm alcoholic solution, it 
separates in small transparent monoclinic crystals, having a splendid diamond lustre. 
Alkalis added to a very dilute aqueous solution of one of its suits, separate the base 
either as a milky turbidity vr a curdy precipitate resembling chloride of silver. It is 
permanent in the dark, but becomes rose-red on the surface when exposed to sunlight. 
It is decomposed by fusion with potash, apparently with reproduction of rosaniline. 

ITydrocyan-rosaniline dissolves very easily in hydrochloric, nitric, and sulphuric 
acids, forming colourless crystnllisable salts. Tho hydrovhloralc separates from a very 
concentrated solution, in large apparently monoclinic crystals, permanent in the air, 
end very solublo in alcohol. The nitrate and sulphate are also very soluble, but more 
difficult to crystallise, the solutions having a great tendency to dry up to gummy masses. 
The solution of the hydrochlorate is not precipitated by chloride of platinum, but on 
evaporation, the vhloroplatinate separates as a heavy resinous body. A solution of 
potassic pivrate forms, even in very dilute solutions of the saltH, a yellow flocculent pre- 
cipitate, which at a gentle heat cakes together to a dark-yellow resin. 

ROSE, OZL OF, A volatile oil, extracted chiefly in Persia, India, and the State 
of Tunis, from several species of very odoriferous roses, especially Jlosa centi/olia , It. 
damnscena, li. mosekata. It is a thick yellow liquid, solidifying at low temperatures to 
a buttery mass of transparent, colourless, shining laminae, wfiich docs not liquefy com- 
pletely again below 28° — 30°. The scent of tho oil is very fragrant when much 
diluted; but in the concentrated state it causes headache. The oil is a mixture, in 
variable proportions, of a camphor or steuropteno, and an oxygenated oil which has not 
been analysed Specific gravity of the crude oil = 0*87 (Chardin, Ann. Ch Pharm. 
vii. 154); 0*8912 at 15*5° (Gladstone and Dale, Chem. Soc. Qu. J. xvii. 1). Index 
of refraction at 25° «* 1*4567 for the line A, 1*4627 for D, 1*4835 for II. Molecular 
rotatory power 7°« (Gladston e and Dale.) ' 

Rose-camphor is very slightly soluble in alcohol, but very freely in ether and 
essential oils. It forms laminae, molting at 35°, and boiling between 280° and 300°, 
It is a hydrocarbon having the composition of ethylene (Saussure, Blanchet, and 
Sell). It is soluble in caustic potash and acetic acid ; veiy slightly attacked by hydro- 
chloric and nitric acid. 

Oil of roses is often adulterated with oil of geranium. According to Guibourt (J. 
Pharm. xv. 345), the adulteration may be detected, either by means of strong sulphuric 
Mid, which does not impair the purity and sweetness of rose-oil, but developee in 

1 2 
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gtTajiium -oil “ft strong disagreeable odour, even with very small quantities; or by exposing 
the- oil to iodine-vapour, which does not alter the colour of rose-oil, but colours gera- 
nium-oil a very deep brown ; or by exposing it to nitrous acid, which colours rose-oil 
deep yellow, and geranium-oil apple-green. 

BOSEZVS. Syn. with RosANarifE (iv. 468).— D. S. Price (Rep. Pat. Invent 
1860, p. 159; Jahresb. 1859, p. 760) applies the term especially to the rod dye 
obtained by treating sulphate of aniline with peroxide of lead. 

SOSEUTE. An arsenate of cobalt, occurring in small quantity , on quartz, at 
Schneebcrg in Saxony, in trimetric crystals, having tho angle ooP : ooP = 132° 48'; 
oP : Poo = 168 ° 2'. Cleavage distinct and brilliant, parallel to oo Poo . Hardness = 

3. Colour deep rose -rod. (Levy, Dana's Mineralogy, ii. 417.) 

3ftOSEX.ZiA.ir, or ROSITE. A variety of anorthite, from Aker in Sodermanland, 
Sweden, having a rose-red colour and granular structure. When heated, it gives off 
water mid becomes colourless; melts easily before the blowpipe. Contains, according 
to S van berg, 44*90 per cent, silica, 34*50 alumina, 0*69 ferric oxide, 0*19 manganic 
oxide, 3*59 lime, 2*45 magnesia, 6*63 potash, and 6*53 water, {ltammdsbcrtf s Mine - 
r alchemic, p. 592.) 

ROBEWCAftY, Oil* or. Obtained by distilling the fresh loaves and towers of 
Rosmarinus officinalis with water. It is transparent, colourless or yellow, of specific 
gravity 0 88 to 04)1 (Zeller), 0*9080 at 15*5° (Gladstone and Hale). Boils at 
1C5°— 168° (Kano) ; noulral ; lias a camphorous taste, and the odour of the plant. 
.Index of refraction at 16-5° -1*4632 for A; l*4C.88forI>; 1-4807 for 11. Optical rotatory 
power = —17° (Gladstone and Hale). According to Lallemaml. on the contrary, 
it is dextrorotatory. 

Oil of rosemary is blackened by strong sulphuric acid; tho mixture saturated willi 
lime yields tins calcium-salt of a peculiar acid (Un vordorbon). The mixture of rose- 
rmiry-oil and sulphuric acid yields by distillation an empvmimatic oil (Kanes 
ros marine) having tho alliaceous odour of inesitylone, a specific gravit v of 0*807, 
boiling at 173°, and isomeric with turpentine-oil. (See Gindins Handbook] xiv 396 ) 
According to Lai loin and (Ann. Oh. Pliys. [3] lvii. 4041, oil of rosemary may be 
separated by fractional distillation into two oils, uuc boiling at 165°, the other between 
200 J and 210°. — a. Tliu former is a mobile hydrocarbon, which turns the piano of 
polarisation to the left; it unites with hydrochloric acid, the combination being attended 
with rise of temperature, and forms a compound, which remains liquid if left to itself, 
but when treated with nitric acid, yields a considerable quantity of a crystalline hydro- 
nl> ( rn« identical with hydmehlorato of turpentine-oil, or artificial camphor, 

i ■ i ^ \ quickly absorbs moist oxygen in sunshine, forming crystals, 

which arc similar to those produced in like manner from oil of turpentine, but disappear 
if subjected to the further action of oxygen, yielding a brown acid soluble in water 
It. The portion boiling botween 200° and 210° deposits, at low temperatures, a largo 
quantity of camphor, resembling common camphor in all respocts, excepting that it 
has rather less dextrorotatory power. An additional quantity of it may be obtained 
by treating the mother-liquor with dilute nitric acid. 

ROBEVITE, Syn. with Plaotonitr, 


ROBEO-CHROMIC SALTS. See Chkomtom (i. 951). 

ROSEO-COBALTIC SALTS. See Cohalt^bases, Ammoniacai, (i. 1052). "For 
“ B tho con «titution of these and other ammoniacai cobalt-compounds, 

nee Ann. Ch. Pharm. exxm. 33 ; Jahresb. 1864, p. 273, 

KOBE QUARTZ. See Quartz (p. 1). 

ROSETTE-COPPER. See Ootteh (ii. 33). 

„ 0X11 ° r ; d h '!'. n ligni rh odu .—. A volatile oil obtained from rose- 

wood (C, mvoh’u/us scoparuw), by di«tillation with water. It is pale-yellow, somewhat 

smells ,T\TrV° "'T »’, of o h y <1rocarljon . C M H W , which boils nt 249°, and 
?“ ’; k “ ,u8p f"'*l sandalwood. Specific gravity of the crude oil . 0-9064 at 16-5°. 

lndmtof ref, -ache, at 17° = l-4R43forA; 14903 for D; 1-6113 for H Or.tieu 
J°^ r >'.P°7 r “ -W° (Gladstone and Dale). Rosewood -oil is somcimes^d 
for adulterating o,l of roses, which thereby loses its buttery consistence. 

ROSXTE. Syn. with Rosellxn". 

wdL-iTrr 1 produced by the oxidation of phenol in presence 

oS^by 1 ^^^ wf ■ T tth vV ,ct , s 

Over'aud^ br-urioIiorK-iU^i _f^i4 tlmsiotjtjii'nj.L is^UKt.Ulrill^wi tlfwlitor.'j'ilioiicil 

ovtr, and a pitch} re&iduo is left, containing rusolic and bru nolle acids. *This residue, 
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dissolved in alcohol and mixed with milk of lime, yields a rose-coloured solution of 
calcic rosolate, and a brown precipitate of calcic brunolate. The solution ovanorated 
to a Byrup, and mixed with a third of its volume of alcohol, deposits, after a few davs 
rose-coloured crystals of calcic rosolate, from which the rosolic acid may be separated 
by acetic acid(Runge). To obtain the rosolic acid pure, the treatment with lime and 
alcohol, and the decomposition of the calcium-salt by acetic acid, must bo repeated 
several times; and finally, the alcoholic solution of the acid, which is still not quite free 
from lime, must be mixed with a little hydrochloric acid, and diluted with a hwo 
'quantify of wafer: the rosolic acid then separates out pure. (Hugo Mil ller, Cliem 
f*><\ Qu. J. xi. I : sec also Tscliclnitz. J.pr. Chcm.lxxi. 41 6; Jahresb. 1857,p.447.) 

Rosolic acid is more easily prepared by heating phenol withcortain metallic oxides 
in presence of an alkali. It. Angus Smith (CJiem. Graz. p. 20), obtained it by heating 
phenol with soda and peroxide of manganese ; but it ig difficult to free the product 
from the raanganato of sodifim formed at the same time. An easier process is that 
given by Jourdin (Rep. Chim. app. iii. 217), who uses mercuric oxide instead of* 
manganic peroxide. The action, which takes place below 150°, is complete in about ten 
minutes, and the solution decanted from the Reduced mercury contains pure rosolate of 
sodium. Rosolic acid is likewise produced, with evolution of hydrochloric, acid, by 
heating phenol with mercuric chloride (Jourdin); also, according to Schiitzon- 
berger and fcengcnwald (iv. J394), by heating di-iodophenol in contact with the 
air.* 

According to Wanklynand Caro, rosolic acid is closely related to rosanilinc (iv. 468), 
and maybe produced by adding a solution of a nitrite to any salt of rosaniline, and 
boiling the solution. During the boiling, a copious evolution of nitrogen occurs, and 
1 ho rosolic acid gradually separates out in the form of a pitch, with a cantharidos-like 
lustre. The reaction probably takes place by two stages, as follows : — 

C Co JI , *N* + 311 NO 2 = C 20 (H ,0 N®)N a + GII*0. 

JtoRUiiilitU’. Azorosnnlline. 

+ 4 IPO - O’°H I8 0* + 3N* 

Azorosuniline. Rosolic acid. 

Rosolic acid is a dark- coloured amorphous substance, having a greenish lustre, and 
yielding a r<*d powder; in thin films it exhibits a rod colour by transmitted light. It 
1 t;ikes togrt her at about 60°, and melts in boiling water to a dark-green, nearly black liquid. 

It is not volatile, and not easily combustible. It dissolves readily, with brownish-yellow 
colour, in alcohol and ether; also in phenol, in wood-creosoto, in strong acetic, hy- 
drochloric, and sulphuric acids, and is not quit© insoluble in water; chloroform, benzene, 
si fid sulphide of carbon do not dissolve it (lingo Miiller). Its composition lias not 
been fixed with certainty. According to the mean of Muller’s analyses, rosolic acid dried 
over oil of vitriol contains 76*92 per cent, carbon and 6*83 hydrogen, agreeing nearly 
with the empirical formula C 23 I1 2 W, which requires 76*27 C, 6*05 H, and 17*68 O. 
Angus Smith proposed the formula C ,2 H ,2 O a (requiring 70 '6 per cent, carbon), and 
Dusart (Rep. Chim. app. i. 207), from his own analysis (not given), deduces the 
formula C B H®0* f requiring 65*4 per cent, carbon. According to Wanklyn and Caro, 
the true formula is probably C*°H 1H 0 4 ( vid. sup.). 

Rosolic acid distilled over excess of soda-lime yields phenol, a portion, however, 
suffering further decomposition (Dusart). According to Wanklyn and Caro, it yiolds 
phenol by distillation per se. It is easily attacked in alcoholic solution by chlorine 
mid bromine, also by nitric acid when heated, forming a li glit-yellow substance, which 
dissolves in caustic alkalis, but not with red colour. It is not acted upon by a solution 
of glucose in caustic potash (Muller), and is not decolorised by sulphurous acid 
(Dusart). When boiled witii aniline and little benzoic acid, it forms a splendid and 
very permanent blue dye, the reaction not be ing attended with ©volution of ammonia, 
but apparently with separation of water. (Wanklyn and Caro.) 

Rosolates. — Rosolic acid is a very weak acid, weaker even than carbonic acid. It 
unites with ammonia, the fixed alkalis, and the alkaline earths, forming dark-rod 
compounds, soluble in water and alcohol, and very easily decomposed by exposure to 
light and air, being partly converted into carbonates, and losing their colour. — The 
etirmine-red solution of rosolic acid in alkalis is decolored by boiling with zinc-powder, 
but the colour is restored by addition of ferricyanide of potassium. (Wanklyn and 
Caro.) 

The calcium-salt separates on carefully evaporating its solution in a vacuum over 
lime, as a granular or crystalline powder, which when pressed resembles carthamin. — 
The magnesium-salt is the most stable of the rosolates. The soluble rosolates do not 
form precipitates with the salts of the heavy metals, not even with basic acetate of 
lead ; neither does rosolic acid combine with alumina. (H. Miiller.) 


* Communication from Prof. Wanklyn. 
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HOTSOFEKITII. A name of garnet. 

yOf Tt.BBA. The fruit of Bottlera tinctoria, a tree growing in all parts of India, 
is covered with stellate hairs and glands, which, when brushed off, form a brick-red 
sandy powder, used in India as a dye, and lately introduced into medicine, under the 
name of Kamila, as a remedy for tapeworm. It has an aromatic odour, is but slowly 
wetted by water, and yields but little to boiling water, colouring it only a pale-yellow; 
but alkaline carbonates and caustic alkalis, especially the latter, extract the colouring 
matter, forming deep red solutions. The extract prepared with soda imparts to silk a 
fine and durable fiery-orange colour, without further addition or the use of mordants; 
with cotton, on the other hand, it does not produce a good colour. The natural dye- 
stuff contains 349 percent, water, 7819 resinous colouring-matters, 7 ‘34 albuminous 
substances, 7*14 cellulose, and 3*84 ash, besides small quantities of Tolatile oil and a 
volatile colouring matter. (The liquid distilled from the alcoholic extract has a yellow 
colour, and the odour of the original substance). The concentrated ethereal extract 
■ of the colouring mutter deposits a yellow crystalline substance catted Bottlerin (vid.inf.). 
The extract prepared with boiling alcohol deposits, on cooling, non-ciwstalline flocks _ 
of a substance having the composition of C' :, H 8l Ob It may be obtained, nearly colour- 
less, by repeated solution and separation ; is sparingly soluble in ether and in cold 
alcohol, insolublo in water ; not precipitated by load- or silver-salts. The alcoholic 
solution separated from these flocks leaves a dark-red resin, C so H 8t> 0 7 , soluble in all 
proportions in alcohol and ether, insoluble in water, melting at 100°, and forming with 
acetate of lead, a deep orange-coloured precipitate of variable composition. (Anderson, 
.Ed in b. New Phil. Journ. now series, i. 300; Juhresb. 1855, p. 669.) 

O. Loube, Jun. (Vierteljahrschr. pr. Pharm. ix. 321 ; Jahresb. 1860, p. 562) has 
also examined the rod colouring matter of Bottlera tinctoria , but with very different 
|_and doubtful] results, not having even succeeded in preparing the crystallised 
substance rottlerin. lie found in the deep red powder 47*6 per cent, resinous 
substances, 197 of other constituents extractable by solvents (extractive matter, 
oxalic acid, albumin, ulmic acid, and inorganic salts), 7‘7 fibrin, and 25 0 [insoluble] 
mineral substances. The resinous substance extracted by ether was resolved by treat- 
ment with cold alcohol into two resins, one easily soluble, the other sparingly soluble, 
in that liquid. The former, melting at 80°, contains C ,5 H 1B 0 4 ; the latter, molting at 
191°, contains C B Il l2 0\ Both are brittle, reddish-yellow, dissolve with fine red colour in 
cold potash-ley, alkaline carbonates, and ammonia, and are separated therefrom by 
acids without alteration ; they are not altered by boiling with dilute sulphuric acid, 
but nitric acid decomposes them, with formation of oxalic acid. The ash, amounting to 
28*86 per cent, of the rod substance, was found to contain 0*9 per cent, potash and soda, 
0*2 magnesia, 4*1 lime, 0*7 manganic oxide, 8 5 ferric oxide, 1*2 soluble silica, 83*8 in- 
solublo silica [it was probably mixed with sand], and traces of chlorine and sulphuric 
ucid. 


XOTTIESnr. C ,l H ,0 0*. (Andorson, loo. cit .) — This substance separates 
from the ethereal extract of the colouring matter of Bottlera tinctoria , in yellow silky 
crystals, which aro insoluble in water, sparingly soluble in cold, more easily in boiling 
alcohol, molt when heated, and then decompose. It dissolves in alkalis with deep 
rod colour. Its alcoholic solution is not precipi tated by acetate of lead. With bromine 
it forms a colourless ^ substitution-product ; with nitric acid, first a yellow rosin, and 
then oxalic acid; with cold concentrated sulphuric acid, a yellow solution, which 
when heated becomes darker and gives off sulphurous acid. 


&OTJCOT7. Syn. with Am? otto (i. 307). 

ACID. The name given by Berzelius to the compound 
C*i! HS or Cy*.2H a S. (See Cyanogen, Suuphydbates of, ii. 285.) 

RVBSliLAir. An altered biotifo (iii. 1013), occurring in small hexagonal forms, 
ot a red colour, m a kind of wacke. (Dana, ii. 2£0.) 

RVBBKIITBi Red tourmaline. 


DUBaRYTHKXC ACID. A yellow substance existing, according to Ho oh- 
lecUr (Ann. Ch. I’harm. lxxx. 321; lxxxii. 205), in madder-rat. To prepare it, the 
mtoTwhf-hretr " °r r °° t 18 FV^Phwted hy neutral acetate of lead ; the preeipi- 

I.. ? tlZ h ru f ' 8 f ° r I*" FJ'P“ ra tion of alizarin and purpurin), is collected on a filler ; 

Sal t - 


j . ■» i i x . . . — «. uul ju caucbs, wuuui uifows a own a 

dark, flesh-coloured, nearly bnck-red precipitate, containing ruberythric and rubiohloric 
of citric and phosphoric acids. This precipitate is bus- 


° f ?\ rlc anQ P'>°apnorie acids. This precipitate is sus- 
, i^lt d 7rJ p0W i y 8 , ul ,P}\y dric “ id ; the solution, chiefly containing 

reigns aMwlre*. *7“ ? 1 P U de of ««“» > “ d ‘ho ruberythric acid, whicl 
rt morns atlathed to this leud-pm-.pitate, is extracted from it, after washing for a short 
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timo, by boiling with alcohol. The alcoholic solution evaporated to one-third, then 
mixed with water and a small quantity of baryta-water, deposits a scanty white preci- 
pitate; and the filtrate,. treated with a latter quantity of baryta-water, yields ruborytli- 
rute of barium in dark cherry-red flocks. These are collected and dissolved in 
dilute acetic acid ; and the solution is nearly neutralised with ammonia, and precipitated 
by basic acetate of lead, whereby a cinnabar-coloured lead-salt is obtained, which 
must be washed with dilute alcohol, and decomposed under alcohol by Bulphydric ucid. 
The liquid heated to the boiling-point with the sulphide of lead, then filtered hot and 
evaporated, deposits light-yellow crystals of ruberyfchric acid, which may be purified 
by pressure and recrystallisation from a small quantity of boiling water. — 2dlbs, madder 
yield 1 gramme of the acid ; Levantine more than European madder. 

Kubery thric acid forma yellow prisms having a silky lustre. It has a faint taste ; 
dissolves sparingly ijfc cold, easily in hot w r ater ; with gold-yellow colour in alcohol mid 
ether, with blood-ied colour in aqueous alkalis ; forms red precipitates with baryta- 
water, with alum-solution after addition of ammonia, and with basic acetate of lead, 
after addition of a little alcohol. Boiling aqueous ferric chloride dissolves it, forming 
a dark brown-red solution, which is precipitated by alcohol. 

Ruberythric acid contains, according to Rochle.de r’s analysis, 64*48 per cent, carbon 
and 5*16 hydrogen, agreeing nearly witli the formula C sa H J0 O w (calc. 54*64 C, 5 0/) II, 
and 40*41 O), or with C 8 *!!* 2 !) 31 (calc. 54*64 C, 5 04 H, and 40*32 O). The percentage 
composition is nearly the same as that of rubian (p. 123); in fact, Rochledor regards 
rubian as merely impure ruberytlirie acid. Schunck, on the contrary, did not find rub- 
crythric acid in madder, and is of opinion that, in the preparation above described, 
products of the decomposition of rubian must have boon obtained. 

Ruberythric acid heated in aqueous solution with hydrochloric acid is resolved into 
alizarin and glucose. The reaction may bo represented, according to lioehloder, by 
either of the equations : 

C 88 H 40 O*° = 3C ,8 H g O* + C a H ,2 0* + 5IFO. 

Kuberythric Allzariu. Glucose, 

acid. 

or: 3C* 6 H B2 0* 1 = 12C ,0 II c O s + 8C a JT 2 0 8 + 9IFO. 

The aqueous solution boiled with alkalis also deposits alizarin on addition of an acid. 
(Rochledor.) 

RITBXA. See Madoek (iii. 740). 

RtTBXACXC ACT'D. An acul produced, according to Schunck (Ann. Oh. Phtirin. 
lxvi. 201 ; lxxxvii. 344), by boiling rubiacin or rubiafin, or the brown flocks thrown 
down by hydrochloric acid from spent madder-liquor, with ferric nitrate or chloride. 
The resulting brow n-red solution, mixed with hydrochloric acid, deposits brow n flocks 
of impure rubiacic aeid, which maybe purified by solution in boiling aqueous carbonate 
,of potassium, and reprecipitation with an acid. It is a 1 onion-yellow amorphous powder, 
slightly soluble in boiling water, and converted by sulphuric acid, first into rubiacin, 
then into rubiafin. Contains, according to Schunck, 67*6 per cent. C, 2*9 H, and 39 5 O, 
which he represents by the formula C^lPO 17 or C*fH , ®0 ,T , requiring 57*0 O, 2’7H, 
and 40*3 O. The potaesi uni-salt forms brick-red needles or prisms, containing 13*04 
per cent, potash, the formula C^IPKO 17 requiring 12 "68 per cent. 

KUBI&CX1T. Madder-orange. Krapp-orange . (Run go, J. pr. Chem. r. 367 ; 
Rnbiquet, Ann. Ch.Phys. lxiii. 311; Higgin, Pliil. Mag. [3] xxxiii. 232; Schunck, 
Gmelin’s Handfjook , xvi. 47.) — A yellow, cry st all i sable colouring-matter, discovered by 
Rung©. It exists in madder-root, probably as a calcium-compound, from which it sepa- 
rates a& the extract turns sour. It is also produced by the action of alkaline hydro- 
sulphates on rubiacic acid (Schunck), and by heating Higgins* xanthin (q. v.) 
witli strong sulphuric acid, and by the spontaneous decomposition of that substance 
which takes place when an aqueous extract of madder is left to itself. Rubiacin is 
found partly in the precipitate produced by acids in the decoction of madder, partly in < 
the residue left after exhausting the root with water, and may bo obtained in the pure 
state by conversion into rubiacic acid and subsequent reduction of that compound. 
(Schunck), It may also be prepared from the madder-liquor of the dye-houses, by 
mixing the liquid with hydrochloric acid, treating the resulting precipitate with bod- 
ing alcohol, ^dissolving the orange-yellow powder which separates on cooling, in boil- 
ing alcohol, and adding stannous oxide to the solution. The hot . filtrate deposits 
rubiacin. on codling, in splendid light-yellow plates and needles, having a strong we- 
dish-green Instre like iodide of lead. When heated, it sublimes completely in yellow 
scales (Schunck). It is slightly soluble in boiling water, more soluble in ’boiling 
ulcohol. It contains 67‘1 per cent, carbon and 4 0 hydrogen, whence Schnnck doduica 
the formula C* , H ri O la (calc. 67'8 C, 3 9 H, 28 3 O). 



120 . RUBIADIN— rubiadipin, 

Eubiacin dissolves in strong sulphuric acid, forming a yellow liquid, which inay be 
heated without decomposition. Strong nitric acid attacks it at the boiling heat. It 
dissolves in ferric chloride or nitrate, forming a brown solution, which on addition of 
an acid, turns yellow and deposits flocks of rubiaeic acid. It dissolves m alkalis, 
forming purple solutions, from which acids throw down yellow flocks. The alrtmoniacai 
solution forms dingy-red precipitates with the chlorides of barium and calcium.^ 

Hydrate of aluminium introduced into an alcoholic solution of rubiacin acquires an 
orange tint, and decolorises the liquid. The alumina-precipitate dissolves easily in 
caustic potash, forming a purple solution. A piece of mordanted calico is scarcely 
coloured by rubiacin suspended in boiling water. (Scliunck.) 

RUBXADZV, C"'H H 0 42 . (Schunck, Phil. Mag. [4] v.410, 49o;xii. 200, 270.) — A 
body produced, together with glucose, by the action of alkalis on rubiacin (respecting 
its mode of formation, see MAimrcii, iii. 746) ; also in the decomposition of rubihydran 
or rubidchydran by dilute hydrochloric or sulphuric acid. 

Preparation : 1. When rubian is boiled for some time with caustic soda, a precipi- 
tate is formed, consisting chiefly of, the soda-compound of alizarin (i. 114); and the 
alkaline mother-liquor, mixed with dilute sulphuric acid and a large quantity of water, 
deposits yellow flocks containing alizarin, rubiretin, verautin, and rubiadin, while 
glucose remains in solution. The flocks are treated with boiling alcohol, which dis- 
solves them, leaving only a brown substance formed from the sugar ; and the filtered , 
liquid is treated with acetate of aluminium, whereby the alumina -compound of alizarin ' 
is precipitated, together with a small quantity of verantin. 

The mother-liquor is then mixed. with acetate of lead, which throws down i^nretisy 
and verantin as a brownish-purple precipitate (see Ruriketin), while rubiaditi feu|aind 
in solution, still mixed, however, with a small quantity of rubiretin. J5y precipitating 
the solution with a large quantity of water, dissolving the yellow flocks thereby obtained 
in the exact quantity of boiling alcohol required, and digesting with hydrate of lead . 
(or stannous hydrate), tlic rubiretin is removed, and the hot-filtorod solution deposits 
rubiadin on cooling; an additional quantity of that substance, but in an impure stato, 
is obtained by evaporating the mother-liquor. * This latter product may be purified 
by sublimation. " v* 

2. An aqueous solution of rubihydran (p. 131) is boiled with' hydrochloric or sulphuric 
acid till it becomes colourless, and no larger deposits yellow flocks or a brown tfwjuu 
Those flocks are a mixture of rubiretin, verantin, and rubiadin, with a small quantity of* 
alizarin ; the alizarin may he separated by acetate of aluminium, and then the rubiadin,., 
in the same manner as from the mixture of these bodies obtained by the first jnethdd, 
llubiadin. crystallises in yellow needles, or in rectangular plates, which are 
insoluble in water, more soluble in alcohol than rubianin.* Strong sulphtinc acid*d\p- 1 
solves it, with yellow colour ; aqueous ammonia and carbon atoof sodiutn dissolver ft at 4 
the boiling heat, with blood-red colour. It is procipitated by' chloride of barium, ’Chlo- 
ride of calcium, and cupric acetato, not by acetate of of lead; does not dissolve fn fuyrfo 
chloride. ’ 5 " 

Rubiadin gives by analysis 09*6 per cent, carbon and 5‘ 1 hydrogen, whofcee S$i«nck 
deduces the formula C n H u O* (calc. 69*3 0, 4*7 H r and 26-0 O). It is more probably 
or C'W<0*. ' 

Cblororubladln, C 18 H 1S C10 5 . (Schunck, Phil. Mag. [4] xii. 270.) — Produced by 
boiling chlororubian (p. 124), with dilute sulphuric or hydrochloric acid. It is insoluble 
in wuter, but soluble m alcohol, whence it crystallises in broad shining needles or 
lamina?. The alcoholic solution reddens litmus. The compound dissolves u*. caustic 
soda with purple, and in alkaline carbonates with blood-rod colour. It gives by 
analysis 606 to 61*7 O, 4*2 to 4*3 H, and 11*2 to 11.0 Cl, which Schtmefe.jfepL’esents 
by the formula C™H'-ClO\ requiring 61*65 C, 3*85 H, 11*36 Cl,'*an&^-» O. The 
formula C ia R li ClO s requires 59*5 C, 4*0 H. aud 11*1 Cl. An am moniacatortel u tfr«^ of 
chlororubiadin mixed with chloride of barium, filtered from the flocks which Nritnla 
at first and left, to itself in a closed vessel, deposits long red needles, which when .dried 
at 100° contain 16*65 por cent. Ea"0, and may be represented by the formula*, 
C*»H”Ba"Cl»0** 2J?a'0. 1 - * ; 

RTTBZasIPIN. CP*H n O i 'i (Schunxsk, J. pr. Chem. lix. 474.) — A compound 
formed, together with many others, by the fermentation of madder. » . 4 

Erythrozym is added to aqimous rubian, and the liquid is allowed to stand' in a 
moderately warm place, until it has become tasteless and colourless, owing to the depo- 
sition of a brown jelly. If this deposit should not take place in 24 hours, more eryth- 
rozym must be added. Or madder is stirred up with cold or warm water, and left ip 
a warm place till a jelly is formed. In both cases tho mass is mixed with a little water, 
and the jelly is collected on a filter and washed with a small quantity of water. It 
contains alizarin, rubiretin, verantin, rubiafin, 'rubiagin, and rubiadipin, which are 
separated ns follows 
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The mass is well *boile3. with alcohol as long as the liquid acquires a yellow colour 
and acetate of aluminium is' added to tho filtrate, whereby alizarin, reran tin and 
rubiafin are precipitated in combination with alumina, but only partially. The whole 
* is then filtered (for. the further treatment of the precipitate, see below), and sulphuric 
acid and a large quantity of water are added to the dark brownish-red filtrate, whereby 
the whole of the dissolved substances are precipitated as a yellow powder, which, 
having been thoroughly washed with water, is redissolved in boiling ulcohol, and 
mixed with excess of acetate of lead. The dark purplo-red lead -precipitate, which is 
to be filtered boiling, contains alizarin, rubiretin, reran tin, and rubiafin ; the dark- 
yellow filtrate, rubiagin and rubiadipin. 

On mixing this filtrate with a largo quantity of water, a faintly orange-coloured 
precipitate is formed, consisting of the lead-compounds of rubiagin and rubiadipin; 
this precipitate is to bo collected and decomposed by boiling dilute sulphuric acid. 
The undissolvcd portion washed with water, then boiled with alcohol, yields to the 
latter, rubiagin and rubiadipin, both of which remain, after evaporation of the alcohol, 
as a soft, dark-brown, fatty mass, and may bo separated by' cold alcohol, which dis- 
solves chiefly tho rubiadipin ; tho undissolvcd rubiagin may be purified by recrystalli- 
sation from hot alcohol. 

liubiadipin is a semifluid, yellowish-brown, fatty substance, which does not harden 
even when heated for a long time. In boiling water it melts to oily drops, which rise 
to the surface. It 4s insoluble in water, soluble in alcohol and m alkalis, forming 
with tho latter a blood-red soapy liquid. Tho alcoholic solution forms, with neutral 
acetate, ollead, a blood- red precipitate containing 31*35 per cent, lead-oxide, whence 
Scnunok aefluces-the formula C m H* A O'.PbO. 

. BtrfiZAFUr, c^IPW? (Schunck, J. pr. Chem. lix. 465.) — A compound 
isomeric with rubiadiu, produced, as already mentioned, in the fermentation of 
riibian. The lead -precipitate, containing alizarin, rubiretin, verantin, and rubiafin, 
obtained as described in tho preceding article, is decomposed by boiling hydrochloric 
acid ; and tho precipitated yellow flakes are washed and covered with cold alcohol, 
which extracts rubiretin, leaving alizarin, rubiafin, and vorantin. On the other hand, 

: <tfe above -mentioned precipitate produced by acetate of aluminium, is decomposed by 
boiling, hydrochloric acid, whereby orange flakes are separated; and these are added to 
Ihe icliduo of alizarin, rubiafin, and verantiijfVhich was left undissolved by cold 
alcohol, and the whole is subjected to the following treatment The mixture is 
dissolved in boiling alcohol and mixed with acetate of copper, which forms a purple 
precipitate .containing rubiafite and verantite, with a small quantity of alizarite of 
copper, wmloyiliziirin alone remains in solution. Tho purple copper-precipitate, decom- 
posed by hydrochlpric acid, deposits insoluble red flakes, which, after washing, are 
dissolved ^boiling alcohol, and treated with hydrated stannous oxide ; whereupon only 
rubiafin remaijffe dissolved, and crystallises from the filtrate in brilliant needles and 
laminae, while ver An tin, together with a small quantity of alizarin, is precipitated as a 
staimag^xidalake (Schunc^k). See Verantin. 

Kubijjiu forms yellow shining plates and needles, sometimes star- or fan-shaped 
masses, which behave like rubiacin when heated with water, sulphuric acid, nitric acid, 
neutral acetate of lead, and cupric acetate, and likewise form rubiacic acid when 
* treated with ferric nitrate : in fact, rubiafin differs from rubiacin only in composition. 
It contains, according to Schunck, 69*3 per cent, carbon and 4*6 hydrogen (calc. 69*3 
. 0, 4*7 II, and 26*0 0). , v 

BU gxjj jp Ulf . (Schunck, J. pr. Chem. lix. 471.)— This is another of the. com- 
pounds produced* 4?y th* fermentation of rubian. For the mode of preparing it, see 
ItuBiADiPik (fefifeb It forms small yellow spherical granules, or concentrically grouped 
needles* It jwji£<5iibIo in boiling water, dissolves in boiling alcohol more easily than 
rubiadiu or r®aanin, and with yellow colour in acetic acid, from which it crystallises on 
pooling. iJfcafts, baryta-water, and lime-water dissolve it with blood-red colour. It dis- 
solves in cold oil of vuriol, with dark brown-red colour, and in boiling nitric acid, forming 
ft yellow liquid, whichdeposits shining crystals as it cools, \yhen boiled with ferric chloride, 

1 jt assumes adarker colour, but does not become purple-brown, like rubiafin and rubiacin. 
-The alcoholic solution "mixed with neutral acetate of lead turns yellow, and! then 
throws down orange-coloured grains, which dissolve sparingly in boiling, alcohol, 
v.-isily in an* alcdholic solution of neutral lead-acetate, jghgff property distinguishes 
rubiagin from rubiacin, rubiadin, and rubiafin. With cajole acetate, the alcoholic 
solution of rubiagin forms an orange-coloured precipitate. 

The composition of rubiagin is very uncertain* as it has ; not been obtained pure. 
Schunck found it to contain 68*10 per cent. 0 and 5*14 H. The formula C l *H l4 0 # , 
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which requires 6712 C, 4-80 H, and 27-99 0, would explain ifa tomatWftoa ruHa D( 

8S follows:— _ — . „ron _ c l, H ,, 0* 2C‘H J *0*. 

Rublagin. Glucose. 


2H S 0 


c* n u o u 

R i' i:ui. 

aTOIAW» C 28 H 3 *0 14 . A glucoside existing in madder-root, and yielding, under 

the influence* of acids, alkalis, or crythrozym (madder-ferment)— on the one hand, 
glucose, and on the other/alizarin, together with mbiretin, verantin, and other product*, 
varying according to the nature of the decomposing compound. It was discovered by 
Schunck in 1847. (For references to his memoirs, see Gmclm s Handbook, xyi. 32.) 

Preparation.— It is difficult to obtain this substance pure, inasmuch as it alters 
very quickly, and does not precipitate any metallic solution excepting basic acetate of 
lead, which when added to madder-extract, throws down other substances at the same 
time*. The best results aro obtained by taking advantage of the great affinity of 
rubian for porous bodies, especially for animal charcoal. 

One pound of Avignou-madder is exhausted on a cloth strainer, by pouring four or 
five quarts of boiling water upon it ,* the dark yellowish-brown, still hot filtrate iff 
mixed with an ounce of bone-charcoal, stirred, and left to settle; the still brown 
liquid is decanted; and the residue is collected and washed with cold water, till the liquid 
which runs off becomes green when boiled with hydrochloric acid <(from the presence 
of chlorogenin). The washed bone-charoal, if boiled with alcohol, as long as it 
colours the liquid yellow, yields to it the rubian which it has carried down; and on 
evaporating the alcoholic solution, tho rubian is left behind, but still impuro, contain- 
ing chlorogcnin. To remove tho latter, the impuro rubian, obtained in the manner 
just described, is again precipitated in tho same manner on tho previously used char- 
coal, which now takes up only tho rubian, and again extracted by boiling alcohol, 
this series of operations being repeated a third time with tho same bone-charcoal, in 
esse the alcoholic solution still contains chlorogenin.* On evaporating the alcoholic 
solutions, the rubian remains behind, still retaining a small quantity of a decomposition- 
product formed by the action of heat. This is separated, either — a. By evaporating tho 
greater part of tho alcohol, mixing the solution when cold with dilute sulphuric acid 
(which throws down the decomposition-product in brown resinous drops), removing tho 
sulphuric acid by carbonate of load, then filtering, and evaporating over tho water-bath; 
or— b. By precipitating tho solution with neutral acetate of lead, filtering from tho 
brown-red flocks which separate, and adding basic acetate of lead, whereby a com- 
pound of rubian with lead-oxide is precipitated, which must be washed with alcohol, 
and decomposed by sulpliydric or diluto sulphuric acid. In the latter case, the excess 
of sulphuric acid must be removed, as in a.— One cwt. of madder yields 1,000 grammes 
of rubian. w 


Tho following process serves at the same time for the preparation of alizarin, 
mbiacin, rubiretin, and verantin : — Coarsely pulverised madder-root is well boiled with 
waler (lib. of the root to 10 quarts of water) ; the liquid, after several hours’ boiling, 
is strained through calico (the rosiduo, exhausted with water, still contains alizarin and 
rubiaein) ; and tho liquid is precipitated with dilute sulphuric (or hydrochloric) acid. 
A dark- brown precipitate is thus obtained, which, when separated by decantation and 
filtration, and freed from excess of acid by washing with a quantity of cold water just 
sufficient for the purpose (a larger quantity dissolves rubiaein), contains soven substances, 
— viz. rubian, alizarin, rubiaein, rubiretin, verantin, pectic acid, and a dark-brown 
product of the decomposition of extractive matters. (The filtrate retains chlorogenin 
ami a small quantity of sugar). The precipitate, while still moist, is boiled with 
alcohol, as long us the alcohol acquires a yellow colour, and the liquid is filtered hot. 
(In tho residue there remains pectic acid and oxidised extractive matter). The dark- 
brown decoction, on cooling, frequently deposits verantin as a dark-brown resitfous 
powder, which must, be separated by filtration. The alcoholic solution, after being 
again heated to. tho boiling-point, is mixed and* digested with recently precipitated 
hydrate of aluminium, till tho solution is nearly decolorised, whereby alizarin, rubian, 
rubiaein, and part of tho rubiretin and verantin are precipitated, while another portion 
of tho two last-mentioned substances remains dissolved in alcohol. 

a. Separation of AU~arbi . — The alumina- precipitate, after being washed with 
alcohol, is addl'd to a concentrated boiling solution of potassic carbonate; the deep 
ml solution, containing all the other substances, is filtered from the* undissolvea 
compound of alizarin and alumina ; this substance is repeatedly boiled with aqueous 
potassic carbonate, till tho liquid, which runs off on filtration, exhibits only a faint 


mcAm'ph rub,nn and chlorogenin, whereas charcoal, which has 

ires 11? !im , out wilh alcoh °h precipitates only the former, or at least 

M noTt bn y of h r U f ^n7. t n ? g * lcobo h ,k *» best not to extract, for the purpose of purideetion, the 
«rorrubUn. 0f b takcn "** by frc,h ^e-charcoal, but to use this charcoal for the preparation of 
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purple colour ; the residue is decomposed by boiling hydrochloric 
thus separated is crystallised from alcohol. 


acid; and the alizariu 


0. Of Rubian,---The deep red alkaline liquid, filtered from the compound of alizarin 
and alumina, still retains m solution, rubian, rubiacin, rubiretin, and verantin, which 
may all be precipitated by hydrochloric acid, then collected and washed with cold 
water, till the liquid which runs off is free from acid. As soon as this point is attained 
the rubian, which is insoluble in acidulated water, begins to dissolve in the pure water 
imparting to that which runs off a yellow colour and bitter taste; so that at length it 
is completely dissolved, and may be obtained as a yellow extract, by evaporating tho 
filtrate. It still, however, retains pectic acid, which remains behind on dissolving the 
extract in alcohol, and from 5 to 8 per cent, ash, from which it cannot bo separated. 

7 . Of Rubiacin, Rubiretin , and Verantin . — The residue left after the rubian has 
been washed out, is mixed with that which remains on evaporating the alcoholic 
liquid above mentioned, containing verantin and rubiretin, and the mixture is treated 
with a boiling solution of ferric chloride or nitrate. Rubiretin and rubiacin then dis- 
solve (tho latter partly as such, partly convorted, with assumption of oxygen, into 
ferric rubiacate, p. 119), while verantin remains behind in combination with ferric 
oxide. The deep red-brown' solution is filtered after boiling for some time; tho 
residue is kept for the preparation of verantin; the rubiacin, rubiacic acid, and rubiretin 
are thrown down from the filtrate as a yellow precipitate, turning brown during 
washing; and this precipitate, while still moist, is dissolved in boiling alcohol, which 
takes up the rubiacin and rubiretin, and deposits the former, on cooling, in small 
lemon-yellow crystals. (The rubiacic acid which remains in solution is purified in the 
manner alrrady described, p. 119, — the cryst alii sod rubiacin by converting it into 
rubiacic acid, from which it may be again obtained as rubiacin). By further evapora- 
tion of the alcohol, a mixturo of rubiacin and rubiretin is obtained as a dark-brown- 
retl residue, which, when boiled with water, deposits dark* brown drops of rubiretin; 
whilst rubiacin remains suspended as a light powder, and may bo removed by decanta- 
tion. After boiling several times with water, as long as any yellow powder remains, 
mid then decanting, rubiretin ultimately remains in the form of a dark rod- brown 
mass. 


Properties ^ — Rubian is a hard, dry, brittle, perfectly amorphous mass, resembling 
dried varnish or gum-arabic, not at all deliquescent, transparent, and deep yellow iu 
thin layers, dark-brown in thicker masses. It is very soluble in water , somewhat less 
soluble in alcohol , and insolublo in ether , which precipitates it from tho alcoholic solu- 
tion in brown drops. The solutions are very bitter. 

Rubian dried at 100° (after deduction of 5 30 — 7'69 per cent, ash, consisting chiefly 
of calcic carbonate), contains, according to Schunck, 64*85 per cent, carbon, 5*57 
hydrogen, and 39*58 oxygen, whence he deduces tho formula C 2S H. 9 H) ,A , requiring 
55 08 C, 5*57 H, and 39*35 O. This formula serves to account for the several trans- 
formations of rubian observed by Schunck, supposing that the formula* assigned to the 
several products, alizarin, rubiretin, rubiadin, &c., are correct. This, however, is very 
doubtful, especially with, regard to the most important and best-defi ned of these 
products, viz. alizarin, to which Schunck assigns the formula C H H l0 O 4 , representing 
its formation from rubian by tho equation : 

C 28 H M 0 14 * 2C H H 10 O 4 + 7H a O. 


Other chemists, however, represent alizarin by tho formula C 10 H®0 # , which agrees 
nearly as well with tho results of analysis, and gives a clearer view of the other 
chemical relations of alizarin, especially to phthalic acid (i. 114). Hence Gerhardt 
(' Traite , iii. 492) suggested for rubian (dried at 100°) the formula C 1 6 H ,0 O 8 .^ H*0 , 
(requiring 55*87 C, 4*94 H, and 39*25 O), accordingto which tho formation of alizarin 
is represented by the equation : 

C la H lfl O* 4- H a O = C^HK)* + C®H ,2 0* 

Rubian. Alizarin, Glucose. 

It is not very easy to explain the formation of the other derivatives of rubian by 
Gerhardt 1 s formula, especially that of rubianic acid; but, as already observed, tba 
formulae assigned by Schunck to these compounds are very doubtful, many of them 
being founded on analyses evidently made upon impure preparations. The whole 
subject therefore requires further investigation. 

Decompositions. — 1. Rubian heated in a test-tube decomposes, and gives off water at 
130°; at a higher temperature, it emits orange-coloured vapours, chiefly consisting of 
alizarin, and leaves much charcoal. 

2. Heated on platinum-foil, it melts, swells up, bums with flame, and leaves a 
mixture of charcoal and ash. 

3. Aqueous rubian, evaporated by heat in contact with the air, deposits dark-brown 
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resinous drops, the quantity of which increases on pouring water 'upon the residue, and 
ug&w e ramrating, The drops of resin melt in boiling water, become brittle on cooling 
yield ; when heated in a test-tube, a copious, yellow, transparent sublimate, resembling 
rubiacin, and behaving in a similar manner to ferric chloride; they are probably, 
therefore, a mixture of rubiretin and rubiacin. 

4. Chlorine passed into aqueous rubian throws down yellow flocks of chlororubian, 
while glucose remains in solution : 

C Z8 H 34 0 ,s + 3H*0 + Cl 3 = CW*C10*MC1 + C*H>*O a . 

Rubian. Hj-drochlorate of 

chlororubian. 


The continued action of the chlorine ultimately produces perchlororubian. Chloride 
of lime converts rubian into phthalato of calcium. 

6. Aqueous rubian is not altered by cold nitric acid, but at the boiling heat red 
fumes are evolved ; and the rubian is completely converted into phthalic acid, without 
formation of oxalic acid or any insoluble residue. 

6. Oil of vitriol dissolves rubian, with blood-rod colour, and blackens it on boilingT 
with evolution of sulphurous acid. 

7. When aqueous rubian is boiled with dilute sulphuric or hydrochloric acid , the 
solution first becomes opalescent, and then deposits orange-coloured flocks, containing 
alizarin, rubiretin, verantin, and rubianin, while sugar remains in solution. [For the 
equations representing the formation of these products, see Madder, iii. 746.] 

8. In contact witli aqueous alkalis , alkaline earths , or the acid carbonates of the 
alkaline earth-metals , and air, rubian takes up oxygen, and is converted into rubianic 
acid, rubidehydrun, and rubihydran, — small quantities of acetic acid, rubiadin, and 
sugar being formed at the same time. 

a. Formation of rubianic acid: 


C“IP 4 0 ,s + O fi 

Hubidn. 

or 

C**H 3 *0 18 + O 

Rubian. 

/9. Of rubideliydran: 

C 28 H s, 0 ls 

7 . Of rubihydran : 

C 2 S I1 3 , 0 ,S 


= C“H*«0 14 + 2CO* + 2H*0 

Rubianic 

acid. 

= C 20 H 30 O 14 + C 2 H 4 0 2 . 

Rubianic Acetic 

acid. acid. 

« c 2 B n s 2 o H + ii*o. 

+ 3H 2 0 = C 2S H 40 0 18 . 


9. Ilubimi boiled with excess of caustic potash, or soda, dissolves with blood-rerl 
colour, changing to purple-red; and by continued boiling is completely resolved into 
alizarin, rubiretin, verantin, and rubiadin, which aro preci pi table by acids, and sugar, 
which remains in solution. Tlie same products are formed, though more slowly, by 
boiling with caustic baryta. [Madder, iti. 746.] 

Ammonta colours aqueous rubian blood-red, but does not decompose it, even at the 
boiling heat. 

Magnesia colours aqueous rubian blood-rod ; the carbonates of calcium and barium 
do not act upon it; aluminic, ferric, and cupric hydrates extract all the rubian from 

1 he alkaline solutions of rubian reduce gold-salts, but not silver or copper-salts. 
hrythruzym, added to an aqueous solution of rubian, diffuses itself through the 
liquid without dissolving, rendering it turbid and gummy, and converting it, after 
.standing for some time in a moderately warm place, into a brown jolly, like coagulated 
blood, containing yellow striae and flocks formed of long capillary crystals, till finally 
(more eryt hrozym being added if necessary) the liquid becomes tasteless and colourless, 
ana n gelatinous mass separates, consisting of alizarin, verantin, rubiretin, rubiafin, 
rum a gin, ami rubiadipm (iii. 746 ; v. 120). The solution retains sugar and pec tic 
a V. Inuring the fermentation, the liquid remains neutral, neither absorbing nor 
giving off gases : access of air is likewise unnecessary. 


Derivatives of Rubian, 

r*£nJ°** r U l ”• (Schunck, Phil. Mag. [4] iii. 200, 270.) — A com- 

( . mc 1 °8 ot her with glucose, by the action of chlorine on aqueous rubian. To 

1 tU - e *! mct « precipitated with neutral acetate of lead, the 

sulrdmrlc VI* 11 * ammonia » the resulting red precipitate decomposed by 

* ? blor, . n . e passed into the filtrate. The dirty yellow flocks of 
in ^ hl 5 h are Precipitated by the first action of the chlorine, are 

pure >’ eUow flocks of chlororubian, precipitated on 
g passage of the chlorine, are collected and crystallised from hot alcohol* 
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Chlorine-water gradually converts cMororubian iutoperchlororubian 
and gUoos“" C OT hydr ° cUorw acU ' il * ^Ived into chlororubiad 


By boiling 
in (p. 120) 


C^H^CIO 1 * = C lfl H n C10* + OR‘ 5 O a + 2H a O. 

With caustic soda it forms a blood-red solution, which after being heated for some time 
deposits dark red-brown flocks of oxyrubian, while sugar and its products of 
decomposition, together with verantin, rubiretin, and rubiadin, remain in solution. 

Oxyrubian , after boiling with hydrochloric acid, washing with boiling alcohol, and 
drying, is a yollowish-brown powder, which if five from chlorine, yields, when heated 
iu a test-tube, a yellow crystalline sublimate, easily soluble in alkalis. It is nut 
altered by sulphide of ammonium, but alkalis turn it red-brown. It contains, 
according to Schunck, 70*7 C, 3 0 II, and 25*4 O, which may bo represented by the 
formula C 22 H H 0*; it 8 formation may take place according to the equation : 

C^H^CIO 12 + NuIIO - C 22 H"O a + NuCl + 71h'0. 


Percklororubian, C <4 H 18 CI 18 0 ,s . (Schunck, loc. cit.)— -This compound, rocrystnl- 
lised from boiling alcohol, forms colourless transparent four-siiled plates, having a 
splendid iridescence. It is neutral, sublimes in micaceous scales when cautiously 
heated, is insoluble in water, soluble in alcohol and ether; gives by analysis 37*05 0, 
1*51 H, 44*40 Cl, the formula requiring 37*09 C, 1*2(3 H, 44*47 Cl, and 16*88 O. 

KUBIANIC ACI3>. C 20 H M 0 H ? (Schunck, Phil. Mag. [4] xii. 200, 270.)— 
An acid, produced, together with rubihydran and rtibidehydran, by the oxidation uf 
rubian in contact with alkalis (iii. 746). 

Preparation: l. From Bahian. — Carbonic acid gas is passed into a solution of 
rubian mixed with excess of baryta-water, till the baryta is converted into acid car- 
bonate, and the filtrate is left to stand in contact with the air. The liquid, after some 
time, becomes covered with thin scarlet films, presenting a crystalline appearance 
under the microscope (compounds of baryta with mbiunic acid and rubidehydran), moro 
of which arc obtained after longer standing, and again on evaporating the liquid, 
liimlly in tho form of red flocks, whilst rubihydran remains dissolved in the brownish- 
yellow liquid (sometimes also sugar resulting from a secondary decomposition). Tim 
col lee Led films and flocks are decomposed with dilute sulphuric acid; tho excess of 
that acid is precipitated by carbonate of lead ; tho precipitate is repeatedly boiled with 
water, till it exhibits only a faint reddish tint (in which state it contains no impurity 
except a small quantity of rubiadin, produced by secondary decomposition), and 1 be 
solution is Altered and evaporated ; a yellow-brown mass then remains, mixed with 
yellow needles, from which cold water extracts rubidehydran, leaving rubianic acid in 
the form of a yellow powder. This product is washed with cold water, and rocrys- 
tallised from boiling water, if necessary with aid of animal charcoal. 

2. From Madder, without previous preparation of Rubian . — Extract of madder pre- 
pared with hot water is precipitatod with neutral acetate of lead, then the filtrate with 
basic acetate ; and the latter precipitate, containing rubian and chlorogoniu, is decom- 
posed by cold dilute sulphuric acid, digested with carbonate of lead, and filtered. Tho 
filtrate,, treated with baryta- water, then with carbonic acid, as in tho first method, 
deposits, after standing for some time in contact with the air, rubiunato of barium and 
tho barium-compound of rubidehydran, to be treated as in 1, while rubidehydran and 
qlilorogenin remain in solution. 

Properties. — Rubianic acid forms lemon-yellow silky needles ; in the impure state, 
granules and a crystalline mass. Tastes somewhat bitter. Reddens litmus. 

It gives by analysis 5o*5 to 56 '6 per cent. CJ, and 5*4 to 5*6 H, whence Schunck 
deduces the formula C i2 H 3e O CT (calc. 56*0 C, 5*2 H, 38*8 O). The formula C ar H , “O u 
requires 65*1 C, 5*3 H, and 39*6 0. ' . 

Rubianic acid dissolves more easily in boiling than in cold water ; also m alcohol, but 
not in ether; does not dye mordanted fabrics. It dissolves without decomposition 
in hot aqueous phosphoric , acetic , oxalic, and tartaric acids. Its salts are red; those 
of the jnlkali-mtt(d8 are easily soluble ; the rest are formed by precipitation. 

Rubianic acid when strongly heated yields a sublimate of alizarin, and a residue of 
charcoal ; by boiling with cfrlute sulphuric acid it is resolved info alizarin ana 

» C ,4 H'K> 4 + 2C*K ,2 0** 


C^H^O 14 4* 2IF0 
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XroiAJTnffi A body obtained, together with alizarin, rubiretin, and verantin, 
by boiling aqueous rubian (or the extract of madder prepared with boiling water) with 
dilute sulphuric acid* The orange-yellow flocks thereby deposited, which contain the 
four substances,, are dissolved in boiling alcohol, the reddish-yellow solution is filtered 
boiling, and the residue is boiled with fresh alcohol as long as the latter acquires a 
dark-yellow colour. The yellow or brownish-yellow crystalline mass left in the residue 
is chiefly rubianin, which, however, may also be dissolved by frequent treatment With 
boiling alcohol, whence it crystallises on cooling, as well as from the first extracts. 
The solutions are left to cool, and the crystals of rubianin containing verantin aro 
separated from the mother-liquid (which, howovor, still contains a little rubianin), and 
dissolved in boiling alcohol ; the verantin is precipitated by acetate of lead, and the 
filtrate is left to cool, wheroupon it deposits crystals of rubianin. (See further Gindin's 
Handbook , xiv. 133, 134.) 

Rubianin crystallises in lemon-yellow needles having a silky lustre, and lighter in 
colour than rubiacin. It contains (at 100°) 67'G per cent. C and 5'42 H, whence 
Schunck deduces the formula C S2 H W 0 14 (requiring 58 ’0 C, 6*7 II, and 36'3 O. 
Gerhar dt {Traitt, iii. 493) suggested the formula C IO H I0 0 5 *= C u Xt*0* (alizarin) 
+ 2H 2 G (calc. 57*1 C, 4-8 II). 

Rubianin is more soluble in boiling water than rubiacin, less soluble in alcohol than 
rubiretin or verantin. Chlorine converts it into perehlororubian (?). It dissolves with 
yellow colour in cold oil of vitriol, and without decomposition in hot, strong, nitric 
acid. It is insoluble in the cold in junmonia, carbonate of potassium, and carbonate 
of sodium, but dissolves at the boiling heat, forming a blood-red solution, whence it 
crystallites after standing for some time. — The ammoniacal solution forms red preci- 
pitates with chloride of barium and chloride of calcium. The alcoholic solution does 
not precipitate neutral acetate of lead. Rubianin dissolves with dark-brown colour in 
a strong solution of ferric chloride, without forming rubiaeic acid. 

RUBICHLOZtlC ACID. (Roehlodcr, Ann. Ch. Pharm. lxxx. 327; R. 
Schwarz, ibid. lxxx. 333 ; Willigk, ibid, lxxxii. 339.)— This acid, perhaps identical 
with Sehimek’s chlorogenin (i. 921), is contained, according to Rochledor, in tho root, 
according to Willigk, in the leaves, of liubia tinctorum; also, according to Schwarz, 
in the herb of As per ul a odor at a, Galium verum, and G. aparine. It is found in traces 
in tho precipitate formed by neutral acetate of lead in the aqueous extracts of tho 
pl;mts just, mentioned; in somewhat larger quantity in tho precipitate produced in tho 
filtrate by basic acetate of lead; and chiefly in the precipitate thrown down by ammonia 
in the liquid filtered from the preceding precipitates, and still containing load. It is 
separated therefrom by sulpliydric acid. (For the dotails of tho preparation, seo 
Gindin's Handbook , xvi. 67.) 

Rubichloric acid is a colourless or slightly yellow mass, having no odour, but a faint 
nauseous taste; easily soluble in water and alcohol, insoluble in ether, coloured 
yellow by alkalis, not. precipitated by baryta-water. Its lead-salt, obtained by preci- 
pitating the ammoniacal solution with neutral acetate of lead, is a yellow transparent 
mass. Tlu* results obtained by its analysis aro so discordant that it is useless to quote 
them. The acid it self has not been analysed. 

Rubichloric acid heated with hydrochloric acid turns blue, then green, and deposits 
dark-green Hocks of chlororubin, with simultaneous production of formic acid; 
perhaps thus : — 

C H II» B 0 9 = C ,2 IP0 3 + 2CH 2 0* -f 2IFO. 

Iiubichtoric Chlororubin. Formic acid, 
acid. 


Cblororubln. — This body is likewise produced by boiling chlorogenin with acids 
(Sehunck). According to Jesse n (Wien. Akad. Her. xiv. 294), it is contained in 
Chinese yellow pods, tho fruit of Gardenia grandijlora> and may be prepared therefrom 
by distilling the alcoholic decoction in a stream of carbonic anhydride, to remove the 
alcohol, passing the liquid through a wet filter to free it from oil, and treating tho 
filtrate with neutral acetate of lead, which throws down colouring matters and tannic 
acd. On gently warming the filtrate with hydrochloric acid, and heating it to the 
boiling-pomt, alter removing tlio brown flocks which separate at first, chlororubin is 
deposited in dark-green flocks, which may be washed with water and dried in a 
vacuum. It then forms a blue-green, grass-green, or black-green powder, containing 
variable quantities of water. It is insoluble in water and in alcohol, but dissolves 
in alkalis forming a blood-rod solution, which is turned green by. acids. It gives by 
analyais : (?) 63_8 per cent. c , S-0 H (Debus); (i) 68 6 C, 4-4 H (Rochfeder); 
(c; 01*17 tv, o*l 11 (oenwarz). 

According to Roehlodcr, anhydrous chlororubin contains C’H’O*. and it is asso- 
ciated in a with l at., in b with £ at., and in c with 2at/water. According to y. Orth 
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(Wien. Akad. Ber. xiii. 510), it contains, after deduction of 5*9 per cent, ash, 74*8 0 
and 6*46 H, whence he deduces the formula C*"H i0 O 9 . 

inrsXDZSaYSRASr. C^H^O”. (Schunek, Phil. Mag. [4] xii. 200.)— Ob- 
tained in aqueous solution in t'ie preparation of rubianic acid, and partly purified by 
evaporation, solution in cold water, and precipitation with alcohol. It forms a reddish- 
yellow, transparent, non-deliquescont, bitter gum, yielding with water a yellowish solu- 
tion, from which it is not precipitated by any metallic salt, except basic acetate of lead. 
It gave by analysis 56*50 C and 5 65 H ; tho above formula, which is that of rubian 
minus 1 at. water, requires 56*75 C, 5*40 H, and 38 87 O. 

RVBXDZ1TC. C"H I7 N. (G. Thenius, IWp. Chim. app. iv. 181 ; Jahrcsb. 1861, 
p. 600.) — An organic base belonging to tho pyridine scries, C"H'-’ n - 5 N, and contained, 
together with sovoral other members of that series, in coal-tar. Tho method adopted 
by Thenius for obtaining these bases from coal-tar oil, and separating them one from 
tho other, is similar to that given by Grevilie Williams under Pioolink (iv. 636); 
consisting in combining the bases with sulphuric acid, liberating them by caustic soda, 
dehydrating them with caustic potash, and separating them by fractional distillation, or 
by fractional precipitation as platinum-salts. 

liubidine, so called from the tendency of most of its salts to assume a reddish tint 
on exposure to the air, is a colourloss liquid, having a faint odour and oily consistence. 
It is heavier than water (specific gravity = 1-017), slightly soluble therein, soluble in 
all proportions in alcohol, ether, and volatile oils. At 17° it thickens, but does not 
solidify. Boils at 230°. — With chloride of lime it produces a red colour, which does* 
not entirely disappear on addition of acids. Fir-wood moistened with hydrochloric, 
acid is aljso coloured red by it. The base precipitates alumina, chromic oxide, 
and ferric oxide from solutions of their salts, but not lime, baryta, or magnesia. 

Tho solutions of rubidiiie in acids leave, when evaporated over the water-bath, 
gummy masses, which solidify in tho crystalline form on standing over chloride of 
calcium. Tho hydrocMorate forms, with mercuric chloride, a double-salt which melts 
at 32°, and crystallises from hot water in needles, turning somewhat reddish in 
contact with tho air. The platinum- salt, 2C* 1J II , “NCl.Pt lv Cl\ is a reddish crystalline 
powder, insoluble in water, alcohol, and ether. With chloride of gold, tho solution of 
the baso in hydrochloric acid forms a yellow ish-red, sparingly solnblo double 
salt. 

RUBXSXUM. Symbol, Kb. ; Atomic Weight , 85*4. — A metal, belonging to tho group 
of elements which likewise includes lithium, sodium, potassium, and emsium. It was 
discovered by Kirchhoff and Bunsen in I860, by the method of spectral analysis. 
Its spectrum is chiefly distinguished by two bright red lines, situated beyond tho line A : 
hence the name of tho metal (pufitSoy, dark-red). 

ltubidium was first detected, together with caesium, in the mineral water of Piirok- 
lieim, in which it exists to the amount of 2 pts. in ten million. It ,has since been 
found in larger quantity, together with caesium and lithium, in several other saline 
waters (seo Cesium, i. 1113), and most abundantly in that of Bourbonne-les-Bains, a 
litre of which contains 0*034 grm. chloride of potassium, 0 032 grin, chlnridcof annum, 
and 0 019 grm. chloride of rubidium (Gran dean, Arm. Ch.Phys. [3] Ixvii. 155); and 
in that of Nauheim, the mother-liquor of which yields a residue containing in a pound, 

2 drachms 9 grains of tho chlorides of rubidium and caesium. (Bottger, Ann. Ch. 
Pharm. cxxvii. 368 ; cxxviii. 240.) 

Kubidium is also found in several lepidolites ; that of Kozena, in Moravia, contains 
0*24 per cent, rubidium, with only a trace of caesium; that of Hebron, in the State of 
Maine, 0*24 percent, rubidium and 0*3 per cent, caesium, The two metals likewise 
occur, though in smaller quantity, in the lepidolite of Prague, the petalito of TJto in 
Finland, the litliia-mica of Zinnwald in Bohemia, triphylline, and other lithia 
minerals. The melaphyre of Norheim, in which the mineral waters of Dimkhcim and 
Krouznach take their rise, contains, according to Laspoyres (Bull. Soo. Cliim. I860, 
i. 356) 0*00038 per cent, oxide of caesium, and 0*000298 per cent, oxide of rubidium. 

Lastly, rubidium has been found in tho ashes of many plants, and in the salin or 
crude potash obtained from the residue of the beetroot sugar manufacture (iv. 718). 
According to Gr&ndeau, the salin of the North of France contains 1*8 grm. rubidium- 
chloride in a kilogramme. Tho quantity of thiB salt annually abstracted from tho 
soil amounts to about 260 grms. per hectare, although the proportion of rubidium 
existing in the soil is too small to be detected, even by spectral analysis. Kubidium 
has also been found in tobacco-leaves, in coffee, tea, cocoa, and crude tartar. In 
minerals and mineral- waters, rubidium and caesium are always associated with lithium, 
end generally also with potassium and sodium; but plants have the power of assimi- 
lating two or three of these metals, to the exclusion of the rest ; thus tea, coffee, and 
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the Balin of beetroot contain potassium, lodium, and rubidium, but not a trace of 
lithium. 

Preparation , — The best source of rubidium, according to Bunsen, is the saline 
residue obtained in the preparation of litliia from Saxon lepidolites, and consisting of 
the chlorides of Bodium, potassium, and rubidium, with small quantities of chloride of 
caesium, and traces of chloride of strontium. The rubidium, is precipitated, together 
with potassium and caesium, by platinic chloride, and separated from potassium by the 
inferior solubility of its chloroplatinate (i. 1 114). One kilogramme of the saline mixture 
is dissolved in 2*5 kilogrms. of water, and the cold liquid ia precipitated by a solution 
of about 30 grms. platinum in nitromuriatic acid. After the precipitate has com- 
pletely settled down, the supernatant Liquid is decanted, and the precipitate is boiled 
25 times in succession with small quantities of water (about 1*5 kilogrm. in all), each 
portion being then poured into the original liquid decanted from the precipitate. A 
iresh precipitation of platinum-salt is thereby produced, and the liquid decanted there 
from is to be evaporated down to nearly its original bulk (2*5 kilogrammes). If now 
the precipitated chloroplatinate be decomposed by hydrogen, and the reduced platinum «. 
washed, redissolved in nitromuriatic acid, and added to the liquid, a new precipitate 
will bo formed, related to the solution in the same manner as at the beginning of tho 
process. Tlio precipitato and liquid may therefore be again treated as before. 

By repeating this operation seven or eight times, tho greater part of the rubidium - 
chloride contained in a kilogramme of the same material will be extracted. l£aeli of tho 
precipitates thus obtained is dried over tho water-bath, tho whole reduced by hydro- 
gen, and the alkaline chlorides dissolved out by water. The product thus obtained, 
consists of 126 grms. chloride of rubidium, mixed with 3 or 4 per* cent, chloride oT 
potassium, and a very small quantity of chloride of csesium. To remove these im- 
purities, the boiling solutions of 36 grms. of the mixed chlorides, and of the platinic 
chloride produced by dissolving 30 grms. platinum in nitromuriatic acid, are mixed 
together, and the yellow sandy precipitate, which separates on cooling to 40°, is washed 
by decantation with wafer at 40° — 60°. The washed precipitate is reduced by hydro- 
gen at as low and regular a temperature as possible, and tin? same treatment is repeated 
till the precipitate, when examined by the spectroscope , no longer exhibits the red my 
peculiar to potassium (Bunsen, Ann. Oh. Pharm. exxii. 351). The chloride of rubi- 
dium thus purified no longer contains any foreign metal except caesium, from which it 
may be separated by tho processes already described (i. 1113, 1114). 

Tho same* process may of course bo applied to other mother-liquors and residues 
containing cscsium and rubidium. Bottgor (he. cit .) recommends the saline residue 
obtained by evaporating tho mother-liquor of tho Nauheim water as tho cheapest and 
most product ive source of these metals. 

A modification of tho preceding process is given by Ileint z. (.1. pr. Chom. lxxxvii. 
310; Jahrcsb. 1802, p. 121 ; further, Ann. Ch. Pharm. cxxxiv. 129 ; Bull. Soc. Chim. 
1805, ii. 354.) 

Tlio following process, applicable on the largo scale, for extracting the alkali-metals 
from lepidolito is given by Schrotter (Wim. Akad.Ber.i. [2] 268; Bull. Soc. Chim. 
1865, ii. 10G; Jabresb. 1804, p. 186): — The mineral is first heated to redness, without 
tho addition of any flux. It then melts with considerable tumefaction, and when sub- 
sequently thrown into cold water, solidifies to a vitreous transparent mass, which must 
bo pulverised and washed. (The wash-waters contain small quantities of the alkali- 
metals, and may bo used for the treatment of another portion of the, mineral). The 
washed mass is boiled with hydrochloric acid (2 pts. of acid of specific gravity 1T0 to 
1 pt. of lepidolito) for several hours, whereby tho greater part of the silica is separated; 
and the solution, after addition of ferric nitrate, is mixed with carbonate of sodium, which 
precipitates iron, aluminium, calcium, magnesium, and manganese, tho liquid being 
sufficiently diluted to prevent the simultaneous precipitation of carbonate of lithium. 

The tillered liquid deposits on evaporation a small additional quantity of magnesium- 
ourbonnte, and then retains nothing but the alkaline chlorides and a small quantity 
of silica. It in saturated with hydrochloric acid, and mixed with an aqueous solution 
of potassic chloroplatinate in sufficient quantity (determined by previous trial) to 
precipitate the whole of the rubidium, cfesium, and thallium. Tho filtered liquid, 
containing the excess of platinum and lithium, is precipitated by sulphydric acid to 
separate the platinum; then concentrated, and treated with carbonate of sodium, which 
throws down the lithium as carbonate. 

The platinum-precipitate containing rubidium, caesium, and thallium, is reduced by 
hydrogen at as low a temperature as possible ; the ignited masB is washed with water, 
to remove the chlorides of caesium and rubidium; then treated with sulphuric acid, and 
again washed with water, to dissolve out tho t h a 1 1 i u m - s a It. Lastly, the c cesium 
and rubidium are separated by the processes already mentioned. 
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This process, according to Schrotter, Jfay be applied to ail mineral. containing 
lithium : 1000 phi. of lepidolite thus treated yield 78 pts. carbonate of lithium, 6*6 pts. 
chlorides of caesium and rubidium, and 0*6 pt. thallium — supposing the preparation 
to be continuously carried on. (For remarks on Schrotter s process, see v. Hauer, 
Bull. Soc. Chim. 1865, ii. 352.) 

According to Redtonbacher (Bull. Soe. Chim. 1865, ii. 201), potassium, caesium, 
and rubidium may be separated by the different solubilities of their alums lit 17°, 100 
pfa. of water at that temperature dissolving 13*5 pts. of potassium-alum, but only 2*27 
pts. of rubidium-alum, and 0*619 pt. of c©sium-aJum. 

Metallic Rubidium was first obtained by electrolysis of the fused chloride, the 
positive pole being formed of graphite, the negative pole of an iron wire ; but the 
metal, as fast as it. was isolated, rose to the surface of the fused mass, and burnt with 
a reddish flame. By using, instead of pure rubidium-chloride, a mixture of the.chlo- 
rides of rubidium and calcium in equivalent qantities, and heating it to a temperature 
a little below redness, a fused mass is obtained at the negative pole, which, when 
thrown into water, causes a brisk evolution of hydrogen — the gas carrying with it small 
globules of metal, which bum on the surface of the water. This method, however, 
does not yield the m^tal in sufficient quantity to allow of an examination of its pro- 
perties. On the other hand, an amalgam of rubidium is easily formed by electrolysing 
a strong neutral aqueous solution of rubidium-chloride, using mercury as the negative 
and a platinum-wire aa the positive pole of the battery. The mercury then takes up 
the rubidium, becoming -heated at the same time, and the resulting amalgam forms on 
cooling a brittle, crystalline, silver-white mass. It decomposes water at common tem- 
peratures, and oxidises in the air, becoming covered with a crust of rubidic 
hydrate. 

Rubidium is obtained in larger quantity by heating a mixture of 89 55 pts. acid 
tartrate of rubidium, 8*46 neutral tartrate of calcium, and 1*99 soot from oil of turpen- 
tine, in a furnace similar to that used for the reduction of potassium (iv. 693), and 
collecting the volatilised metal in a receiver containing mineral naphtha : 75 grins. of 
the acid t&rtrnte thus treated yield 5 grins; of rubidium. 

Properties. — Rubidium is a white metal, with a tinge of yellow, and a silvery lustre. 
Specific gravity — 1*52. It is as soft as wax, cveu at —10°, melts nt 38 *5°, and is 
converted, even below a red heat, into a greenish-blue vapour. When exposed to the 
air, it instantly becomes covered with a blue-grey film of suboxide, and takes fire in a 
few minutes even more easily than potassium. It is decidedly more electropositive 
than potassium, when formed into a circuit with the latter in acidulated water. When 
thrown on water it takes fire, with violent evolution of hydrogen, and burns with 
a flame exactly like that of potassium. It burns with vivid incandescence in the 
vapour of chlorine, bromine, iodine, sulphur, and arsenic, and acts as a reducing agent 
in the same manner as potassium. (Bunsen, Ann. Cli. Pliarni. exxv. 367; Jahresb. 
1863, p. 185.) 

RUBIDIUM, BROMIDE OP. ItbBr. — Prepared by dissolving the carbonate 
in hydrobromic acid ; crystallises in permanent shining cubes with subordinate octa- 
hedral faces and cubic cleavage; soluble in 104*8 pts. water at 16°, and in 5*98 pts. 
at 100°. (Reissig, Ann. Ch. Pharm. cxxvii. 33; Jahresb. 1863, p. 186.) 

R UBIDI UM, CHLORIDE OP. RbCl. — The hot solution of the hydrate or 
carbonate in hydrocbloricacid yields, by cooling or rapid evaporation, confused crystals ; 
by slow evaporation, cubic crystals having a vitreous lustre and easily cleavable. They 
are anhydrous, permanent in the air, decrepitate when heated. The chloride melts at - 
an incipient red heat, and volatilises perfectly in the blowpipe flame on platinum-wire. 
100 pts. of water dissolve 76*38 pts. rubidium-clxloridc at 1°, and 82*89 pts. at 7°. 
(Bunsen, Jahresb. 1861, p. 176.) 

Chloroplatinate of Rubidium’ 2RbCl.Pt ,T Cl 4 l is obtained by precipitation as a light- 
yellow, sandy, anhydrous powder, consisting of microscopic regular octahedrons, in- 
soluble in alcohol, and much less soluble in water than cnloroplatinate of potassium. 
(See Table of Solubilities given under Cjksium, i. 1114.) 

AUBZDIUM, CYANIDE OP. Small cubic crystals, which decompose very 
easily (Reissig). — The frrocyanide, Rb<Fe M Cy < .2li*0, is obtained by boiling ferro- 
cyanide of iron free from potash (prepared by precipitating ferrous acetate with prussio 
acid, and exposing the washed precipitate to the air), with hydrate' of rubidium, 
filtering, neutralising with acetic acid, and precipitating with alcohol. The light- 
yellow crystals, deposited from a hot solution on cooling, appear to be triclinic. (P i ccard, 
iWp. Chim. pure, v. 254: Jahresb. 1862, p. 125.) 
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of rubidium so closely resemble the corresponding compounds of potassium an d emsium, 
that they cannot be distinguished therefrom by ordinary analytical methods; but by 
spectral analysts, very minute quantities may be detected. The spectrum of rubidium 
is continuous in the middle part, like that of potassium, but somewhat less bright ; it 
is especially characterised by two strong red lines, Rba and Rb£, situated beyond 
Fraunhofer’s line A, and the two others, y and 8, less distinct, and likewise situated 
beyond A: These lines are most distinctly seen with the nitrate, chlorate, perchlorate, 
and chloride of rubidium, on account of the facility with which these salts are decom- 
posed by heat. A drop of water weighing 4 milligrammes, and holding in solution 
only 0*002 milligrm. of the chloride, shows the lines a and 0 very distinctly. The 
sulphate also gives a fine spectrum, and even with the silicate and phosphate, all parts 
of the spectrum may be distinctly seen. (Bunsen and Kirchhoff.) 

Estimation and Separation. — In a solution not containing potassium or csesumi, 
rubidium may be estimated in the same manner as potassium. The separation of 
rubidium from potassium is effected, as already described, by the inferior solubility of 
its chloroplatinate (p. 128). Heintz(J. pr. Chem. lxxxvii. 320 ; Jahresb. 1862, p. 12t) 
has observed, that when a mixture of the chlorides of sodium, potassium, and rubidium 
is treated with a quantity of platinic chloride more than sufficient to convert all the 
rubidium into chloropl urinates, and then boiled down to a small bulk, the supernatant 
liquid retains only a trace of rubidium. If, on the contrary, the platinic chloride be 
added in quantity less than sufficient to precipitate the whole of the rubidium, and 
the liquid be kept for some time at a suitable temperature, the precipitate will consist 
wholly of chloroplatinate of rubidium. 

For quantitative estimation, however, it is best to resort to indirect methods. 
Bunsen (Ann. Ch. Pharm. exxii. 347) gives the following: — 

o. The two metals are precipitated together by platinic chloride, and the amount of 

} )latinum in the precipitate is determined by the loss of weight consequent on reduction 
>y hydrogen, and subsequent washing. Let A bo the weight of the precipitate, B the 
loss of weight caused by reduction, &c., x the weight of the potassic chloroplatinate 
(KPtCl*)* in tho precipitate, y that of the corresponding rubidium-salt; then 

* + y - a, 

2d 2C1 

fmrvsci* + pt + Kb + 3ci y " B: 


whence x andy may be calculated. 

As, however, commercial platinum often contains impurities, which may render its 
atomic weight incorrect by several hundredths, it is more exact: 0. To weigh the 
mixture of the chlorides of potassium and rubidium obtained by washing the reduced 
precipitate, and determine the quantity of chlorine contained therein by precipitation 
with nitrate of silver. 

Let x be the weight of potassium-chloride, y that of rubidium-chlorirle, A the weight 
of the mixture found by experiment, B that of the precipitated chloride of silver : 
then 


we find : 


x + y 


A; 


Ag + Cl Ag + Cl 
IC + Cl 


B. 


whence, » A g-±-§ 


Kb + Cl ' 


6A - B 
b - a’ 


A — x. 


Atomic Weight of Rubidium . — Determined in the same manner as that of potassium. 
According to the moan of Bunsen’s experiments, it is 85*36 ; according to Piccard, 
85*41: hence 86 4 may be regarded as correct. 

BVBZDnm naaoCTANSSa or. (See page 129.) 

&UBIDXQM, HVURAT1 OT. RbHO, or Rb^O.H^O, Obtained by gradually 
adding baryta-water to a solution of the sulphate in 100 pts. water deprived of air by 
boiling. If the liquid bo kept near the boiling point at the time of adding the baryta- 
water, and agitated, the precipitated barium-sulphate settles down in a few minutes, 
and the filtrate evaporated in a silver retort, yields hydrate of rubidium in the form of 
a white porous mass, with slightly greyish reflex. It melts at a heat below redness, 
"without loss of water, and forms on cooling a brittle, slightly friable, amorphous mass, 
taring a lamellar fracture. It volatilises completely in the blowpipe flame, dissolves 
in water with great rise of temperature, deliquesces rapidly on exposure to the air, 

• Pt * 9*7. 
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forming a eyrnpy liquid, which is greasy to the touch, corrodes the skin, and, on con- 
tinued exposure to the air, is gradually transformed into acid carbonate of rubidium, 
In short, hydrate of rubidium possesses alkaline and caustic properties as powerful as 
those of hydrate of potassium. It dissolves in alcohol, like caustic potash. It cannot 
be fused in platinum-vessels because it attacks thorn. 

RUBIDIUM, XODXDS OF. RbL — Obtained like the bromide, which it 
resembles in form. (R e i a s i g. ) 

RUBIDIUM, OXTOBN-8ALT8 OF. The acetate, C’H’RbO*, crystallises in 
nacreous laminae (Grande a u). The Itorate , Rb*0.2B*0 , .6H , 0, separates from 
a hot solution of 2 at boric acid and 1 at. rubidium-carbonate, at 6°, in small tabular 
rhombic crystals, exhibiting the combination oF . ooP . ooPoo, and having the angle 
ooP : ooP = 82° 23"; ooP : oof*ao — 131° 4\ It is permanent in the air, more 
soluble in hot than in cold water, and has an alkaline taste. (Reissig, Ann. Ch. 
Pharm. cxxvii. 33.) 

Carbonates. — The neutral salt, Rb 2 CO*, is prepared by precipitating the sulphate with 
baryta-water, adding carbonate of ammonium to the filtrate, evaporating to dryness, 
and exhausting the residue with water. The solution yields, on evaporation, indistinct 
cryst als of the hydrated salt, Rb^COMPO, soluble in alcohol, and having a strong alkaline 
reaction. The crystals, when heated, give off their water, and leave the anhydrous 
carbonate as a sandy powder, which melts at a higher temperature. On exposure to 
the air, it deliquesces, and is converted into the acid carbonate , RbHCO*, which forms 
glassy prismatic crystals, permanent in the air, having a very faint alkaline reaction, 
a cooling, not caustic taste, and easily converted by heat into the neutral carbonate. 
(Bunsen aud Kirchhoff.) 

Chlorate, RbCIO*.— Prepared by mixing sulphate of rubidium and chlorate of barium 
in equivalent proportions. It forms very small white prisms, having the taste of 
chlorate of potassium, soluble in water to the amount of 2'8 per cent, at 4*7°, and 
1 per cent, at 195°. (Reissig). 

Perchlorate, KbCIO 4 . — Obtained by decomposing the carbonate with perchloric acid, 
Hnd purified by repeated crystallisation from boiling water. It forms a sandy powder, 
composed of hard shining microscopic crystals. The crystals obtained by evaporation 
over oil of vitriol appear to be trimetric and isomorphous with perchlorate of potassium. 
They are anhydrous, permanent in the air, less soluble than perchlorate of potassium, 
and have a disagreeable, slightly saline taste. They melt easily, and decompose at a 
red heat into oxygen and chloride, of rubidium. (Lotiguinine, Traitk de Chimie par 
Pelouze et Frhrny , 3 m0 ed. iii. 1419.) 

Chromates. — The neutral salt , Rb*Cr0 4 or Rb’O.OrO 1 , is obtained by adding carbo- 
nate of rubidium to a solution of the di chroma to. It is isomorphous with chromate of 
potassium, has an alkaline reaction, and forms a solution of a fine yellow colour. 

The acid chromate or dickromate , Rb 2 0.2CrO* f forms hard, rather bulky crystals, 
exactly like the corresponding potassium-salt. It is easily prepared, either by super- 
saturating a hot solution of the carbonate with chromic acid, or by fusing the nitrate or 
carlxjnate with oxide of chromium, lixiviating, and evaporating. The mother-liquor 
ultimately deposits crystals of the neutral salt. (Grandoau, Ann. Ch. Phys. [3] lxvii. 
loo ; Jahresb, 1803, p. 184.) 

The nitrate and oxalates of rubidium have been already described. The sulphates 
and tartrates will be described under the respective acids. 

BUBXHYDRAir. (Schunck, Phil. Msg. [4] xii. 200, 270.)— A substance 
haring the composition of hydrated rubian, produced, together with rubianic acid and 
rt ilmb-hydra n, by treating rubian with acid carbonate of barium. The brown-yellowfiltrate, 
obtained as described at p. 125, is again mixed with baryta- water to separate ayy still 
undecomposed rubian ; carbonic acid is once more passed into it, and the red flocks 
which separate on evaporation are removed. The filtrate mixed with basic acetate of 
lead, yields a red precipitate, which iB to be washed, decomposed by cold dilute sulphuric 
acid, and treated with carbonate of lead to remove the excess of that acid. The preci- 
pitates are then removed ; sulphydric acid is passed into the liquid ; the sulphide of 
lead is separated by nitration ; and the filtrate is evaporated. 

Ilubihydran is a brown-yellow, transparent gum, having a bitter taste, and becoming 
soft and moist on exposure to the air. It gives up its water only after prolonged 
heating over the water-bath, and then gives by analysis, 51 '1 per cent* 0 and 0*0 H, 
agreeing approximately with the formula » 2C 3, H* 4 O ia .5H*0. In other ex- 

periments, Sqhunck obtained numbers agreeing with the formula? C^H^O^BX) and 
OH«O»0H*O. 

Kubihydran dissolves easily in water, but is not very soluble in alcohol It is not 
altered by boiling phosphoric, oxalic, acetic, or tartaric acid ; neither is it precipitated 

k2 
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by a ny metallic salt except basic acetate of lead. With acids, alkalis, and chlorine, 
yields the same products as rubian. 
sranraBme ACID. Syn. with Isamic Acid (iii. 403). 

MVBXNIC ACID. Also called Rufocatechuic acid (S van berg, Ann. Ch. 
Pbarm. xxiv. 215), When a solution of cute chin in an alkaline carbonate is exposed 
to the air, the liquid gradually assumes a dark red colour, and then yields with hydro - 
chloric acid, red, non-crystalline docks of rubinic acid, which, however, is so unstable 
that it blackens even during washing and drying. When dried in a vacuum, and already 
altered, it gave by analysis 61*04 per cent, carbon and 4*21 per cent, hydrogen. 

The rubinates are red and slightly soluble: their solutions blacken during evapora- 
tion. The potassium-salt may be isolated by saturating the red solution of catechin in 
potassic carbonate with acetic acid, till the rubinic acid begins to separate,, adding 
alcohol to the filtrate, and drying the precipitated salt in a vacuum. It is very soluble 
in water; its solution forms red. precipitates with metallic salts. ' 


C : H a 0 2 .;— A substance, isomeric with benzoic acid, existing in 
madder-root, and obtained as a bye-product in the preparation of rubian (p. 123); 
in the decomposition of rubian by acids and by epythrozym (p. 124; also Gmelin's 
Handbook, auv. 133, 135), and in the preparation 1 of rubiadin (p. 120); in the last 
case as a lead-compound. It is also produced by boiling chlororubian with alkalis. 

The mixture of the lead-compounds of rubiretin and verantin, obtained in the pre- 
paration of rubiadin, yields, when decomposed by boiling hydrochloric acid, a brown 
powder, from which the rubiretin may be dissolved out by cold alcohol, the greater 
part of the verantin remaining behind. The alcoholic solution, when evaporatod, leaves 
the rubiretin, which, if it does not melt in boiling water, must be purified by re-solutiou 
in cold alcohol and evaporation of the filtrate. A similar mode of purifying may bo 
applied to rubiretin obtained as a secondary product under other circumstances. 

Properties. Hu bi re tin is a dark reddish-brown resin, brittle and friable in the cold, 
soft at 65 , melting, at about 100°, to dark-brown drops. It gives by analysis, 68*41 
per cent. C, and 5*22 H (calc. 68*85 C, 4*91 H, 26*24 O). * * * 

Rubiretin dissolves sparingly in boiling water, but softens therein, and on cooling 
deposits yellow flocks, winch increase on the addition of an acid. It is easily soluble 
in alcohol It dissolves with dark orange colour in oil of vitriol, and is precipitated by 
water. It dissolves m ammonia, in the pure fixed alkalis , and in alkaline carbonates, 
forming brown -red solutions, from which it is precipitated by acids. The ammomacal 
solution forms purple precipitates with chloride of barium and chloride of calcium, 
ir y red with alum and nitrate of diver. It dissolves in aqueous ferric chloride, with 
dark rad-brown colour, and is precipitated by acids. When free from alizarin, it docs 
not dye mordanted fabrics. 

When heated in a test-tube, it generally yields a scanty sublimate of alizarin, 
together with a brown oil. It is decomposed by hot oil of vitriol Boiling nitric acid, 
converts it into a yellow substance, which no longer softens in boiling water, and is 
scarcely soluble in alcohol. Chlorine passed, into the alcoholic solution of rubiretin. 
QecDlonses it, and renders it no longer precipitable by acids. (Scllunck.) 

Tanuic acid from the leaves of Rubia tinctomm. 
(Wiiligk, Ann. Ch. Iharm, Ixxxu. 340; 6m. xv. 532.) 

PH*m)™^6) MO ACXB * or Kitro-hamatic acid. Set Picbamic Acid under 
( rr,n ri Th 1 ™^ iSa . ml T'^y, of cor ' mduD ? ("• 86); see a!eo Dana-* 

Ims^lh. wL° P wi, Tl10 oil obtainAd h y distilling garden rue (Ruta graves- 

^ 7 n P /? 0 fl o Cd by 11 “tifications, it is somewhat viscid ; has a 
Shffhtlv bitter y arnn t uS 7 + “♦ 18 % stron 8 disagreeable odour, like that of the plant; a 

f ir 8tC 1 b ° il8 ttt 228° — 230°; and solidifies, between + l«>id 
Oif of rue ? 3nr lhne ]amin *’ resembling those obtained from anise-oil. 
bfilon»in» fA tu cb, °f*y a mixture of a hydrocarbon with an aldehyde or ketone 
wa. formrriy 1 reirard«l C A3 T [ lis com .t >OUIld . separable by alkaline bisulphites,, 
xxvi 225 JiS * 5° tbe inve8 tigations of Gcrhardt (Compt. rend. 

Tn 0{ Clours (Compt. rend. xxri. 262), £ £££ 
Jahresb 1IM n it« h a. But Greville Williams (PhiL Trans. 1858, [1] 89; 
C"H"0 and C^H , '0 the tie cru . <ieod contains two such compounds, vis., 

been confirmed by Ha’/b o rd e**/ i* small quantity; and ttfT result hal 

Williams bv auhieetm. Aj (4? n - c “- Pharm. cxsiii. 293 ; Jahresb. 1862, p. 250.) 

' subjecting crude ml of rue to repeated fractional distillation, obtained 
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distillates having boiling-points between 16(P and 238°. The portion boiling between 
160° and 188°, give, with alkaline bisulphites, scarcely traces of a crystalline compound * 
but the fractions of higher boiling-point yield crystalline compounds when thus 
■ treated (best with the ammonium-salt) ; and the portions boiling above 210° solidify 
after a few hours' contact with the acid sulphite, to a crystalline mass, from which, after 
washing with the solution of the sulphite , pressure, (tec., the aldehyde or ketone may be 
separated by distillation with potash. 

The product thus obtained from the portion of the oil boiling between 210° and 232° 
is a colourless liquid, haring a fruity odour quite different from that of rue. Specific 
gravity = 0*8497 at 15°. When cooled to + 7° and shaken, it solidities to a white 
mass resembling camphor. Boils at 213° (oxidising at the same time unless kept in 
an atmosphere of hydrogen). Gives by analysis, 77*71 per cent C and 13*07 H, 
agreeing with the formula C M H**0, which requires 77 65 C, 12*94 II, and 9*41 O. 
Vapour density, obs. = 6 870; calc. * 5*874. Williams regards this compound as 
euodic aldehyde or hydride of euodyl, C n H al O.H, the name being suggested 
by its fragrant odour. See also Hall wadis (Jahresb. 1859, p 506). 

The higher fractions of crude oil of rue, yielded also by similar treatment a small 
quantity of a liquid boiling at 232°, and having nearly the composition of 1 auric alde- 
hyde, C J *H 2 *0 ; anal. 78*1 per cent.. C, 12*9H; calc. 78*3 C, 13*0 H, and 8*7 O. 
Vapour-density, obs. «= 6*182 ; calc. = 6*366. 

According to Harbordt (toe. at.), the compound C n H**0, which forms the chief con- 
stituent of rue-oil, is not. euodic aldehyde, but a ketone, viz., methy 1- capri nol = 
C ,0 JI ,b G.UH 5 . The portion of the crude oil boiling at 228°, yielded by analysis 
numbers agreeing with the formula of lauric aldehyde, C ,2 H 24 0 ; but the compound 
obtained therefrom with acid ammonium-sulphite, gave by distillation with carbonate 
of sodium, a body agreeing nearly in composition and vapour-density (obs. 6*03) with 
the formula C ,l H ,22 6. This 11-carbon compound yielded by oxidation (together with 
oxalic acid), cupric acid, caprylic acid, and lower members of the acetic acid series, but 
no acid containing 1 1 at. carbon. 

The portion of rue-oil which does not combine with alkaline bisulphites, is separable 
into a more volatile portion, having the composition of turpentine oil, and a loss vola- 
tile portion, which appears to be isomeric with borneol, but boils at a lower tempera- 
ture, (Gr. Wi lliams.) 

RVFIOALLZC ACID. C 9 H 4 0\H 2 0. Para-dlagic acid. (Kobiquet, Ann.Ch. 
Phstrm. xix. 204.) — This acid, which, in the dry state, contains the elements of gallic 
acid minus 1 at. water, is produced by gently heating gallic acid to 140° with 5 pts. 
of strong sulphuric acid, and pouring the sticky mass when cold into cold water, drop 
by drop. An abundant red-brown precipitate is then formed, partly fiocculcnt, partly 
crystalline, and the crystalline portion, which amounts to 60 or even 70 per cent, of the 
gallic acid employed, may be separated by levigation. 

Itufigallic acid thus obtained forms kermes-brown crystalline grains, which at 120° 
give off 10*6 per cent. (1 at.) water, and lose their lustre. When strongly heated in 
tiie air, it carbonises in great part, becoming covered with small cinnabar-coloured 
prisms. It dissolves in 3,500 pts. of water, easily in potash, the solution, when 
exposed to the air, depositing coloured crystals after long time. On boiling the 
acid with stuffs mordanted with alum or an iron-salt, dyes are, obtained similar to 
those produced by madder, but less bright. 

XUriMODIC ACID. (Wagner, J. pr. Chem. li. 82.) — An acid obtained, in 
the form of a dark brick-red precipitate, when a solution of morintannic acid in cold 
strong sulphuric acid, or that produced by boiling morintannic acid with dilute hydro- 
chloric acid, is left to itself for some time. When purified by washing with cold water, 
solution in alcohol, reprecipitation with water, and drying, it forms a dark-red 
amorphous powder, very soluble in alcohol, less soluble in water, very slightly soluble 
in ether. A very small quantity of ammonia suffices to render it soluble in water, in 
all proportions. Its solutions have an acid reaction, Its composition, -as determined 
by analysis (64*4 per cent. C, 4*4 H), is very near to that of morintannic acid ; and as 
the latter can be reproduced by the action of alkalis on ruflmoric acid, it is probable 
that the two acids are either isomeric, or differ only by the elements of water. 

Itufimoric acid may be heated without decomposition to 130° ; but above that tem- 
perature, it gives off vapours which condense to a crystalline mass, exhibiting all the 
characters of pyrocatechin. It dissolves with red colour in strong sulphuric acid 
without alteration, also in hydrochloric acid. Nitric acid converts it into oxalic acid 
and a nitrogenised acid. With caustic alkalis and their carbonates, it forma. crimson, 
solutions, which lose their colour but slowly. An alcoholic solution of the acid forms 
with alcoholic potash a dark-red viscous precipitate, Bufimoric acid, boiled 'with 
potash or baryta, is reconverted into morintannic acid. 
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Thf> aqueous solution of rufirooric acid (containing a trace of ammonia), does not 
precipitate alum; but on adding more ammonia, a dark-red lake is thrown down 
Tha same reaction is produced with stannous chloride and chloride of barium. Neutral 
acetate of lead, cupric acetate, and mercurous nitrate form red or brown precipitates, 
titrate of silver and sulphate of zinc are not precipitated . 

Chlorine decomposes# the solution of rumiforic acid, throwing down red nocts. 


RTTTTTfa C 2, H 5W 0 B . (Mulder, Rev. scientif. iii. 50.)— A compound produced by 
the action of heat on phlorizin, and differing therefrom by the elements of 2 at. water : 
(jmjuQtm C 2, II :i0 (> , + 21PO. It is a resinous substance of a red colour, very 
friable, dissolving in alcohol with deep orange colour, nearly insoluble in ether. Water 
dissolves it at the boiling heat, and decolorises it instantly ; the solution becomes 
milky on cooling, ltufin dissolves in strong sulphuric acid, producing a fine red solu- 
tion, which is decolorised by water. It is insoluble in hydrochloric acid ; decomposed 
by hot nitric acid. It dissolves with red colour in potash and ammonia, and is preci- 
pitated therefrom by acids. 

2VM. A spirituous liquor distilled in the West Indies from molasses. (See Ure’s 
Dictionary of Arts , £c. iii. 606.) 

BUKXCXN. Syn. with Chrysofhanic acid (i. 958). This substance exists in 
the roots of various species of Rumcx , viz., Rtcmex patientia , R. palustris, R, acutus, 
R. aquaticus , and R . Hydrolapathum , os well as in rhubarb and walMiehcn. 

XUSZOCBXS9> A red substance produced by the action of chlorine-water and 
ammonia on quinine (p. 18). 


KirrAlIXXDZl. Syn. with Capramidh. 

BUTHSVHTPBRIO ACID. See Ruthenium, Oxides of (p. 137). 


SlTTBXZBrXOCTrA.X0 > XX>SSS. See Cyanides of Ruthenium (ii. 271). 

XVTHIintrM. Atomic weight, 104. Symbol, Ru. — This metal, discovered by 
Claus in 1846, occurs in platinum-ore, and chiefly in osmiridium, which sometimes 
contains it to the amount of 3 to 6 per cent. Its properties and combinations have 
been examined chiefly by Claus (Pogg. Ann. lxiv. 192, 624; Ixv. 200 ; Ann. Ch. 
Fharm. lvi. 257 ; lix. 234; lxiii. 259), Fr£my {Traits de Chimie par Relrvuze ct 
Frhny, 3 mi ' ed. iii. 1334), and Deville and Debray (Ann. Ch. Phys. [3] lvi. 385; 
Jahresb. 1859, p. 233). 

Extraction : 1. Pulverised osmiridium, mixed with about half its weight, of common 
salt, is heated to low redness in a current of moist chlorine; the disintegrated mass is 
digested in cold water ; and the concentrated solution, which is brown-red and almost 
opaque, is mixed with a few drops of ammonia and gently heated, whereupon it deposits 
a copious black-brown precipitate, consisting of sesquioxide of ruthenium and dioxide 
of osmium. This precipitate, after being washed with nitric acid, is heated in a 
retort, till the osmium is expelled, in the form of osmic tetroxide. The residue is then 
ignited for an hour in a silver crucible with caustic potash free from silica, and the 
ignited mass is softened and dissolved by cold distilled water. The solution is left 
in a corked bottle for two hours to clarify ; after which the perfectly transparent 
orange-coloured liquid is separated by a siphon, and neutralised with nitric' acid. It 
then deposits velvet-black sesquioxide of ruthenium, which, when washed, dried, and 
ignited in an atmosphere of hydrogen, yields the pure metal. (Claus; see also Pla- 
tinum-ore, iv. 681 ). 

2. Pulverised osmiridium is heated with 3 pts. peroxide and 1 pt. nitrate of barium ; 
the muss is treated in the manner described under Iridium (iii. 315, No. 5); and the 
orange-yellow solution of rutheniate of potassium, ultimately obtained by fusing the 
mixture of iridium and ruthenium with nitre and caustic potash, and lixiviating with 
water, is treated with carbonic or nitric acid till it becomes colourless ; it then deposits 
oxide of ruthenium, slightly contaminated with silica. This oxide, strongly calcined 
in a graphite crucible, yields metallic ruthenium, which is then fused in the oxyhy- 
drogon furnace (iv. 313). The ruthenium thus obtained still requires to be purified 
by one or more fusions with nitre and potash, till its density is brought up to 11*3. 
(Deville and Debray.) J r 

• u’ osmiridium, consisting almost entirely of osmium, iridium, and ruthenium, 

is heated to bright redness in a porcelain tube, through which a current of air (freed 
mom carbonic acid by passing through potash, and from organic matter by passing 
through oil of vitriol) is drawn by means of an aspirator. The osmium and ruthe- 
nium are thereby oxidised, the former being carried forward as tetroxide and condensed 
! n .^ st,c Votaeb solution, while the oxide of ruthenium remains behind, together with 
indium ; and by fusing this residue with hydrate of potassium, and treating the 
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mass with water, a solution of potassic rutheniate ia obtained as above (Rr4my). 
According to Deville and Debray, the ruthenium thus obtained ia still contaminated 
with small quantities of osmium, rhodium, and iridium. 

Properties . — Ruthenium obtained by calcining one of its ammoni&cal chlorides, is a 
white spongy mass; when separated from its oxides by reduction with hydrogen, it 
forms porous fragments, very much resembling iridium, and moderately easy to pul- 
verise. It is the most refractory of all metals except osmium. Deville and Debray 
hare, however, fused it by placing it in the hottest part of the oxyhydrogen flame at 
about 2 millimetres from the orifice of the jet. After fusion, it has a density wf 11 to 
11-4 ; that of the porous metal is only 8 '6. 

Ruthenium is scarcely attacked by nitromuriatic acid. It is, however, more easily 
oxidised than platinum, or even than silver (Fr 6my). When pure it is easily 
oxidised by fusion with hydrate of potassium, still more easily on addition of a small 
quantity of nitrate or chlorate, producing rutheniate of potassium, which dissolves in 
water, with orange-yellow colour. 

XITTHBiritJM, ALLOTS OF. Zinc forms with ruthenium an alloy, which crys- 
tallises in regular hexagonal prisms, takes fire when heated in the air, and burns with 
faint deflagration. 

An alloy of tin and ruthenium, RuSn 3 , is easily obtained by heating ruthenium to 
redness in a graphite crucible, with 10 to 15 times its weight of tin, and dissolving out 
the excess of tin from the cooled mass with hydrochloric acid. The alloy then remains 
in magnificent cubic crystals, liko those of melted bismuth. (Deville and Debray.) 

XUTHEinUM, CHXtO RXD1SB OF. Ruthenium forms three 'chlorides, viz., 
RuCP, RuCl*, and RuCl 4 ; the last, however, is known only in combination. 

The dickloride , RuCl 1 , is produced, together with the trichloride, by igniting pul- 
verised ruthenium in a stream of chlorine, the trichloride then volatilising; while the 
dicliloride remains in the form of a black crystalline powder, insoluble in water and in 
all acids, even nitromuriatic acid, and only partially decomposed by alkalis. A soluble 
dicliloride is formed by passing sulphydric acid gas into a solution of the trichloride. 
A brown sulphide is then precipitated, and the solution acquires a fine blue colour. If 
the excess of sulphydric acid be expelled by a current of air, a pure solution of the 
dichloride will bo obtained, which becomes green by strong concentration, and yields 
with ammonia a green precipitate of the soluble dicliloride (? hydrated). Both the 
blue and the green dichloride are converted into trichloride when heated with nitrie 
acid. 

Trichloride or Ruthenious Chloride , RuCl 1 . Prepared by precipitating a solu- 
tion of potaasic rutheniate with an acid, dissolving the precipitated black oxide in hy- 
drochloric acid, and evaporating. It is a yellow-brown, crystalline, very deliquescent 
mass, becoming dark-green and blue at certain points when strongly heated. It dis- 
solves easily in water and in alcohol, leaving a small quantity of a yellow insoluble salt. 

The concentrated solution of ruthenious chloride, mixed with concentrated solutions 
of the chlorides of potassium and ammonium, yields the double salts B^Ru^Cl* » 
2 K Cl. RuCl* and (NH 4 ) 2 Ru"'Cl a , in the form of crystalline precipitates, with violet 
iridescence, very slightly soluble in water, insoluble in alcohol. The solution of the 
potassium-salt, left for some time in contact with water, becomes turbid and black, and 
deposits a black oxychloride of ruthenium ; the same decomposition takes place imme- 
diately on heating the solution. 

Tetrachloride of Ruthenium or Rut henic Ch lor ide, RuCl 4 , is known only 
in its double salts. The potassium-salt, K 2 Ru ,t C 1* *=• 2KCl.RuCl 4 ,is prepared by mix- 
ing a solution of ruthenic hydrate in hydrochloric acid with chloride of potassium, and 
evaporating to the crystallising point. It is brown, with rose-coloured iridescence, very 
soluble in water, but insoluble in alcohol. It appears to be dimorphous, inasmuch 
as, when deposited from a solution containing several other salts, it crystallises in mi- 
croscopic six-sided prisms, but, under other circumstances, in regular transparent octa- 
hedrons, being then isomorphous with the corresponding salts of platinum, palladium, 
osmium, and iridium. 

The ammonium-eatt, 2NH 4 CLRuCl 4 , is obtained' like the potassium-salt, which it 
resembles closely. 

BUTHAVSVM, CT ATOMS OF. (See Cyanides, ii. 271.) 

kVnmUK, DITBOTZOV AMD HSTXHCATZOir OF. Ruthenium is 
most frequently met with in solution in the form of trichloride. This solution, which 
is of an orange-yellow colour, is distinguished by its character of decomposing, when 
hrated, into hydrochloric add and blackish-brown sesquioxide of ruthenium. The 
same solution exhibits with reagents the following characters : — 
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Sulphydric acid partly precipitates the ruthenium in the form of a black sulphide, 
but at the same time reduces the trichloride to dichloride, the reduction being 
attended with a change of colour from orange-yellow to a fine azure-blue : this reaction 
is extremely delicate, and very characteristic of ruthenium. Zinc effects the same 
reduction*** Svdphydrate of ammonium throws down the greater part of the ruthenium, 
in the form of a black-brown sulphide, not perceptibly soluble in excess.— The caustic 
alkalis t alkaline carbonates , and phosphate of sodium precipitate the black sesquioxide, 
insoluble in excess of the reagent. — Borax forms no precipitate at first, but, on heating 
the solution, the hydrated sesquioxide is thrown down. — Sulphurous acid , oxalic acid, 
and formate of sodium do not precipitate the metal, but merely decolorise the solution. 
— Ferrocydnide of potassium decolorises the solution at first, but afterwards turns it 
bluish-green. — Sulphocyanate of potassium produeosj after awhile, a Ted coloration 
passing to deep red-purple, and changing to a fine violet on boating the liquid. This 
Is one of the most characteristic reactions of ruthenium, inasmuch as soluble sulpho- 
cyanates do not exhibit any very decided character with the other metals of the plati- 
num group ; for its distinct production, however, it is necessary that the solution bn 
free from other platinum-metals. — Acetate of -lead forms a purple-red precipitate, in- 
clining to black. — Cyanide of mere ury colours the solution blue, and throws down a 
blue precipitate. — Nitrate of silver forms a black precipitate, which is a mixture of 
chloride of silver and sesquioxide of ruthenium; the oxide dissolves, after a while, in 
the nitric acid, leaving a white residue of chloride of silver; and if ammonia* be then 
lidded in excess, the chloride of silver dissolves, and the sesquioxide of ruthenium is 
reprecipitated : this is also a very delicate reaction. — The chlorides of potassium and am- 
monium throw Sown, from concentrated solutions, crystal] ine precipitates of double 
chlofides, exhibiting a play of colours inclining to violet. — The nitrites of the alkali - 
metals form with ruth en ions solutions, double salts 1 3 MN 0 2 .Tlu"'(N0 2 ) # ], which dissolve ' 
. readily in excess of the alkaline nitrite, forming solutions, which, when treated with 
a small quantity of yellow sulphide of ammonium, assume a- splendid dark-red colour, 
changing to brown without precipitation of sulphide. This reaction is recommended 
by Gibbs and by 'Claus (Jahresb. 1863, p. G ( J7) for the detection of nitrites. 

The solution of chlororutheniate of potassium, 2KCl.RuCl% exhibits the 
following reactions : — With sulphydric acid , tio reaction at. first.; but after awhile, or on 
heating, a brown precipitate of disulphide, RuS 2 , a considerable quantity of ruthenium, 
however, remaining in solution. — Yellow sulphydrate of ammonium immediately 
throws down part of the ruthenium, in tho form of a brown -yellow sulphide; the 
reaction is complete on tho addition of an acid. — Potash and alkaline carbonates form 
no precipitate in tho cold; a deposition of oxide takes place on heating the liquid, but 
a considerable portion still remains dissolved. — Nitrate of silver forms a rose-coloured, 
mercurous nitride , a light-yollow, and stannous chloride a yellow precipitate. 

The compounds of ruthenium may readily be distinguished from those of the other 
platinum-metals, by fusing a few milligrammes of tho substance in a platinum-spoon, 
with a large excess of nitre, leaving it to pool when it ceases to froth, and dissolving the 
cooled mass in a little distilled water. An orange-yellow solution of potassic rutheniate 
is thus formed, which, on addition of a drop or two of nitric acid, yields a bulky 
black precipitate ; and on adding hydrochloric acid to the liquid, with the precipitate 
still in it, and heating it in a porcelain crucible, tho oxide dissolves, forming a solution 
which has a fine 1 orange-yellow when concentrated, and when troated with sulphydrie 
neid till it becomes nearly black, yields a filtrate of a splendid sky-blue colour. 
Characteristic reactions are also obtained with sulphocyanate of potassium and acetate 
of lend. 

Metallic ruthenium may be distinguished from the other platinum-metals by mixing 
it with common salt, and igniting the mixture in a current of chlorine. The resulting 
black muss dissolves in water, with a fine orange-yellow colour, which of itself is suffi- 
cient. to distinguish ruthenium from rhodium and iridium (the former of which yields 
under similar circumstances a rose-coloured, and the latter a black- brown solution). It 
may be further distinguished by the black precipitate which it yields with ammonia, 
.and by the reactions with sulphydric acid, &c., above mentioned. 

Estimation and Si partition . — Ruthenium is precipitated from its solutions in the 
form of oxide, and generally as sesquioxide, viz., from a solution of the sesqiiiehloride, 
either by alkalis or by simply heating the solution, and from a solution of rutheniate 
of potassium by nitric acid. The precipitated oxide is reduced to the metallic state by 
ignition in an atmosphere of hydrogen. As, however, the precipitate generally contains 
alkali, which cannot be removed by washing, the reduced mass must be treated with 
water the liquid filtered from the ruthenium ; and the metal, before weighing, must 
be again ignited, and left to cool in an atmosphere of hydrogen, as it oxidises when 
heated in the air. 
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Ruthenium hm hitherto been found only associated with the metals of the platinum- 
r< si clues, and from these it is separated by the methods already described fn 134 • see 
also PjLATrNITM-ORH, IT. 681). vr * 1 

The following methods of separating ruthenium from platinum, rhodium, and 
iridium, are given by Gibbs (Sill. Am. J. [2] xxxiv. 341: Jahresb. 1863 d 
292):— 

1. From Platinum . — The mixture of the double chlorides, K*PtCl # and K*RuCl # , 
is treated with a cold solution of chloride of potassium ; the resulting solution, which 
contains chiefly the ruthenium-salts, is heated with nitrite of potassium, and evapo- 
rated to dryness ; and the residue is treated with hot absolute alcohol, which leaves 
ehloroplatinate of potassium undissolved. The alcoholic solution containing the 
chlororutheniato of potassium (together with traces of platinum) is evaporated; the 
residue is heated with hydrochloric arid ; the detp rose-coloured solution of tho 
potassic chlorurutheniato is repeatedly evaporated to dryness with sal-ammoniac ; and 
I he hot aqueous solution of the resulting chlororutheniate of ammonium is converted, 
by evaporation with ammonia, into the yellow ammonio-chloride, 4NH s .RuCl*.3H*0. 
The latter, When dissolved in hot water, yields with mercurio chloride a yellow crys- 
talline precipitate of the salt, 4NH 3 .RuCl*. Hg"Cl 2 , which may be freed from platinum 
by recry stallisat ion. and yields by ignition silver-white ruthenium. 

2. A similar met hod serves for the separation of ruthenium from rhodium, the 
latter metal remaining undissolved as chlororhodiate of potassium, when tho solution of 
the two double chlorides is treated with nitrite of potassium, and the evaporated 
residue with alcohol. Tho chlororhodiate of potassium is then either converted into 
metallic rhodium by ignition with sal-ammoniac, or dissolved in hot hydrochloric acid, 
supersaturated with ammonia, and precipitated as sulphide by sulpliydric *cid. 
(Gibbs.) 

3. From Iridium. — The best mode of proceeding is to heat the solution of tho two . 
metals with an excess of nitrite and carbonate of sodium till a light orange-yellow is 
produced; then add sulphide of sodium by small portions, till part of the precipitated 
sulphide. of ruthenium is redissolved ; boil for a few minutes ; and mix the liquid, after 
cooling, with a slight excess of hydrochloric acid. The precipitated sulphide of ruthe- 
nium is washed with hot water, dissolved in nitrumuriatic arid, and converted, first 
into chlororutJreniatoof ammonium, then into the •* ho vc-mentioned mercury- com pound. 
The solution filtered from tho sulphide of ruthenium, and evaporated with hydro- 
chloric acid and sal-ammoniac, yields pure cliloriridiato of ammonium. — The tetra- 
chlorides of iridium and ruthenium may also be separated by heating with nitrite and 
carbonate of potassium, evaporating to dryness, and treating the residue with absolute 
alcohol. The ruthenium-salt then dissolves, whilst the iridi um-salt. remains, and may 
be easily converted into chloriridiate of ammonium. 

According to Gibbs, tlie separation pf iridium and ruthenium, by ignition with nitre 
and potash does not yield good results, inasmuch as part of the ruthenium always 
remains unattacked, and a small quantity of the iridium dissolves, together with the 
rutheiiiate of potassium. 

On the separation of ruthenium and the other platinum-metals, see further Gibbs 
(.Sill. Am. J. [2] xxxvii. 57; Jahresb. 1864, p. 288; Bull. Soe. Chim. 1864, ii. 38), 
Carey-Loa (Sill. Am. J. [2] xxxviii. 31; Jahresb. 1864, p, 290). 

Atomic Weight of Ruthenium . — Claus (J. pr. Chcm. xxxiv. 173, 420; Ann. Ch. 
Pharm. lvi. 267), by the analysis of chlororuthenite of potassium, 2KCl.RuCl* found 
that the atomic weight of tho metal was 104 22, which is nearly the same as that of 
rhodium. Other experiments gave higher numbers, but the above determination is 
generally regarded as nearest to the truth. 

RVTBSNZVM, OZIBSS OF. Ruthenium forms five oxides, vis RuO, Ru*0*, 
RuO 2 , RuO 3 , and RuO 1 , tho fourth, however, being knotvn only in combination. 

The protoxide , RuO, obtained by calcining the dichloride with carbonate of 
sodium in a current of carbonic anhydride, and washing the residue with water, has a 
dark-grey colour and metallic lustre, is not acted upon by acids, but is reduced by 
hydrogen at ordinary temper* 4 ture 8 . 

Sesquioxide , or Rutkenious Oxide , Ru*0 , .-*-Pulverised ruthenium, heated in 
contact with the air, rapidly absorbs 48 per cent, oxygen, and is afterwards slowly 
converted into the anhydrous segquioxide, which has a deep blue colour, is insoluble in 
acids, and ia reduced when heated into hydrogen gas. 

The hydrated sesqui oxide, Ru 2 0*.3H l 0 ■■ RuH*O s , is obtained as a blackish -brown 
precipitate, when a solution of rufhenious chloride is treated with an alkaline carbonate. 
This hydrate, after prolonged washing, still retains 3 or 4 per .cent of alkali; it dis- 
solves, with yellow colour in acids, but is not dissolved by [water or by alkalis. When 
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strongly heated in an atmosphere of carbonic anhydride, it gives off its water, and 
becomes insoluble in acids. . 

* The dioxide or ruthenic oxide, "RuO 2 , is formed by roasting the disulphide, or by 
strongly igniting ruthenic Bulphate, RuS*0 9 or RuO* 2SO*. The former method 
yields a black-blue powder with a tinge of green ; the latter, grey particles with 
metallic lustre, and bluish or greenish iridescence. 

The hydrate, RuH 4 0 4 = Ru0*.2H*0, is obtained as a gelatinous precipitate, by 
decomposing chlororutheniate of potassium with carbonate of sodium, or ruthenic 
sulphate with caustic potash or soda ; in the latter case, however, the solution must be 
evaporated, as it retains a considerable quantity of the hydrate. Ruthenic hydrate, 
when dried and heated in a platinum spoon, deflagrates with vivid incandescence, and 
is scattered about. It dissolves in acids, forming yellow solutions. The - solution in 
hydrochloric acid turns red when evaporated, and ultimately leaves red-brown ruthenic 
chloride. The hydrate dissolves also with light-yellow colour in alkalis. 

The trioxide , RuO*, commonly called ruthenic acid, is known only in the form of a 
potassium-salt, which is obtained by igniting ruthenium with a mixture of potash^gjM 
nitrate or chlorate of potassium. It dissolves in water, forming an orange-yettPr 
solution, which has an astringent taste, colours organic substances black by coathag 
them with oxide, and is decomposed by acids, yielding a precipitate of the ses^w 
oxide. 

Tetr oxide of Ruthenium, RuO 4 . "Ruthenic tetroxide. Perrutkenic acid. iMli 4*w- 
kyperadure . — This volatile oxide, analogous to osmic tetroxide, is obtained by heating 
to dull redness, in a silver crucible, a mixture of 3 grammes of ruthenium with 24 grins, 
caustic potash and 8 grins, nitre, dissolving the fused mass in 48 grms.' of water, 
introducing the solution into a tubulated retort connected by a long condensing tube 
with a flask containing caustic potash, and passing chlorine into the liquid. The 
liquid becomes hot, and the tetroxide passes over, condensing in the neck of the retort 
and the tube, as a golden-yellow crystalline crust, which melts between 50° and 60°. 
Part of it, however, remains in the liquid, and may be separated by distillation. To 
purify it from adhering water and chlorine, it is melted in a tube under a layer of 
water ; it then crystallises on cooling, and may bo pressed between paper. 

Ruthenic tetroxide is a golden-yellow, crystalline mass, in which rhomboidal 
prisms may be distinguished. It is heavier than sulphuric acid, very volatile* 
vaporising even at ordinary temperatures, and emitting an odour like that of nitrotts 
aend ; inelts at 58°, forming a yellow liquid, which boils at about 100°. It dissolves 
sparingly in water, tho solution remaining unaltered in the dark, but decomposing 
rapidly oven in diffused daylight. It dissolves in hydrochloric acid, without losing its 
characteristic odour, and on adding alcohol to the solution, trichloride of ruthenium 
is formed. Sulphurous acid colours tho solution of ruthenic tetroxide red-purple, 
changing to violet-blue when heated. Sulphydric acid throws down a black precipi- 
tate of oxysulphido. The dry oxido moistened with strong potash, becomes hot, 
molts, and volatilises in great part, the rest gradually dissolving as rutheniate of 
potassium. (C laus, J. pr. Chem. lxxix. 28; Jahresb. 1859, p. 260.) 

RtjrTHENXTTIMK, SULPHIDES OF. Sulphydric acid, passed into a solution of 
cither of the chlorides of ruthenium, usually forms a precipitate consisting of sulphide 
and oxy sulphide of ruthenium mixed with free sulphur. The blue solution of the 
protochloride yields a dark-brown sesquisulphide, Ru\S s . When sulphydric acid gas is 
passed for a long time into a solution of the trichloride, disulphide of ruthenium, RuS*, 
is formed, as a brown-yellow precipitate, becoming dark-brown by calcination. 

AUTBEK-XTIM-COMPOTODB, AMMOWIACAL. a. JH-ammoniacal,— The 
oxide, Ru0.2NII* is obtained by evaporating a solution of the tctrammoniacal oxide, 
RuO. IN II 3 , in a dry vacuum, as a yellowish-brown spongy mass, formed of small, 
very deliquescent, crystalline laminae, containing 5 at. water. When placed on the 
tongue, it exerts a caustic action, stronger even than that of potash. Its salts 
resemble those of the following series, excepting that they are of a darker colour 

0. Tctrammoniacal . — Tho chloride, RuCl*.4NH*.3H*0, is obtained by dissolving 
1 pt. of chlororutheniate of ammonium, 2NH 4 Cl.RuCl 4 , in 16 pts. of water, boiling the 
solution for an hour with 30 pts. of caustic ammonia and 1 pt. of ammonium- 
cur bouate, evaporating to dryness over the water-bath, digesting the pulverised 
crystalline mass with 1 pt. of water, and washing it on a filter with weak alcohol, till 
the free sal-ammoniac is completely dissolved. The salt when dry is dissolved in 
4 pts. of hot water containing a little carbonate of ammonium ; and the solution, filtered 
while still hot deposits the salt on cooling in beautiful golden-yellow, oblique rhom- 
bic crystals, which are not very soluble in cold water, and quite insoluble in alcohol. 
The crystals retain their water till they are heated to a temperature at which they 



RUTHEBFOBDITE— BUTIN. 


139 


undergo complete decomposition, leaving metallic ruthenium. The solution has a 
strong tendency to form slightly soluble compounds with other metallic salts. Caustic 
potash does not eliminate ammonia from it at ordinary temperatures, but liver of 
sulphur immediately sets ammonia free ; with chloride of platinum, it immediately forms 
a precipitate of the compound RuCr*.4NH*.PtCl 4 . 7 

The chloride, treated with oxide of silver, yields the oxide Ru0.4NH*, which, how- 
ever, has not been obtained in the solid state, as its solution when evaporated gives 
off half its ammonia, leaving the oxide Ru0.2NH\ already described. The solution 
of the tetrammoniacal oxide resembles that of potash ,* it absorbs carbonic acid from the 
air, expels ammonia from its salts, precipitates metallic oxides, and dissolves alumina : 
it does not, however, exert any action on the salts of copper or silver. 

The oxygen-salts of this base, obtained by decomposing the chloride with the corre- 
sponding silver-salts, are Very soluble in water, but, for the most part, insoluble in 
alcohoL The carbonate, RuC0 3 .2NH , .5H 2 0, is soluble, strongly alkaline, and crystal- 
lises in light-yellow rhombic prisms. The nitrate . , Ru(N0 3 )*.2NH 3 .2H 2 0, forms small 

^ boi'dal prisms, having a sulphur-yellow colour and strong lustre, melts when heated, 
©composes with slight detonation. The sulphate, RuS0 4 .2NH s .4li*0, crystallises 
i a, fine transparent rhombic plates of a golden -yellow colour. When exposed to the air, 
they give off part of their water, and become opaque, acquiring a metallic aspect {Claus, 
J. pr. Chem. lxxix. 28 ; lxxxv. 129 ; Jahresb. 1859, p, 263 ; 1861, p. 320.) 


BXnBBUOBDZTB. A mineral from the gold-mines of Rutherford County, 
North Carolina, where it occurs in small, brown, monoclinic crystals, which exhibit in- 
candescence when heated. According to Sh e p ard (Sill. Am. J. xii. 209), it contains 
titanic oxide and ceric oxide ; according to T. S. Hunt (ibid. [2] xiv. 344), 68 per cent, 
titanic oxide, 12 lime, &c. 


RTJTXC ACID. Syn. with Capeic Acid (i. 742). 

3UJTXXE, A variety of native titanic oxide. (See Titanium.) 

RUTHIN. The name applied by Braconnot to a red resinous substanco (called 
clivin by Mulder), produced by salicin with strong sulphuric acid: probably impure 
ealiretin. 

RUT XW. C 25 H 2S 0 ,a . Itutinic Acid . Phytomdin. Mel in. Vegetable Yellow . 
(Weiss, Pharm. Centr. 1842, p. 903. — Borntriiger, Ann.Ch. Pharm.liii. 385. — Roch- 
1 e d e r and HI asi w e t z, ibid, lxxxii. 197.— W. Stein, J. pr. Chem. lviii. 399 ; lxxxviii. 
280. — Hlasiwetz, Ann. Ch. Pharm. xevi. 123 ; further, Chem. Cont.r. 1862, p. 449. — 
Z wenger and Dronko, Ann. Ch. Pharm. cxxiii. 145.— Gm. xvi. 500.) — A ghicoside, 
which appears to be very widely diffused in the vegetable kingdom. It was first ob- 
tained from garden rue, by Weiss and by Borntrager; afterwards from capers, the 
flower-buds of Capparis spinosa , by Rochleder and Hlasiwetz, also by Zwenger and 
Dronko; and from the so-called Waija , the undeveloped flower-buc]^ of Sophora japon ica, 
by Stein and by W. Martius (N. Jahrb. Pharm. i. 241). According to Stein, saf- 
flower yellow is uncrystallisable rutin ; the colouring matters of straw and of Mthalium, 
HippophaA and Polygonum Fagopyrum likewise agree in character with rutin. 

Preparation: 1. From Garden Rue. — The dried and comminuted plant is boiled for 
half-an-liour with common vinegar, and the expressed liquid is set aside for several 
weeks, or so long as it continues to deposit impure rutin. The deposit is washed with 
cold water, heated to boiling with 4 pts. of acetic acid and 16 pts. of watpr, filtered, 
and left for BOine days to crystallise. The crystals obtained thus, and by partial eva- 
poration of the mother-liquor, are dissolved in 6 pts. of boiling water ; the solution is 
treated with animal charcoal ; and, after addition of J of water, the alcohol is dis- 
tilled off. The rutin crytallisea from the residue after some days, the more readily the 
loss strongly the solution has been heated (Borntrager, Weiss). A green resin 
with which the rutin is contaminated is difficult to remove by crystallisation ; it is more 
easily got rid of by acidifying the alcoholic solution with acetic acid, and precipitating 
with neutral acetate of lead. On removing tho lead from the filtrate by sulphydric 
acid, and evaporating, the rutin crystallises, and may be recrystallised from boiling 
water. It still contains a substance resembling eoum^rin, from which it maybe freed, 
though with great difficulty, by repeated boiling with ether. (Zwenger and 
Dronke.) 

2. From Preserved Capers. — The capers are macerated in water for a few hours, 
after which the water is poured off, ana the capers are pressed ; this process is repeated 
twice, to remove salt and vinegar. The decoction, obtained by twice boiling the washed 
capers in not too large a quantity of water, throwB down, on standing for 24 hours, a 
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large quantity of yellowish-white flocks, which are collected, dried, and dissolved in 
boiling alcohol, whereby a gelatinous substance is left tmdissolved. The alcoholic 
solution is mitred with water, and the alcohol is distilled off; the residue then solidifies 
mi cooling, from crystallisation of rutin. The crystals are purified by pressing and 
recrystallisation from boiling water (Bochleder and Hlasiwetz). Z wenger and 
Dronke add to the solution in hot water a few drops of solution of neutral acetate of 
lead (too much would precipitate a compound of rutin and lead-oxide), and free the 
filtrate from lead by means of sulphydric acid. 

3. From Waif a. — The coarsely-bruised waifa is repeatedly boiled with alcohol of 
80 per cent., and the greater part of the alcohol is distilled off, whereupon the residue 
thickens to a pulp of impure rutin, amounting to 11 per cent, of the waifa employed. 
It is crystallised repeatedly from boiling water, and afterwards washed with cold water 
(Stein). To purify the rutin, hydrate of lead is added to the boiling alcoholic solu- 
tion, so long as it is coloured brown ; the solution is filtered ; and the rutin is thrown 
down from the filtrate by an additional quantity of 1 e ad- 1 iydr.it e. The latter pure 
yellow precipitate is decomposed by alcoholic sulphydric acid, and the filtrate is free 
from sulphide of lead, and evaporated to crystallisation. (Stein.) 

Properties. — Rutin crystallises from its aqueous solution in pale yellow-delicate needles, 
probably having the composition 2C 25 IT :a 0 l4 .5H 2 0. It has a slightly styptic, afterwards 
saline tasto. The crystals, heated to 100°, give off from 1*61 to 2*12 water, and 
leave a hydrate contamingC 28 H 28 0 ,a .2H>0 (mean of analyses, 49*61 C, 5*47 H, 45*02 O; 
calc. 49*66 C, 5*29 If, 45*05 O), which, at 150° to 160°, gives off its 2 at. water (5*63 
— 5*92 per cent.), and leaves anhydrous rutin, C“H”0 M , containing 52*66 C, 5*02 H, 
42*32 O (calc. 52*81 C, 4 93 H, 42*27 O). (Zwenger and Dronke.) 

Rutin is nearly insoluble in cold but dissolves easily in boiling water, forming a pale- 
yellow solut ion, which is decolorised by acids, and quickly deposits the rutin on cooling. 

It. dissolves slightly in cold absolute alcohol, freely in boiling alcohol of 76 per cent., 
and crystallises therefrom only on* concentration and addition of water. It is insoluble 
in boiling ether. It dissolves freely in hot acetic acid , and is partially deposited on 
cooling. By digestion with moderately dilute mineral acids, it acquires a lemon-yellow 
colour, and is rendered paler again, by water; when heated with acids, it dissolves and 
suffers decomposition {infra). It absorbs hydrochloric acid gas. (Stein.) 

Rutin dissolves easily in alkalis and alkaline carbonates — also in baryta stroniia-,\ ind 
lime-water , forming yellow solutions, which deposit the rutin unaltered on addition of 
acids, and turn brown in the air from absorption of oxygen. According to Stein, it de- 
composes carfutnale of sodium and ftrrocyanidc of potassium. It is coloured dark-green 
by ferric chloride, brown-red to greenish by ferrous chloride. Acetate of lead, added to 
an alcoholic solution of rutin, or in excess to aqueous rutin, forms a yellow precipitate 
containing C rt H 28 0 ,s .2Pb"0. (Borntrager; Bochleder and Hlasiwetz.) 

Decompositions. — 1. Rutin, after dehydration at 160°, cakes together at 190°, and 
then melts to a yellow viscid liquid, which, on cooling, solidifies to an amorphous 
^mass, and takes up water when immersed in it. When more strongly heated it is 
carbonised, emitting an odour of caramel, and yielding a distillate containing quercetin 
(Zwenger and Dronke). Rutin, melted at 180°, forms a yellow viscid liquid on 
cooling, and partly crystallises ; at 220° a yellow sublimate is produced (Bor ntriig er). 
Over a bath of oil of vitriol, rutin becomes coloured at 100°, melts at 120°, giving 
off gas-bubbles, boils at 200°, and is decomposed at 290°, yielding products of distil- 
lation. The water evolved at 200° over the oil-bath contains formic add ; a solution. 

6f the melted mass in a little boiling water throws down amorphous quercetin on 
stnding (Stein). — 2. Nitric acid boiled with rutin produces chiefly oxalic acid 
(Zwenger and Dronke). According to Stein, it forms picric acid with a trace of 
oxalic acid. Cold nitric acid colours rutin yellow, then quickly olive, and at last red- 
brown . (Stein). — 3. Rutin forms with oil of vitriol a brown-yellow (olive-green, 
according to Rochledor and Hlasiwetz), afterwards brown-red solution, without libera- 
tion of sulphurous acid ; water throws down from the solution, after an hour, olive- 
grpen flocks, after twelve hours a tiolet precipitate ; and the supernatant liquid, when 
evaporated and fre*d from sulphuric acid, yields easily soluble crystals (Stein). — 

4. When boiled with dilute mineral acids, rutin splits up into sugar (Stein) and 
quercetin (Hlasiwetz). The decomposition takes place with peculiar rapidity in an 
alcoholic solution ; it is also effected by formic acia, especially at a temperature of, 
110°. When rutin is dissolved in boiling acetic acid of 60 per cent., and again crystal- 
lised, the amount of carbon in the crystals (dried, at 120°) is increased to 61*8 or 52 
percent. ; it now reduces copper solutions, and has, therefore, been partly converted 
into quercetin (Stein). The decomposition is not effected by emulsin (Zwenger and 
Dronke). From 100 parts of rutin, dried at 100°, 39*24 to 43*25 parts (mean 41 * 9 ) 
of quercetin were obtained, corresponding with the equation, 

C®H= 8 0> 5 + 3H 3 0 .«= C'*H ,# 0* + 2C # H , ’0*. 
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Calculation, 43*37 per cent, quercetin (Zwengcr and Dronkeb Hlasi w«t* 

Akad. Ber. 17. 400) opined 68 03 p^r cent, quercetin and 44 5 percZ^ 

5. Butin, treated in aqueous or alcoholic solution with sodium-amalgam, if , converted 
* into pamcarbhamin. (Stem, ir. 341.) 

6. It reduces nitrate of silver and trichloride of gold \ not cuprate of potassium. 
With water and silver~oxide t it forms a dark-red liquid, which leaves, on evaporation, 
a brown amorphous residue. (Stein.) 

xurnric ACID. Syn. with IIutin. 

EUTZN-81TOAR* This sugar, isomeric with glucose, is produced, together with 
quercetin, by boiling rutin with dilute sulphuric acid, and, after removing the quercetin 
and sulphuric acid, may be obtained, by evaporation, solution in alcohol, and precipi- 
tation with ether, as a colourless, uncrystallisable syrup. It does not act on polarised 
light; reduces cuprate of potassium in the cold; yields with boiling nitric acid, oxalic 
but no picric acid ; and is not fermentable. 

EtTTYLi Syn. with Capryl , C I0 H l9 O, the radicle of rutic or capric acid. It is 
also applied, but incorrectly, to the alcohol-radicle C'°IP l , properly called Dccyl. (See 
Appendix.) ' . - 


&UTTK3NS. C 10 H 19 . (A. .Bauer, 'Ann. Oh. Pharm. cxxxv. 344 ; Bull. Soc. 

Chim. 186,5, ii. 265.) — A hydrocarbon polymeric with acetylene, and perhaps identical 
with menthene, produced by the action of alcoholic potash on tribromide of diamylene, 
C ,0 II"Br*. It is related to diamylene and rutyl (C ,0 H 19 O), in the same manner as 
valerylene, (PH®, is related to amylene and valeryl, and tocampholic acid, C |U I1 |B 0 2 , in 
the same manner as crotonylene, C*H a , to crotonic acid, C*H®0*. 

Butylene is a colourless liquid, lighter than water, and having an agreeable odour, 
somewhat like that of turpentine-oil. Boils at about 150°. Vapour-density, obs. 
4*843 ; calc. 4*778. It is insoluble in water, soluble in alcohol and in ether. Bromine 
attacks it strongly, with formation of hydrobromic acid and separation of charcoal. If, 
however, rise of temperature be prevented, di bromide of rutylene, CTl'^Br 2 , is 
formed. This is a very unstable compound, w*hioh decomposes even at ordinary tem- 
peratures, and acts strongly on acetate of silver and on alcoholic potash, probably 
forming, in both cases, the hydrocarbon C ,0 H l *. " • 

KTACOLITE, or Rhyacolite (from a lava-stream). A mineral from 

Vesuvius, having the crystallisation of felspar, and resembling the glassy variety. 
(Dana, ii. 240.) 

RYE. See Ckkeals (i. 823). — Ergot of Bye ( Cla viceps purpurea. T ) con tain’s, 
according tn Neidhurdt (N. Jahrb. Pharm. xviii. 193 ; Jahresb. 1862, p. 516), 31 06 
per cent, fat oil, 2*69 resin, 1*3 red colouring matter, 0 8 mannito [rnycose, according to 
Mitschcrlich and Berthelot, iii. 1068], and 3*9 osmazome, together with phos- 
phates, a volatile base (trimethylamine), gum, and fungin (cellulose with red colouring 
matter). The ergotiue of Wiggerg (ii. 199) is regarded by Ncidhaixit us resin. 

Ergot may be detected in rye flour liy first boiling the flour twice with alcohol, to 
.remove fatty and resinous matters, then treating the expressed residue with alcohol, 
and adding from 10 to 20 drops of dilute sulphuric acid. If the rye-flour is free from 
ergot, the liquid remains colourless, or exhibits only a faint yellowish tinge; in the 
contrary case, it acquires a red colour, more or less deep, according to the quantity of 
ergot present. (Jacoby, Anal. Zeitschr. Bi. 509; Bulb Soc. Chim. 1866, i. 267. . Sea 
also Handworterb. de Chem.vii. 730.) 


s. 


8 A BADHLA SEEDS. The seeds of Veratrum SdbadUla (Betz), or V eratrum 
officinale (Schl.), a colchiaceous plant indigenous' in Mexico,, contain, according to 
Couerbe (Ann. Ch. Phyg. [2] lii. 352), two organic bases, veratrine and sabadilRne, 
and two acids, sabadillic or cevudic acid (i. 843), and veratric acid, together with helouin 
or veratrum-resin. 

S aba dil line, C**H**N 2 O s , according to Couerbe, is extracted by exhausting the 
pulverised seeds with alcohol of specific gravity 0*845, treating the residue left* on dis- 
tilling off the alcohol with dilute sulphuric acid, decolorising the liquid with animal 
charcoal, and adding caustic potash, which precipitates sabaailline, hydrosab&dilline, 
and veratrine, together with two non-basic substances. This precipitate is dissolved in 
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dilate, sulphuric acid, and the solution is mixed with nitric acid as long as a black 
pitchy precipitate is produced. The liquid filtered therefrom is precipitated by caustic 
potash ; the precipitate is washed, dried, and dissolved in absolute alcohol ; and the 
Twuaa remaining after evaporation of the alcohol is boiled with water, which takes up 
sabadilline ana hydrosabadilline. The former separates on cooling in stellate groups 
of apparently cubic crystals, which have a faint rose colour, but may be rendered 
colourless by reciystallisation. 

Sab adil line has an extremely acrid taste : it begins to melt at 200°, and decomposes 
at higher temperatures, emitting fumes, and leaving a bulky cinder. It is moderately 
soluble in hot water, the solution having a distinct alkaline reaction, freely soluble in 
alcohol, insoluble in ether. It is decomposed by strong mineral acids, but forms 
crystallisable salts with dilute sulphuric and nitric acids. * 

According to Simon (Pogg. Ann. xliii. 493), sabadilline is not a definite substance, 
but a mixture of resin, alkali, and veratrine, the latter being precipitated by ammonia 
from the solution of the so-called sabadilline in sulphuric acid. According to 
lliibschmann, on the other hand (Mittheilungen des Schweizcr Apotkekervereins, 
Band iii. Heft 1), sabadilline is a definite compound, and is distinguished from 
veratrine by not exciting snoozing, by its insolubility in ether, and by not being pre- 
cipitated by ammonia from its solution in sulphuric acid. 

Hydrosabadilline or Sahadilla yum-resin, CJ* # H* B N*O t , differing from sabadilline by 
the elements of 1 at. water, is contained, according to Couerbe, in the aqueous mother- 
liquor of the latter, and separates on evaporation in oily drops, which solidify to a 
reddish resinous mass. It melts at 165°, is very soluble in alcohol, nearly insoluble in 
ether, has an alkaline reaction, and unites with acids, but does not form crystallisable 
salts. 

O 4 

(H e i n t z, Pogg. Ann . cvi. 93 ; 


II« 

C*H'*O a « (C a H 4 0*) Tl 
H 4 


Jahresb. 1859, p. 290.) — This compound separates as a white precipitate wlien dry 
ammonia-gas is passed into an ethereal solution of ethylie saccharate (p. 143). It may 
be crystallised from warm water, but is converted by boiling with water into saccha- 
rate of ammonium, and is quickly decomposed by acids into ammonia and saccharic acid. 

H 4 ) 

SACCHARIC ACID. C«H 10 O a «= (C»HW [ O*.— An acid, isomeric with 

H* I 


mucic acid, produced by the action of nitric acid on cane-sugar, glucose, milk-sugar, and 
mannite. It was first observed by Sell eel o (Opusculft, ii. 203), who mistook it for 
malic acid, and it has been studied by Guerin-Varry (Ann. Ch. Phys. [2], xlix. 280; 
lii. 318; lxv. 332), Erdmann (Ann. Ch. Pliarm. xxi. 1), Hess (ibid. xxvi. 1; 
xxx. 402), Thaulow (ibid, xxvii. 113), Liebig (ibid. xxx. 313; cxiii, 1; Jahresb. 
1859, p. 261), and Heintz (Pogg. Ann. Ixi. 315; cv. 211; cvi. 93; cxi. 265, 291 ; 
Jahresb. 1858, p. 251 ; 1859, p. 290; 1860, p. 259). See also Gra. xi. 613; Gerh. ii. 
145 : KekulA’s Lchrbuch, ii. 238. 

Preparation. — 1. One part of cane-sugar is warmed with 3 pts. nitric acid, of specific 
gravity 1*25 to 1*30, till a reaction is set up ; the vessel is then removed from the 
fire; and after the first brisk action is over, and the liquid has cooled to 60°, it is 
kept at that temperature over n moderate fire as long as red fumes continue to escape. 
It is then diluted with half its bulk of water, and divided into two parts, one of which 
is saturated with carbonate of potassium, and then mixed with the other; or the entire 
liquid may be neutralised with the alkaline carbonate, and then treated with excess of 
acetic acid. The liquid, after several days’ repose, deposits crystals of acid potassic 
saccharate, which may bo purified by repeated crystallisation from boiling water, with 
addition of animal charcoal, if necessary (Heintz). Or the acid ammonium-salt 
may be prepared instead of the potass ium-salt.- (Li ebig.) 

2. When 1 pt. of milk-sugar is oxidised with 2} pts. nitric acid of specific gravity 
1*32, diluted with 2^ pts. water, mucic acid (about 33 per cent.) is first formed and 
separates out ; and the liquid filtered therefrom, consisting chiefly of a solution of 
saccharic acid, may be concentrated at a gentle heat to about ono-third, and 
neutralised with carbonate of potassium. 

Free saccharic acid is best prepared from the cadmium-salt. The acid saccharate 
of potassium or ammonium is dissolved in boiling water ; the solution, neutralised with 
potash or ammonia, is mixed at the boiling heat with the solution of a cadmie salt, and 
boiled for some time, and the cadmie saccharate thereby precipitated is decomposed by 
aulphydric acid. (Heintz.) r * 

Properties. Saccharic acid is not crystallisable, but if rise of temperature has been 
avoided during its preparation, it may be obtained in the form of a colourless brittle 
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mass. It is deliquescent, easily soluble in water and alcohol, insoluble in other. The 
solution of saccharic acid prepared from cane-sugar is dextrorotatory. 

Decomposition*. — Saccharic acid tunas brown even at the heat of the water-bath, 
ft reduces the metal from solution of auric chloride , and when heated, also from ammo- 
niacal silver-solution. When oxidised by nitric acid, it yields, first, dextrotartaric, 
then oxalic acid. When heated with hydrate of potassium to 250°, it yields acetate 
and oxalate of potassium : 

C*H 8 K a O* + 2KHO c 2C*IFKO a + C 8 K«0« + 2H 8 0. 

Saccharate. Acetate. Osculate. 

Saccharates. — Saccharic acid is mostly dibasic, forming, with the alkali-metals, 
both neutral and acid salts* With lead, however, it forms a salt containing 3 at. of 
metal, which replace 6 at. of hydrogen. 

The acid potassium-salt , CMPKO*, prepared as above, forms trimetric crystals, ex- 
hibiting tho combination ooPoo , ooP. .Poo , Angle ocP ; ooP = 103° 26° ; Poo : too 
= 131° 46. Axes a : 6 : c = 1*7631 : 2*2338 : 1. Cleavage easy, parallel to oP. It 
is somewhat difficult of solution in water, 1 pt. of it requiring from 80 to 90 pts. of 
water. The neutral potassium-salt , C 6 H*K 3 O m , forms a crystalline crust. The acid 
ammonium-salt , C*H*(NH 4 )0“, forms quadrilateral prisms, about as soluble as the 
corresponding potassium-salt. The neutral ammonium-salt and the sodium-salts have 
not been obtained in the crystalline form. 

Sacckarate of barium , C*H # Ba"0", and the corresponding strontium - and calcium - 
salts, are precipitates insoluble in water, and when obtained from hot solutions, consist 
of microscopic crystals. Free saccharic acid does not precipitate the Balts of barium, 
strontium, and calcium, but forms precipitates with baryta-, stontia-, and lime-water. 
Soluble saccharates, even the acid salts, form precipitates with barium-, strontium-, and 
calcium-salts. 

The magnesium-salt , C 6 H R Mg"0 8 .3H- , O l tho zinc-salt , C fl II ,l Zn"OMI a O l and tho 
cadmium-salt , C*H 9 Cd *0®, are crystalline, nearly insoluble in cold water, somewhat 
soluble in boiling water. When neutral saccharato of potassium or ammonium is 
precipitated by a cold solution of cadmium-salt, a flocculent precipitate is formed, 
which cakes together into a resinous mass ; if the *wo solutions are mixed at the boiling 
heat, a white heavy powder is formed, consisting of microscopic needles. 

The bismuth-salt is obtained, # as a flccculent precipitate, on adding neutral saccharate 
of potassium to a solution of bismuth-nitrate in a large quantity of water. The 
copper-salt is obtained by dissolving cupric hydrate in aqueous saccharic acid. The 
green solution, if free from excess of acid, deposits a green precipitate, which does not 
blacken when boiled. The ferrous salt is obtained, as a gummy mass, by dissolving 
metallic iron in saccharic acid and evaporating. Ferric hydrate dissolves with yellow- 
colour in saccharic acid and sacch urate of potassium. 

Saccharates of Lead . — These salts vary greatly in composition, according to tho 
manner in which they are prepared. When saccharate of potassium is boiled with 
excess of neutral lead-acetate, a resinous salt separates, agreeing approximately in 
composition with the formula C ,8 H H P*b 3 O la ; and by boiling the solution decanted there- 
from, an amorphous salt is obtained, corresponding with the formula C a HfP"b 8 O s 
(H ai n tz). Thaulow, by tho same process, obtained a heavy granular precipitate, haying 
nearly the composition C ,8 H 10 P"b 4 0 18 . If the boiling be prolonged, the precipitate 
becomes continually richer in lead, and after 9 or 10 hours’ boiling, has the com- 
position C“H 4 P*VO\ ( II e i n t. z. ) 

Saccharate of silver , C a H 9 Ag 2 0 8 , is obtained by mixing the neutral potassium-salt 
with nitrate of silver, as a white precipitate, which, in presence of an excess of the 
potassium -salt, remains white on boiling and becomes crystalline. It is very soluble 
in ammonia, the. solution depositing metallic silver when boiled. 

BACCHAKXC BTHSRS. Neutral Ethylic saccharate. OH^&EPyO*, is obtained 
by passing hydrochloric acid gas into a solution of saccharic acid in absolute alcohol ; 
or, better, into absolute alcohol containing saccharate of calcium in suspension. In 
the latter case, a crystalline compound of ethylic saccharate and chloride of calcium, 
20*H s (C 2 H s ) 2 O 8 .Ca"Cl 2 , separates, which is easily soluble in water, slightly soluble 
in alcohol, insoluble in ether. On dissolving this compound in a small quantity 
of water, adding a little alcohol, and a strong solution of sodic sulphate, evaporating 
quickly to dryness in a vacuum, exhausting the residue with alconol, and adding a 
large quantity of ether, a solution is obtained, which, when left to evaporate, leaves 
the neutral ethylic saccharate in the form of a syrup, which gradually solidifies to 
a crystalline mass. ' It is easily soluble in water and in alcohol, slightly soluble 
in ether. The ethereal solution, treated with dry ammonia-gas, yields sacchar a mide 
(p. 142). (Heintz, Po g g. Ann. cv. 211 ; Jahresb. 1968, p. 261.) 



METER. 


144 



EtKyl-Baeeharic acid, C*B»(C *&)&> )** jet been obtained; but. by passing 

hydrochloric acid gas into absolute alcohol in which acid saccharate of potassium was 
suspended, Heintz obtained a crytallisable compound, C i H , (C*H 5 )0 8 , containing 1 at. 
water less than ethyl-saccharic acid— probably the ethylic ether of the first anhydride 
Of saccharic acid : thus — ^ 


(C*H 4 07 '| 0i 

Anhydride. 


tncwo*)"} Q5 


SACCHARID. C"H lo O\ — A compound produced, according to Gel is (Compt. 
rend, xlviii. 1062; Jahresb. 1859, p. 517), by heating cane-sugar for some time to 
160°. The sugar is then converted into a mixture of saccharid and dextroglucoso : 
0i2jj;rto n =» 01I ,0 0 S + C fl II l2 O a ; it acquires the appearance of fruit-sugar; only half 
of it is fermentable; and it reduces only half as much cupric oxide in alkaline solution 
as an equal quantity of glucose or inverted sugar. By the action of dilute acids, how- 
ever, it is rendered wholly fermentable, and then behaves towards reducing agents lifeo 
ordinary glucose. 


BACCBAAZDES. Bortlielot applies this term to compounds formed by heating 
dextroglucose, and other kinds of sugar, with organic acids. The formation of these 
compounds is attended with elimination of water, and they are capable of breaking up 
again, by assimilation of water, into the original acid and carbohydrate: e.g . — 


2C < H 8 0 2 + 

C‘H 15 O s - 3BX> 

= C u H«0 7 . 

Butyric acid. 

Glucose. 

lBlmtyro- 

glncose. 

6C*II 4 0* + 

C 6 H ,2 0* - 7H*0 

- C , "H*0". 

Acetic acid. 

Glucose. 

Hexaceto- 

vlucose. 

4C 4 H a O a + 

C fl H ,2 0* - 5H 2 0 

= C 2lf H M 0 2 *. 

Tartaric acid. 

Glucose. 

Glucaso-tetra- 
t&rtaric acid. 


The saccharides are subdivided into gluco sides, or those produced from dextro- 
glucose; levulosides, from laevo-glucose ; galac tosid os, from lactose or milk- 
sugar; and i no sides, from inosite. The naturally occurring bitter principles, which 
are resolvable by boiling with dilute acids into an organic acid and glucose, but 
have not been prepared artificially, are analogous in composition to Berthelot’s 
saccharides. Bertbolot likewise includes under saccharides the compounds formed by 
the action of acids on starch, dextrin, cellulose, and other carbohydrates : e.g. r xyloi- 
din from starch and nitric acid, pyroxylin from cellulose and nitric acid. 

The formation of the saccharideB occurs for the most part by long contact at 100° or 
120°; with some kinds of sugar, as with trehalose, the temperature may be raised as 
high as 18() b . Only a part of the sugar thus enters into combination. — They are 
decomposihle into their constituents under the same conditions as the fats, but with 
greater difficulty. Water scarcely acts upon them at 100°; nt higher temperatures 
the sugar itself would be destroyed. Continuous boiling with dilute acids decomposes 
them completely into the original acid and fermentable sugar; part of the latter, how- 
ever, easily undergoes a further decomposition into glucic acid and humus-liko bodies. 
Some saccharides suffer decomposition by contact with ferments. 

The saccharides, like the natural fats, are soluble in water when they contain a ' 
volatile acid ; insoluble when they contain a fixed acid. The soluble saccharides have 
an intensely bitter taste; they deflect the polarisation in the same direction as the 
sugar from which they are derived ; none of them are volatile, but some of them emit 
a peculiar smell when warmed. 

Respecting the classification of the saccharides, see Bert helot, Chimie Organique 
fondee sur la Synthase , , ii. 271 ; also Gindin's Handbook } xv. 317. 


BACCHARIMETERB and BACCHAROMETERB. Instruments for deter- 
mining the amount of sugar contained in solutions. The latter term is* however, 
applied more especially to hydrometers graduated for the purpose. (See Sugar.) 

SACCHARXTE. A granular variety of andesin, having traces of cleavage in one 
direction, occurring in veins in serpentine at the chrysoprase mines near Frankenstein 
in Silesia. Specific gravity = 2*668. Contains, according to Schmidt (Pogg. Ann. 
lxi. 386), 68-93 per cent, silica, 23*50 alumina, 1-27 ferric oxide, 6*67 lime, 0 56 
magnesia, 0*06 potash, 7*42 soda, 0*39 oxide of nickel, and 2*21 water. 

BACCBASOZA. a name given by Kane to a sweetish substance, probably 
identical with orcin, produced by the decomposition of Heeren's pseudo-erythrin 
(ethylic orsellinate). 


See Saccharine teb. 
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8ACCBAAITM. Syn. with Sugab. -i 

8ACCHV&MZH, BACCBVXMZC ACID. Brown substances obtained in the 

decomposition of sugar by dilute acids. (See Ulmin.) 

safety- LAMP, (See Combustion, L 1 1 01# 't 

SAFETT-TUBE. An arrangement adapted to a gas -gene rati ng vessel, to prevent 
tho liquid into which the delivery -tube dips, from passing back into the vessel, in con- 
sequence of diminished internal pressure* The simplest form consists of a straight 
tube passing through the co&OT the generating vessel and dipping below the surface of 
the liquid, or of a tube bent twice at right angles, passing just through the cork, so 
that a portion of liquid may remain in the lower band, and form a liquid joint, cutting 
off the communication between the inside of the vessel and the external air. In either 
case, when the pressure within the vessel becomes less than that of tho atmosphere, air 
will pass in through the safety-tube and restore the equilibrium. The safety-tube 
likewise diminishes the danger of bursting from sudden increase of tension within tho 
vessel. (For figures of various forms of safety-tube, see Handwortcrbuch dcr Chvmie, 
vii. 853.) 

8AFFBORITE. Native arsenide of cobalt, containing a considerable quantity of 
iron. (See Cobalt, i. 1042.) 

8AFF10WEB. Carthamu* tinctorius (i. 808). 

SAFFROir. A yellow substance, consisting of tho dried stigmas, with part of the 
styles, of the saffron crocus ( Crocus sativus), a plant, indigenous in Greece and Asia 
Minor, and extensively cultivated in Austria, France, and Spain, formerly also in 
England. The stigmas are from an inch to 1 J inch long, narrow and roundish where 
they are attached to the style, but spreading und club shaped near the extremity, which 
i» truncated. They have an orange or brownish-red colour, yellow in the narrower part, 
a strongly aromatic, almost intoxicating odour, an aromatic bitter taste, and impart a 
strong yellow colour to tho saliva, as also to water, alcohol, and oils. Strong sulphurio 
acid colours them first indigo-blue, then red, and finally brown. 

Saffron is used as a dye ; also in medicine, chiefly for the colouring of tinctures, &c. 
On account of its high price, it is often adulterated with other imbalances of similar 
colour, such as tho florets of tho safflower or the marigold, slices of the flowers of tho 
pomogranafe, &c. ; but these substances are easily detected, on close examination, by 
their different shape and colour. Saffron was formerly met with in two forms, culled 
hay-saffron and cake-saffron ; but the former is now alone in demand, the latter 
bring entirely an artificial compound of the florets of the safflower, gum, and other 
materials. 

According to an analysis by Bouillon-Lagrange and Vogel, saffron contains 7 *5 per 
cent, of volatile oil (including stearoptene), 85 0 saffron-yellow or safranin, 0*5 wax, 6*5 
gum, 0*5 albumin, 10*0 vegetable fibre, and 10*0 water. 

Quadrat, by evaporating an ethereal extract of saffron, obtained a yellowish fatty 
liody, which was partially soluble in boiling alcohol, and when treated with hot water 
left a snow-white residue, melting at about 48°. As the alcohol cooled, crystals sepa- 
rated out, while a fatty body (? oleic acid) remained in solution. Similar crystals were 
likewise obtained by directly boiling the saffron with absolute alcohol, and leaving the 
liquid to cool. Quadrat also found in saffron, glucose and a perhaps peculiar acid. 
Saffron when burnt left 8*9 per cent, ash, containing potash, soda, lime, magnesia, 
chlorine, sulphuric, phosphoric, silicic, and carbonic acids. (. Handtv . d. Chem ., vii. 61 ; 
Penny Cyclopedia, xx. 309.) 

8 ArXAXrXBr, or BAFFBOir-TB&LOV. (Bouillon-Lagrange and Vogel, 
Ann. Chim. lviii. 198. — N. E. Henry, J. Pharm. viii. 399.— Quadrat, Jj^r. Chem. lvi. 
68.) — A colouring matter obtained, though not in the pure state, from saffron. Quadrat 
prepares safranin by first exhausting saffron with ether, then boiling it with water, 
and precipitating the decoction with acetate of lead, decomposing the precipitate with 
sulphydric acid, then washing it, and boiling it with alcohol of 40 per cent. The 
alcoholic solution when concentrated first deposits crystals of sulphur, and on 
evaporating the remaining liquid to dryness, dissolving in water, filtering, and again 
evaporating, safranin is obtained as a roseate inodorous powder, easily soluble with 
yellow colour in water and alcohol, very slightly soluble in ether, and slowly altering 
by exposure to light and air. It is coloured blue by strong sulphuric acid, green bv 
nitric acid, blackish by hydrochloric acid. Ho ch 1 e d er (J. pr. Chem. lxxiv. 1 ) regards 
saffron-yellow as identical with the colouring matter of the pods of Gardenia grandu 
flora, and designates both as orocin (ii. 108). 

SAOAFBVI If ML. A gum-resin imported from Egypt and Persia, end probably 
derived from Ferula pereica. It occurs in commerce, in yellow or reddish agglomerated 
Vol. V. L * 
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granules, having an odour of garlic and an acrid bitter taste. It softens in the 
hand, but does not melt at a higher temperature. Ctont^^^grdiDg to Braudes, 
volatile oil, two resins , bassorin, gum, malic acid, ash, and impieties. --It yields um- 
belliferone 4 by dry distillation (Sommer), and when treated with nitric amd, forms • 
etyphnie orotber acids. (Bottg^rand Will > Brandes, N. Tr. u. 2, 97; Pelletier, 
Bull. Pharm. iii. 481.) . A . ... . r . . ... 

The volatile oil of sagapenum is obtained by distillation with water. It is lighter 
than water, yellow, limpid, and has a repulsive odour of garlic. When exposed to 
the sun and air, the oil is converted into a transparent varnish, acquiring at the same 
time a smell of turpentine. Strong nitric acid, when heated with it, turns it thick and 
yellowish-red, with formation of oxalic acid. It assumes a dark-red colour with oil of 
vitriol , and dissolves in alcohol and ether. (Brandes.) 

The alcoholic extract of sagapenum is resolved by ether into two resins:— 
a . The resin insoluble in ether is brown-yellow, brittle, inodorous and tasteless, and 
fusible when heated. It dissolves easily in warm caustic potash and in alcohol, but 
is insoluble in aqueous ammonia, and in volatile and fat oils. — b. The resin soluble-in . 
ether is red-yellow, transparent, tough at first, and has a slight odour of sagapenum, 
and a mild, afterwards bitter taste. It melts when warmed, and dissolves with 
dark -red colour in oil of vitriol. It dissolves slightly in aqueous ammonia, partially 
only in caustic potash, easily in alcohol and ether, and veiy slightly in hot oil of tur- 
pentine and oil of almonds. (Brandos.) 

Sagapenum treated with cold alcohol of specific gravity 0-83, yields a pale-yellow 
solution, a considerable residue soluble in water remaining behind. The palo-yellow 
resin, which remains on evaporating the alcoholic solution, has a strong smell of garlic, 
melts at 100°, and gives up to water, when repeatedly boiled therewith, a substance 
having a bitter and onion-like taste: the residue dried at 110°, dissolved in alcohol, 
again evaporated, and dried at 66°, is semifluid, and contains 69*06 per cent. C, 8-51 
H, and 21*43 O; after boing melted for some hours at 100°, it is darker, but still 
remains sticky, and contains 69*84 per cent. C, 8*63 H, and 21*63 O. (Johnston, 
Phil. Trans. 1840, p. 361.) 


SABXHrXTB. A variety of Rutile. (See Titanium.) 

BAOO. A kind of starch, prepared in the islands of the Indian Archipelago, 
Madagascar, and Ghiinoa, from the pith of the stems of certain palms: e.g., Sagas Bum - 
phii W., S. furmifera Giirtn., 8. Bqffia Jacq., S. Baphia P. R, 8. he.vis Jacq., 8. 
genvina Labill. &c. ; and in China and Japan from certain Cycads, as Cycas eirdnalis L. 
and Cycns revoluta L. The pith is well stirred up with water on sieves ; and the 
starch deposited from the water is washed, half dried in the air, then rubbed through 
suitable sieves, to granulate it; and finally dried, either in the open air, or in ovens at a 
heat of about 60°, whereby the grains become more or less horny and translucent. 

Several kinds of sago are distinguished : — White sago forms irregular puro white 
grains; red sago , round regular grains, brown -red on one side; brown sago, round 
irregular grains of various sizes, and of a grey- brown colour, lighter in puTts ; pearl 
sago , yellowish grains of the size of a. pin’s head. The specific, gravity of sago varies 
from 0*670 to 0*776. The grains, when steeped in cold water, take up more or less 
of it, and swell up to several times their original bulk, becoming transparent and gela- 
tinous. The water takes up a small quantity of chloride of sodium, and gives a blue 
colour with iodine, as does also the swelled sago itself. The microscope shows that 
the external layers of the grains have been most disorganised by the heat employed 
in drying the sago. 

The so-called “German sago” is prepared from ordinary wheat or potato-starch, and 
is granulated in the same manner as genuine sago. It is pure white, only partly 
semi-translucent, less hard and moro friable than true sago. 

8ABLXTB, A variety of Augite, from Sahla, in Sweden. It has a dingy green 
colour, and is coarsely foliated, urising from composition parallel to the base. 

SAB. The Latin names formerly used in chemistry to distinguish salts are in some 
cases still retained in pharmaceutical language. The following are examples of these 
names ; — 


Sal acetosellte. Acid oxalate of potassium. 
Sal alkali minerals. Carbonate' of sodium. 
Sal alkali vegetable. Carbonate of potas- 
sium. 

Sal alkali volatile siccum , or simply Sal 
volatile . Carbonate of ammonium. 

Sal amarum. Sulphate of magnesium. 


Sal aperitivum Friedtricianum . Sulphate 
of sodium. 

Sal auri philosophicum. Acid sulphate 
of potassium. 

Sal cdtharticum. Sulphate of magnesium. 

Sal cornu cervi. Carbonate of ammo- 
nium. 
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Sal de duobut. Neutral sulphate of po- 
tassium. 

Sal digestivum Syhrii. ? Chloride of potas- 

Sal ftorifugum Sylvii . } sium. 

Sal duplicatum. Neutral sulphate of 
potassium. - 

Sal mart is. Crystallised ferrous sulphate. 

Sal microcosmicum. Ammon io - &o die 

phosphate. 

Sal mirabile perlatum. Disodic orthophos- 
phate. 

Sal narcoticum vilrioli. Boric acid. 


Sal polychrcst am Glaser », & Lameriamtm. 
8 . Parisiense . Neutral sulphate of po- 
tassium. 

Sal polgchrestum $eignctH.* r $axtrr\tQ of 
potassium and sodium. 

Sol Batumi. Acetate of lead. 
fSdl seen turn Glaubi ri. Sulphate of am- 
monium. 

Sal stdatrntm lioiuln rgii. Boric acid. 

Sal stove ii/i. Amber. 

Sal (art an. Carbonate of potassium. 

Sal urines fxum, S. fusible, S. nativum. 

Ammonio-sodic phosphate. 


SAlAMAMTOSHt The common salamander, Lacerta salantandra (L.), secretes, in 
the warts of its skin, a white milky liquid, which lias a strong offensive odour and 
distinct acid reaction, is somewhat viscid when fresh, and quickly coagulates ; alcohol 
causes it to coagulate immediately. This liquid, when introduced under the skin of 
other animals, exerts a strong poisonous action: in birds it produces violent convulsions, 
ending in death; in mammals the convulsions are much less violent, and the morbid 
Symptoms ultimately disappear without fatal result. The poisonous principle is said 
to be of basic nature, and soluble in alcohol. (Gratiolet and Cloez, Compt. rend, 
xxxii. 692; xxxiv. 729.) 


8 AliAXr GAlff A. Hirundo esc? dent a. — This bird is said to construct the edible 
nests obtained by the Chinese from the coasts of Cochin-China, Java, and other islands 
of the Indian Archipelago. According to Mulder (J. pr. Chcrii. xvii. 59), the nests 
usually have the form of a spoonVi thou t the handle; they are white or slightly coloured, 
have a vitreous fracture, and contain about 90 per cent, of a peculiar nitrogenous sub- 
stance, which he calls reossin ; also about 5 per cent, phosphates, and a small quantity 
of fat. According to Payen (Prlcis de Chimie Industrie! le, 4me, <5cl. ii. 727), the nutri- 
tive matter of these nests, to which he gives the name of cid)ilos<\ exhibits the cha- 
racters of the neutral albuminoids. 

SALEP. Salcb, Sahib. — The tuberose roots of certain species of orchis, as Orch 's 
Morio , O. inascula, (). cariophoru*, O. mUitaris , O. lat{folia t O. mwu/ata , &e. The roots 
are gathered ill summer, when the tuber of the previous year has died away, and the 
new one is fully developed. They arc soaked for a few minutes in boiling water, and 
then dried. Salep thus prepared forms round or hand-shaped, somewhat flattened, 
horny, translucent, greyish-yellow lumps, having a sickly taste and faint peculiar odour, 
and easily reduced to a dirty yellow powder. Ill cold water this powder swells up 
slowly, in hot. water quickly, to a bulky Bemi-trunsparent jelly. One pt. of salep is 
capable of converting 48 pts. of boiling water into a thick gum, w hich becomes compact 
and solid on the addition of magnesia or of borax. 

According to some authorities, salep consists chiefly of a gum resembling bassorin (ii. 
956), with small quantities of starch and gum ; according to Mu Id or (Ann, Ch. Pharm. 
xxvii. 283), of pectic acid. According to Schmidt {ibid. Ii. 29), salep, when examined 
with the microscope, exhibits distinct grains of starch, or at all events of a substance 
which is turned blue by iodine. Salep-mucilag© liquefies when digested with dilute 
sulphuric acid, the amylaceous substance being converted into gum and sugar,while the 
cellular membrane forms a precipitate. Salep-bsssorin appears to consist, merely of 
this membrane swollen by water. Pulverised salep, dried at I0.i°, left 1*69 per 
cent, ash, consisting of calcic carbonate with calcic and magnesic phosphates. 

SALB7SRAM1SE. Syn. with HydroralicvUiMide (iii. 218). 

88JUCZXT. C ,s H ,8 0 7 . — (L eroux, Ann. Ch. Phys. [2] xliii. 440.— Braconnot, 
ibid. xliv. 296. — Pelouze and Gay-Lassad, ibid. xliv. 220; xlviii. 111. — Piria, 

9 bid. Ixix. 281 ; [3] xiv. 257. — Bouchardat, Compt. rend, xviii. 299; xix. 602; xx. 
610, 1635.— Gerliardt, Ann. Chi Phys. [3] vii. 215; Traitl , iii. 311. — Gm. xv. 430.) 

- -This substance, discovered by Leroux, an apothecary of Vitry-le-Framjais, exists 
ready-formed in the barks of several species of willow and poplar, especially, accord- 
ing to Braconnot, in that of Salts : helix, S. amygdalina , Populus irtmula , and P. graca. 
It appears also to be contained in the flower-buds of meadow-sweet ( Spiraea Uf maria), 
and in the green parts of this and other herbaceous Bpirman, inasmuch as these plants 
yield salicylol by distillation with water (Buchner, N. Beperfc. Pharm. ii. 1); also, 
in castoreum (i. 814), being derived from the willow-barks which constitute the principal 
food of the beaver. (Wohler.) 

Salicin is produced artificially: — 1. By the action of nascent hydrogen on helicin, 
(iii. 139). When an aqueous solution of that substance is digested with 
l 2 
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sodium-amalgam, and evaporated to dryness after Bupersaturation with carbonic acid, 
s< ftlieia remains in the residue, and may be extracted therefrom by alcohol (Itisenlco, 
Zeitachr. CL Phnrm. 1864 , p. 577). -2. Together with benzoic add, by boiling popu- 
lin (fa. 690) with lime or baryta-water : 

C*h«o* + H 2 0 - C’H B 0* + C J *H ,8 0 7 . 

Populin. Benroic Salicin. 

acid* 

Or, together with ethylic benzoate and benzamide, by heating popnlin to 100° in a 
sealed tube with alcoholic ammonia. (Piria). 

Preparation . — 1. Six pounds of dry chopped willow or poplar bark are boiled with 
water ; the liquid is strained, concentrated down to 18 pounds, mixed while still hot 
with 2 pounds of levigated oxide of lead, digested for 24 hours, and again strained ; 
the residue is thoroughly washed ; and the filtrate is evaporated to a syrup, and left to 
crystallise. An additional quantity of salicin is obtained from the mother-liquors 
after they have again been treated with oxide of lead, and the entire product is puri*> 
fled by ropeated crystallisation (I>uflos, Schw. J. lxvii. 25). — 2. The aqueous decoc- 
tion of the bark is precipitated with basic acetate of lead; the filtrate is boiled with 
chalk, till the excess of the basic acetate is decomposed, and the liquid becomes clear 
and colourless ; then evaporated to an extract ; and this extract is exhausted with 
alcohol of 34°, and left to crystallise (Peschier, Ann. Ch. Phys. [2] xliv. 418).— 

3. Sixteen pts. of bark are macerated with 2 pts. lime and with water for 24 hours ; 
the mixture is boiled for half an hour, and strained ; the residue is treated in like 
manner with the same quantity of lime as before ; and tho whole of the liquids are 
decanted from the sediment, concentrated, then mixed with 6 to 8 pts. of bone-black, 
and evaporated to complete dryness. The residue, after being pulverised, is exhausted 
at a gent.lo heat with alcohol of 82 per cent., and the alcohol is distilled off from the 
tinctures; the salicin then crystallises from the residue in pale-yellow granules, 
which are purified by recrystallisation with help of animal charcoal. (Erdmann, 
Berl. Jahrb. xxxiii. 1, 136.) 

Properties . —Salicin crystallises in broad, tabular, or mostly scaly crystals, belonging 
to the trimetricsyMtem, and exhibiting the combination ooP. oofoo . P & . Axes, a:b: <*, 

= 0-9274 : 2-4938 : 1. Angle, ooP : <xP « 139° 12', foo : Poo = 136° 18' 
(Schabus). It is white, soluble in water and in alcohol, insoluble in ether and in 
oil of turpentine. Water at ordinary temperatures dissolves about 5 pts. of salicin; 
alcohol much less. It melts at 120°, does not give off water till heated to 200°, ami 
decomposes at a higher temperature. Its solutions have a bitter taste, and do not alter 
vegetable colours. According to Borne authorities, it possesses febrifugal properties. 
The solutions turn the plane of polarisation of light to the left; [a]r *= — 55’8°. 

Salicin is not precipitated by neutral or basic acetate of lead, by gelatin, or by in- 
fusion of galls. - 

According to Phipson ( Chem . News, vi. 278), an alcoholic solution of 1 at. salicin 
and 1 at. benzoic acid yields crystals of populin. Salicin also forms crystallisablo 
compounds with tartaric and citric acids. According to O. Schmidt (Bull. Soc, Chim. 
1866, i. 287) salicin does not yield populin when heated as just mentioned : heated in 
a sealed tube with benzoic acid and water, it yields a yellow resinous body (sali- 
retin?) and a solution which colours ferric chloride blue (saligenin ?). 

Decompositions. — 1. Salicin heated to 260° gives off water and salic^ylous acid, to- 
gether with acid vapours having an odour of caramel, and leaves a yellow residue in- 
soluble in water, which turns brown, and ultimately carbonises. By dry distillation it 
yields salieylol, together with aromatic products. When distilled with soda-lime , 
it yields a mixture of phenol and salieylol (Gerhardt). — 2. By the current of a 
Bunsen’s battery of 400 pairs, Balicin is resolved into glucose and saligenin, which 
latter is then converted into salieylol, and ultimately into salicylic acid (Tichano-- 
witsch, Petcrsb. Acad. Bull. iv. 80). — 3. It is not altered by ozone . (Gorup- 
Beeanoz, Alin. Ch. Pharm. cx. 106.) 

4. When boiled with water and peroxide of lead, it yields a solution of lead-formato, 
and a lead-compound of salicin. Distilled with peroxide of manganese and dilute sul- 
phuric acid, it yields large quantities of formic acid and carbonic anhydride ; but a 
mixture of sulphuric acid and dichromate of potassium converts it into carbonic anhy- 
dride, formic acid, and salieylol. 

5. Salicin Is coloured red by strong sulphuric acid, and the product is decolorised by 
water; the solution then contains a conjugated acid (Mulder* s stdphorufic acid), 
together with unaltered salicin. If the mixture be heated, there is also formed a resinous 
substance, called o 1 iv i n by Mulder, r util in by Braconnot, and probably identical 
with Firia’s saliretin (q. v.). The red-colour imparted to salicin by strong sulphuric 
acid may serve for the detection of salicin in willow-bark. 
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6. Salicin heated with dilute sulphuric op hydrochloric acid is resolved into elucoam 

and s&ligenm: * 

c ts R t 8 o r -f h*o « c*h , 2 o* + otfo«. 

The same transformation is effected by contact with water and cmulsin , at a tempe- 
rature not above 40° (Piria) ; or by digestion with saliva at 38° or 40°. (Stadeler, 
J. pr. Chem. Ixxii. 350.) 

7. Salicin treated with very weak nitric acid , at ordinary temperatures, is converted 
intohelicin: 

C ,a H ,8 0 T + O m C ,J H ,6 0 T + H*0. 

Sometimes helicoidin is formed instead of helicin, especially if the acid has a density 
of about 12° Bm. (Piria). When salicin is boiled once or twice with nitric acid 
diluted with ten times its bulk of water, it turns yellow and gives off red vapours, to- 
gether with the odour of salicylol ; and the solution, if then mixed with a ferric salt, 
acquires the colour of ink. The same solution, when left at rest, deposits ealicyloua 
acid, the quantity of which gradually increases on evaporation at a gentle heat, without 
boiling. Put if the liquid be again boiled, it becomes clear, and then on cooling 
deposits, after a while, needles of nitrosalieylic acid, which are reddened by ferric salts 
(Gerhardt). By the prolonged action of nitric acid, the salicin is ultimately con- 
verted into picric acid, together with oxalic acid. (Brae on not.) 

8. Salicin added by small portions to boiling aqueous caustic soda, dissolves with effer- 
vescence, and the solution when saturated with an acid deposits saliretiu. On distilling 
the neutralised solution, salicylol passes over, and a residue is left containing salicylic 
acid and a brick-red powder (Bouchardat, Compt. rend. xix. 1179). — 9. Fused 
with excess of potash , it gives off a large quantity of hydrogen, and is ultimately con - a 
verted into salicylate and oxalate of potassium. 

10. Cklorin e converts salicin into chlorosalicin, dichlorosalicin, and perchlorosalicin. 
— 11. A mixture of hydrochloric acid and Chlorate of potassium transforms it into per- 
chloroquinone (p. 29). Salicin distilled with hypochlorite of calcium yields chloropicrin, 
lmfc no perchloroquinone (Stenhouse, Ann. Ch. Pharm. lv. 4; lxvi. 247). — 12. Aiv 
aqueous solution of salicin mixed with chloride of iodine solidifies, after a while, to n 
while magma pf crystals containing iodine, which have not been further examined. 
(S I en house, Chem. Soc. J. xvii. 327.) 

13. After the ingestion of salicin into the animal body, salicylol and salicylic acid 
are found in tho urino (Lave ran and Mi lion, Ann. Ch. Phys. [3] xiii 145). If the 
dose is largo, the urine contains also unaltered salicin, together with saligenin, and 
perhaps also phenoL (Ranke, J. pr. Chem. lvi. 1.) 

Substitution-derivatives of Salicin. 

Benzoaallof n. ■ C ?0 H**O # = C 19 II ,r (C , IP0)0\ — This is the composition of Popu^ 
Hn t a crystallisable substance obtained from ths bark, leaves, and root of the aspen 
(iv. 689). 

Chlorosalloln. C tt H ,f C10 T . (Piria, [3] xiv. 275.)-— Crystallised salicin exposed 
to the action of chlorine gas, is converted into a red resinous substance, with copious 
evolution of hydrochloric acid ; but when chlorine is passed into a pulp composed of 
1 pt. of finely pulverised salicin and about 4 pts. of water, the whole gradually 
dissolves, and chlorosalicin separates as a nacreous crystalline precipitate, which must 
be pressed in a cloth, dried between bibulous paper, shaken up two or three times with 
ether to remove adhering resinous matter, and crystallised from boiling water. 

Chlorosalicin crystallises in long, very light, silky needles containing C u H 17 ClO , .2H t O. 

It is soluble in water and alcohol, insoluble in ether. When heated, it first gives off 
its water, then melts to a transparent colourless liquid, and finally decomposes„giving 
off vapours of hydrochloric acid, and leaving a large quantity of charcoal. In contact 
with emulsin it is quickly resolved into glucose and chlorosaligenin, C H H’C10* 
Strong sulphuric acid dissolves it with reddish colour. When heated with dilute 
acids, it is quickly resolved into glucose, and a resin resulting from the metamorphosis 
of chlorosaligenin. (Piria.) , 

Dichlorosalicin, C'*II ,# CPO r , is obtained by the action of chlorine on the pre- 
ceding compound, or by its prolonged action on salicin. It forms long, silky, snow- 
white needles, containing 2 at. water, which they give off at 100°. It is inodorous, 
slightly bitter, nearly insoluble in cold water, sparingly soluble in boiling water, 
moderately soluble in alcohol, and nearly insoluble in ether. By dry distillation it 
yields chlorosalicylo], together with other products. Its aqueous sorption does not 
precipitate metallic salts. Dilute acids convert it into glucose and a reddish Min. 
Emutain acts upon it in the same manner as on monochlorossHcin. (Piria.) 

Perchlorosalicin, C w H , *CFO f J is formed when chlorine is passed into a Rented 
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mixture of water and dichlorosalicin, containing lumps of marble ^ “eutralise the 

hydrochloric acid as fast as it is formed. It is then precipitated as a yet 

powder, which must he shaken two or three times with ether, and crystallised from 

weak alcohol. It forms small yellowish needles, containing 2 at. wat ."' 

off at 100°. It is inodorous, but has a bitter taste, decomposes when heated above 

100°, and is resolved bjr emulsin into glucose and a resinous product. (Viriu.> 


Plumbosallcln, C‘*H"1V0 T [?], is obtained by pouring a few drops of ammonia 
into a hot strong solution of saliein, and gradually adding basic acetate of lead till 
about half the saliein is precipitated. The lead-compound then separates as a bulky 
white precipitate, resembling starch when dried, having a b.tter and sweetish taste, 
soluble in noetic acid and in potash. It does notgivo off any water at 100°. It is decom- 
posed by the weakest acids, saliein being set free. Strong sulphuric acid colours it 
red. 

Lead-compounds of saliein of different composition are obtained under other circum- 
stances, not very well defined. (Piria.) 


SALICOSVL. C 7 I1*0 2 . A monatomic radicle which may be supposed to exist in 
salicylol, or salicylous hydride, C 7 II s O*.H, and its derivatives (p. 161). It was for- 
merly called mlkyl , hut this name belongs properly to the diatomic radicle of salicylic 
acid. 


BA1ICT1. C 7 irO. The diatomic radicle of salicylic acid and its derivatives. 
Not known in the separate state. 

(C 7 n«0)";i 

BA11CTK-AOST1C ACID. C®H 8 0 4 = C 2 H*0 >0 2 . — Acctosalicylic acids 

H ) 


[Formerly regarded as Aceto&alicjjlic anhydride, C 7 H 4 0 ? .C 2 H*0, in accordance with 
the monatomic formula of salicylic acid, CTPOMI.O]. Discovered by Gerhardt, who 
obtained it by the action of chloride of acetyl on salicylate of sodium (i. 31). It is 
also pixxluced by heating salicylic acid with chloride of acetyl. As thus obtained, it 
crystallises in tufts of slender prisms, dissolves completely in water only at the boiling 
heat, easily in alcohol and ether, and reacts with ferric salts like salieylic acid. It 
melts easily, and when heatod a little above its melting-point, emits the odour of acetic 
acid. It dissolves in warm nitric acid of specific gravity 1*2, the solution yielding 
crystals of a nilro-acid. (H. v. Glim, Ann. Ch. Pharm. cxii. 180.) 


SALZCTliAMXG A <3 ID. 


C 7 n 7 NO a « 


H# In 

(C’H'Orjo- 


(CahourB, Ann. Ch. 


Phvs. [3] x. 349. — Muspratt and Hofmann, Ann. Ch. Pharm. liii. 226. — Lira - 
pricht, iltid. xcviii. 2< r >6 ; xeix. 249.) — This compound, metameric with oxybenzamic 
acid, phenyl-carbamic acid, and nitrotoluene, and formerly regarded as xaJicylamide, 
N.LP.CTPO 2 (that is, as the amide of monobasic salicylic acid, C T HK)*.H.O), is pro- 
duced by the action of ammonia on metliylsalicylic or ethylsalicylic acid ; 

C 7 H S (CH*)0* + NH* « C 7 H 7 N0 2 + CH‘0. 

Methyl sal Icy lie SalictlHmic Methyl- 

acid. acid. alcohol. 


To prepare it, 1 vol. of wintergreen-oil (methylsalicylic acid) is mixed and repeatedly 
agitated with about 6 vols. of strong alcoholic ammonia. The yellowish-brown solu- 
lion thus obtained, deposits, on evaporation, needles of salicylamic acid, which may 
be purified by crystallisation from hot water or alcohol. 

According to Oahours, it is produced by heating acid salicylate of ammonium, but 
Limpriclit was not able to prepare it in this way. 

Salicylamic acid crystallises in laminae having a strong lustre, and a yellowish-white 
colour not removable by treatment with animal charcoal. It has an acid reaction, is 
nearly insoluble in cold" water, easily soluble in hot water, also in alcohol and in ether. 
It melts at. 132°, and boils at 270°, giving off an aromatic vapour which condenses to 
shining laminar of the acid. If it be kept at this temperature till about a fourth part 
has volatilised, the residue contains salieylimide, which may be extracted by alcohol: 

CTFNO 2 - H J 0 - C 7 IPNO. 


This reaction affords a decided proof of the diatomicity of salicylic acid, since monato- 
mic acids do not form ainic acids and imides (i. 47, 171). Salicylamic acid passed 
over red-hot lime, is resolved into ammonia, aniline, and phenol. With fuming nitric 
acid, it forms a nitro-substitute. Strong acids and alkalis convert it, by assumption of 
water, into acid salicylate of ammonium, (C 7 1I'0)''(NH J ).H.0\ 
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Salic ylamates.- -Salicylamic acid is bo weak an add, that it is not capable of 
uniting directly with ammonia, or decomposing alkaline carbonates, but crystallises 
unaltered from the solution, on evaporation. — The barium-salt, C‘*H , *Ba"N*0 4 (at 100°), 
is soluble in water, and is obtained by treating the acid with baryta-water in a vessel 
protected from the air. — The strontium-, calcium and mag n esi u m -sal ts are similar in 
properties and composition, and are obtained in like manner; the last, hy adding the 
acid to magnesia suspended in water. All these salts are decomposed by carbonic 
acid . — The potassium- and sodium-salts are obtained, as radio-crystalline masses, by 
decomposing the barium-salt with tho corresponding sulphates, and evaporating the 
filtrate.— Cupric saficylamatc, C H H ,,J CirN*(P, is precipitated in bright-green microsco- 
pic needles, on adding cupric acetate to a solution of cither of the preceding salts.-^ 
The silver-salt, C r H tf AgNO J (dried over oil of vitriol) is a greyish-white, not percepti- 
bly crystalline precipitate, which blackens on boiling the liquid. (Limpricht.) 


Substitution-derivatives of Salicylamic Acid . 


tfltrosalloylamlc acid. C T H*N*0 4 


H’ ) 


N 

O- 


Nitrosalicylamide, 


A nil amide. (Cahours, loc. cit.)— Producod by treating metbyl-nitrosalicylic acid with 
ammonia in the manner abovo described : its preparation takes, however, a much longer 
time {two or three weeks) than that of salicylamic acid, because methyl-nitrosalicylio 
acid dissolves but slowly in alcoholic ammonia. 

Nitrosalicylamic acid is soluble in hot water, alcohol, and ether, and when recrystal- 
liscd from alcohol, forms yellow needles, which sublime when cautiously heated. It 
dissolves easily in alkalis, and is precipitated unaltered by acids. Tho aqueous solu- 
tion colours ferric salts red. When heated with strong Hcids or alkalis, it is resolved 
into ammonia and nitrosalicylic acid. Its salts are not known. 


Ethyls alley lamlo acid, 0*11 11 NO* 


C 2 H\H 

(cyrjS* 


(Limpricht, Ann. Ch. 


Plnirm. xcviii. 262.)— Produced by the action of aqueous ammonia on ethylic methyl- 

salicylate : 

C 7 1^ , (CH*)(C*H 5 )0 , + NH* - C 7 H*(C*H*)N0* + CH«0. 

If the materials are left to act in the cold, colourless needles of ethylsalicvlamic acid 
are obtained in a few days ; if they are heated to 100° in a sealed tube, the action is 
complete in a few hours. 

Ethylsalicylamic acid is soluble in hot water, in alcohol, and in ether, and separates 
from the ethereal solution in crystals of considerable size. It melts at 110° in th# 
dry state, at 100° when heated with water, and solidifies to a crystalline mass, 
which sublimes at a stronger heat. From solution in warm potash-ley, hydrochloric 
acid, or nitric acid, it separates unaltered on cooling ; from solution in sulphuric acid 
on dilution with water. The aqueous solution has a slight acid reaction. It is 
coloured red by ferric . chloride, green by cupric sulphate, and is precipitated by ammo* 
niacal acetate of lead. 


Bensoylsalloylaznle acid. 


C’HKXH) 
C li H l, N0 1 »• (C’H 4 0) M > 
H ) 


N 

O* 


Bmsoylsaiicylamide, 


Salicylbcnzdmide. (Gerhardt and Chiozza, Compt. rend. xxxvii. 86. — -Limpricht, 
Ann. Ch. Pharm. xeix. 249.)— Produced by the action of salicylamic acid on chloride 
of benzoyl. A mixture of the two substances in equivalent quantities is heated to 120° 
— 145° as long as hydrochloric acid continues to escape; and the residue, which 
remains liquid and viscid for a long time after cooling, but becomes crystalline on the 
addition of a few drops of alcohol or ether, is washed with a small quantity of ether 
and dissolved in boiling alcohol, whence it crystallises on cooling in very slender 
needles united in flocks. 

The acid when heated gives off 1 at. water, and is converted into benzoylsalicylamide, 
C M H*NO* (Limpricht). It dissolves very easily in ammonia, but is qepositedin its 
original state when the ammonia evaporates, or when the solution is mixed with an 
acid ; also in the fixed alkalis, forming deep yellow solutions, but is generally resolved 
nt the same time into benzoic and salicylamic acids (Limpricht). It dissolves in 
warm carbonate of sodium without evolution of carbonic anhydride, and the solution, 
when treat od with acids, deposits veiy soluble crystals, probably consisting of benzoic 
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and salicylamic acids (Limpricht). Its solution in strontia -water first deposits 
crystals of benzoate, and afterwards of salicylamate of strontium. 

The amraoniacal solution forms a light lemon-yellow precipitate with neutral acetate 
of lead, and light-blue with sulphate of copper. (G erhardfc and Chiozza.) 

Silver -salt. — The ammoniacal solution of the acid forms with nitrate of silver alight 
■ lemon-yellow precipitate, which becomes strongly heated with chloride of benzoyl, 
forming chloride of silver. (Gerhardt and Chiozza.) 

C 10 H"O.H 

Cumy teal ley lamlc acid, C ,7 H 17 JSO a = (C 7 H 4 U)" 

H 

preceding, with salicylamic acid and chloride of cumyl. Crystallises from alcohol in 
capillary needles. (Gerhardt and Chiozza.) 

SiVIXCTLAMZBS, (C 7 IFN a O - (CWO) ) appears to be produced by the 

prolonged action of ammonia on ethylic methylsalicylate. (Limpricht, Ann. Ch. 
Pharm. xcviii. 262.) 

(C 7 H 4 0)") 

SALXCTLBENZOIC ACID. C l4 H ,0 O 4 * C 7 II a O to®. Syn. with Biar- 

H j 

zosa.ucyi.ic Acid (i. 565). 

SALICYLIC ACID. C 7 H <, O t -» (C 7 H 4 OY' > 

H a mo y^ tc aci d. Hyper spin oy- 

lic acid. (Piria, Ann. Ch. Pharm. xxx. 165 ; xeiii. 262. — Lowig and Weidmann, 
J. pr. Chem. xix. 236; Pogg.Ann. xlvi. 83. — Marchand, J. pr. Chem.xxvi. 395. — Proc- 
ter, J. Pharm. [3] iii. 275. — Delalande, Ann. Ch. Phys. [3] vi. 346. —Gerhardt, 
ibid. vii. 2 1 7 .—0 ahours, ibid. x. 327; xiii. 90, 113. — Ettli ng, Ann. Ch. Pharm. 
liii. 77. — Schliepor, ibid. lix. 26. — Kolbe and Lauternann, Ann. Ch. Pharm. 
cxiii. 125; cxv. 157; cxx. 299 ; Jahresb. 1859, p. 309 ; 1860, p. 287; 1861, p. 393. — 
KekuU, Ann. Ch. Pharm. cxvii. 146; Jahrosb. 1860, p. 293.— Gm. xii. 246. — G erh, 
iii. 320; iv. 1017.) 

This acid, metameric with oxybenzoic acid, exists ready-formed in the flowers of 
Spirma Ulwaria, and as methyl salicylic acid in oil of wintorgreen. 

Formation.— 1. From salicylol by oxidation wiith aqueous chromic acid (Ettling), 
or by heating with oxido of copper (Ettling, Piria).— 2. By melting salicylol or 
salicin with hydrate of potassium (Piria): 

C 7 H 8 O a + KHO - C 7 H a KO* + H a . 

Salicylol. Potafisic 

Salirylate. 

— 3. By heating indigo with hydrate of potassium to 300°. The experiment docs not 
always succeed : if the heat be not continued long enough, only phenyl-carbamic acid 
is produced ; if too long, a brown substance is formed. (Ettl ing.) 

5. By passing carl ionic anhydride into p h e n o 1 containing small pieces of sodium. The 
metal then dissolves with evolution of hydrogen, and salicylate of sodium is formed, 
together with other products. Salicylic acid has, in fact, the same composition as 
phenyl -carbonic acid ; C*IPO + CO* - C 7 H«O s (Kolbe and Lau temann).— 6. By 
the action of nitrous acid on phenyl-carbamic acid (Gerland): 

C 7 II 7 NO f + HNO* - C 7 H*O a + H*0 + N«. 

Griess (Jahresb. 1861, p. 413), by the action of nitrous acid on phenyl-carbamic acid, 
obtained an acid, which ho calls diazo-salyl-nitricacid, having the composition 
C l4 H B N a O T ; and this, when heated in an aqueous solution, is completely resolved into 
salicylic acid, nitric acid, and free nitrogen : 

C ,4 IPN s O T + 2H a O « 2C 7 H B jO* + NHO* + IF. 

7. Coumaric acid (ii. 93), heated with hydrate ^potassium, yields salicylate and 

acetate of potassium (DclaJande, Ann. Ch. 343): 

C p H N O a + 2KHO * C 7 H*KO® + ' C*H*KO a + H*. 

8. MethyWieylic acid (oil of win tergreen) is resolved by gaseous hydriodio 
acid into salicylic acidund methylic iodide (Lauternann, Ann. Ch. Pharm. exxv. 13): 

C T I1 4 (CH*)0 1 + HI ■ C 7 H*0* + CH*I. 

, c ac ^ 18 decomposed by hydriodic acid, even at temperatures below 
100°, and more quickly at 100® into salicylic acid and free iodine (KekulA Chem. Soc. 
J, xvu. 203) : 

C 7 H 4 IO* + HI » C 7 H g O* + I*. 

Preparation. — a. From the flowers of Spirrea Ulmaria. The flowers are exhausted 
With ether, or the water distilled from them, with frequent cohobation, is shaken up 


3 - 


— Prepared, like the 
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with ether; the ethereal solution is distilled ; the residue is treated with water, which 
dissolves salicylic acid and tannin ; and the oqueons solution is neutralised with carbo- 
nate of potassium, evaporated, and distilled with hydrochloric acid. The" watery dis- 
tillate slowly evaporated yields colourless needles. (Lowig and Weidmann.) 

b. From Oil of Gault her i a ( Wintergreen). — The oil is heated with strong potash- 
ley till no more methylic alcohol is given off from it, and the residue is precipitated with 
hydrochloric acid. The precipitate is washed with cold water, and crystallised from 
hot alcohol. (Cahours.) 

c. From Saiicylol, or from Salicin . — 1. Hydrate of potassium is heated in a silver 
basin, and as soon as it is melted, salicin is added by small portions, with con- 
tinual stirring ; whereupon the mass turns brown, swells up, and gives off a large 
quantity of hydrogen. It is then heated as long as hydrogen is given off in presence 
of excess of potash, If the potash is not in excess, only a small quantity of salicylic 
acid is obtained, but instead of it, salicylol and a brown resinous substance which 
ir is difficult to convert into salicylic acid, oven by repeated fusion with hydrate of 
potassium. If the process be rightly conducted, the mass becomes nearly colourless, 
exhibiting only a slight yellowish tint. The mass is dissolved in water ; the solution is 
supersaturated with hydrochloric acid, the vessel being surrounded with cold water; 
and the resulting crystalline mass is separated from the mother-liquor (which contains 
oxalic acid), and roc rystal Used from hot water (Piria, Gerhard t, March and). — 
2. Cupric salicylate is heated in a retort till nothing more escapes at 220°, and the 
residue has assumed a uniform kermos-brown tint. This residue, consisting of cuprous 
salicylite, is then introduced into a glass tube, and sulphuretted hydrogen passed over 
it, whereupon the mass becomes heated and blackened, and salicylic acid sublimes ; 
and in order that the sublimate may not cover up the uu decomposed mass, and so pro- 
tect it from further decomposition, it must be driven forward by the application of a 
gentle heat. Or the cuprous salicylate is dissolved in warm acetic acid, or in hydro- 
chloric acid diluted with an equal quantity of water ; the colourless liquid is precipitated 
by sulphuretted hydrogen, and the liquid filtered from the sulphide of copper is eva- 
porated to the crystallising point. Or tho solution of the copper-salt in noetic acid is 
supersaturated with ammonia, and precipitated with neutral acetate of lead, the preci- 
pitate suspended in hot water, sulphuretted hydrogen passed through tho liquid, and 
the sulphide of lead removed by filtration : the filtrate on cooling yields pure salicylic 
acid. (Ettling.) 

d. Vrom Indigo (p. 152). — The heat must be carefully regulated, because, if the required 
temperature is exceeded, the salicylic acid decomposes, and a brown substance is formed ; 
and if tho heating is not continued long enough, nothing but phenyl-carbainic acid is 
produced. 

e. From Phenol . — Dry carbonic anhydride is passed into warm phenol, with addition 
of small pieces of sodium. The metal then dissolves with evolution of hydrogen, and 
a stiff paste is formed, containing the isomeric salts, salicylate and phenyl -carbon ate of 
Kodium, together with unaltered phenol. On acidulating with hydrochloric acid, tho 
phenyl-carbonic acid is decomposed with evolution of carbonic anhydride, and the salicylic 
acid which is set free maybe separated from the phenol by solution in strong aqueous car- 
bonate of ammonium. The solution boiled down till it acquires a slight acid reaction, 
filtered from separated resin, and mixed with hydrochloric acid, yields salicylic acid, 
to be purified by recrystallisation with aid of animal charcoal. Salicylic acid is also 
formed, though in much smaller quantity, by passing carbonic anhydride into a ready- 
prepared solution ofphenylate of sodium in phenol. (Kolbe and Lautemann, 
Ann. Ch. Pharm, cxv. 177.) 

Properties. — Salicylic acid crystallises by spontaneous evaporation of its alcoholic 
solution in large monoclinic four-sided prisms. From a hot aqueous solution it sepa- 
rates on cooling, in slender needles often an inch long. Particularly large and fine 
crystals are obtained by slow evaporation of the ethereal solution (Cahours). It melts 
at 158° (Cahours), at 121° (PjtflSihftr), at 125° (Ettling). Sublimes at about 200°, 
without boiling, in slender neediSF' having a strong lustre, and, when pure, may be 
completely distilled by careful heating (Cahours, Ettling). It has a sweetish-sour 
taste, and produces irritation in the throat Reddens litmus rather strongly. It does 
not act on polarised light 

It is slightly soluble in cold, much more soluble in hot water; still more in alcohol, 
moderately soluble in wood-spirit, especially when warm. Ether dissolves it in some- 
what considerable quantity at ordinary temperatures, and still more when heated. 
Boiling oil of turpentine dissolves about £ of its weight of the acid. 

The aqueous solution imparts a deep violet colour to ferrio salts l 

Decompositions. — 1. Salicylic acid, when quickly heated, especially if it be impure, 
gives off phenol (M archand, Cahours). Heated with pounded glass or quicklime, 
it is resolved into phenol and carbonic anhydride. (Gerhardt, iv. 38D.) 
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2. *Heated with dilute sulphuric acid and manganic peroxide, it yields formic add. 

3. Sulphuric anhydride converts it into sulphosalicylic acid, C 7 H*0*J90*. 

4. Fuming nitric acid in the cold converts salicylic acid into nibrosalicylic acid ; by 
prolonged action, however, picric acid is produced. The same products are obtained 
by treating salicylic acid with a mixture of fuming nitric and strong sulphuric acid. 

5. With chlorine and bromine, salicylic acid yields chlorinated or brominated acids, 
the degree of substitution varying according to the proportions used, and the circum- 
stances of the reaction (p. 156). 

6. A mixture of hydrochloric acid and chlorate of potassium converts it into perchloro- 
quinone (p. 29). 

7. Dry salicylic acid (1 at.) distilled with pentachloride of phosphorus (2 at. or 3 
pts.) yields an oily body, which, after rectifying and collecting the portion which 
distils between 240° ana 270°, consists of salicylic chloride, (C 7 H 4 0)"C1 2 , salicylic 

chlorohydrate, C 7 H 5 0 2 .C1 = (C J H 4 0)" !^ 0 , and chlorosalicylic chloride, C 7 H 4 C1 4 , 

or (C 7 H 4 C1*) W C1*. The first and third of these bodies are resolved by boiling with 
water into hydrochloric acid and chlorosalicylic acid, C 7 1PC10 2 , isomeric with 
chlorobenzoic acid ; the second yields, in like manner, hydrochloric and salicylic acids. 

Such are the results obtained by K o l b e andLautema nn(Jahresb. 1860,p. 288), who 
however, regard the compound CFIPOCl* as chloride of chlorosalylic acid , C 7 H*C10.Gi 
(isomeric with chloride of chlorobenzoyl), and the third as trichloride of chlorosalyl , 
C T H 4 C1.CI S . 

Chiozza (Ann. Ch. Fhys. [3] xxxvi. 102; Jahresb. 1852, p. 493), by distilling 
salicylic acid with pentachloride of phosphorus, had previously obtained an oily distillate, 
which yielded chlorobenzoic acid (or an isomer) when treated with water. Gerhard t 
(Ami. Ch. Pharm. lxxxix. 360; Jahresb. 1854, p. 421), by acting in like manner on 
tnethylsalicylic acid (oil of wintergreen), obtained salicylic chlorohydrate, C 7 H 6 0*C1 ; 
and Drion (Jahresb. 1854, p. 423), by the same process, likewise obtained the latter 
compound, together with salicylic chloride, C 7 H*OCI 2 . Kokul£ {ibid; 1860, p. 293), 
by hcatiug the distillate obtained with wintergreen oil and phosphoric chloride to 180° 
— 200 J , to expel oxychloride of phosphorus and the excess of pentachloride (1 at. 
methylsalicylic ucid decomposes only l at. PCI 5 ), obtained a product which, when 
treated with water, yielded only salicylic acid, no chlorobenzoic or chlorosalylic acid : 
therefore C 7 H 5 OCl; but when the chlorinated distillate was further heated to somewhat 
below 280°, the compound C 7 H 4 0C1* was obtained, which yielded with water the chlo- 
rinated acid C 7 H 4 CIO*. Kekul6 finds, however, that the composition of the chlorinated 
distillate is by no means constant, but that the proportion of chlorine increases at each 
rectification. 

Very different results have been obtained by Couper (Ann. Ch. Pharm. cix. 369; 
Jahresb. 1858, p. 266), who, by gradually dropping 1 at. wintergreen oil into 2 at. 
pentachloride of phosphorus, and rectifying, obtained a yellowish liquid passing over at 
about 290°, and a blackish residue which solidified on cooling. This liquid has the 
composition C 7 JI 4 C1 3 P0* {salicyl-trichlorophosphate), and is resolved by water into hydro- 
chloric, phosphoric, and salicylic acids. Its formation may be represented by the 
equation : — 

C 7 H°0* + PCI 5 - 2HC1 + C 7 H 4 Cl*PO». 

8. Dry salicylate of sodium distilled with excess of phosphoric oxychloride gives off 
hydrochloric acid, a viscid liquid which passes over at a high tem|>erature, ana on ex- 
posure to the air deposits tabular crystals consisting of the pbenylic ether of lasy li c 

acid, C ,s H 8 O a = j O. (Kolbe and Lautemann.) 

9. With chlorideof acetyl salicylic acid formsacetyl-salicy lie acid, 0 7 H 4 (C*H*O)O*, 
met amoric with terephthalic acid. (H. v. Gilm, Ann. Ch. Pharm. cxii. 180.) 

10. Salicylic acid heated with iodine yields a mixture of mono-, di and tri-iodor 
salicylic acids (Kolbe and Lautemann), together with tri-iodophenol (Lau- 
temann, Jahresb. 1861, p. 393). The same iodatea salicylic acids are produced by 
dropping tincture of iodine into a cold aqueous solution of salicylate of barium (Kolbe 
and L a u t e m a n n ). On adding a solution of iodine in chlorine-water to a warm aqueous 
solution of salicylic acid, a crystalline precipitate is immediately formed, which after 
washing with cold water, is found to contain a considerable quantity of on iodine — • 
probably an i odes alky lie acid. (H. Watts.) 

Salicyi. ate®. — S alicylic acid is dibasic, forming acid and neutral salts, repre- 
sented by the following formulae : 

Acid, C»H*MO* = (C j 0‘ aad 

Neutral, C’H'iCO’ - 1 0* and C’H'M'O* - 
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The acid salicylates of diatomic metals may also be regarded as compounds of the 
neutral salts with thefreeacid : CHIM'D 6 = C , H 4 M' , 0*.C , II* , 0 I . The neutral salicy- 
lates of the monatomic metals, potassium, ammonium, and silver, have not been obtained* 

Salicylic acid was formerly regarded as monobasic, the salts here considered as acid 
being then regarded as neutral ; indeed, the existence of salicylates containing 2 at. of 
a monatomic or 1 at. of a diatomic metal was not known till 1855, when several of 
them were prepared by Piria. The diutomicity of salicylic acid is corroborated by the 
existence of acid salicylic others, oil of w intergreen for example, and by the composi- 
tion of salicylamic Hcid and salicylimide (p. 150). 

The salicylates of ammonium* potassium, sodium, barium, strontium, magnesium, 
calcium, and zinc, are soluble and crystallisable. The aqueous solutions of the alkaline 
salicylates turn brown on exposure to the air. Most salicylates are resolved by dry 
distillation into phenol and a carbonate. 

Salicylate of Ammonium, C 7 IP(NH 4 )0*. — Deposited in crystalline scales front 
a solution of the acid saturated with ammonia, then boiled and evaporated, or in silky 
needles by spontaneous evaporation of the dilute solution. The crystals are monoclinic 
(Marignac). It melts at 126° (Procter), and is completely decomposed by distil- 
lation into water and salicylamic acid, according to Cahours; according to Limpricht, 
however, salicylamic acid is not produced in this way. 

Salicylates of liar turn.—' The acid salt , C 1 4 I1 4 W'O*. H*0, or C 7 H 4 Ba"0*.C T H a 0". 
11*0, is formed by boiling salicylic acid with carbonate of barium, and separates on 
evaporation in short, concentrically grouped, shining needles, which give off their water 
at 218° (Cahours). A boiling concentrated solution of this salt mixed with concen- 
trated baryta-water deposits the neutral salt, C a H 4 Brt # '0 s .2lI*0, in small colourless 
lamina*, which give off Mieir water at 140°. The salt has an alkaline reaction, and is 
resolved by carbonic acid into tho ucid salt and carbonate of barium. It dissolves but* 
slightly in water even at the boiling heat. (Piria.) 

Salicylates of Calcium. — The acid salt , C 14 H ,0 Ca"O".2lPO ) prepared like the 
acid barium-salt, is soluble in cold water, and separates therefrom by spontaneous 
evaporation in well-developed octahedrons. On mixing a concentrated solution of this 
salt with a solution of lime in sugar-water containing a large excess of su^nr, and 
wanning the liquid in the water-bath, the neutral calcium-salt, C 7 H 4 Ca"0 B .H 2 0, sepa- 
rates as a sandy insoluble powder, which retains its water at 100°, but gives it off at 
180 J , It is decomposed by carbonic acid in the same manner as the neutral barium- 
salt.. 

Salicylates of Copper. — The acid salt, C 14 H l0 Cu"O 6 .4H 7 O, remains dissolved when 
a solution of the acid barium-salt is decomposed by sulphate of copper, and crystal- 
lises in long greenish-blue needles, which do not give off their water till heated con- 
siderably above 100°. When heated with a quantity of water not sufficient to dissolve it 
completely, it melts below 100°, and is resolved into salicylic acid and the neutral 
topper-salt, C 7 lI 4 Cu"OMPO, which forms a yellowish-green, light, nearly insoluble 
powder. The same decomposition of the acid salt is effected by ether. (Piria.) 

Pvtassio-cujrric salicylate, C M H s CV , K 7 O a .4lFO, is obtained oil adding salicylic acid 
to a solution of cupric tartrate in excess of strong potash-ley, as a light-green crys- 
talline precipitate, which separates from solution m a small quantity of warm water, 
in emerald-green rhombic plates. It is very soluble in water, insoluble in alcohol and 
ether, and is resolved by boiling its aqueous solution into cupric oxide and acid sali- 
eylate of potassium. It gives off its water below 100°. — Ilaryto-cupric sahcylatr, 
C ,M H"Cu"Bu"0*.4H*0 > separates on mixing the solution of the preceding salt with 
chloride of barium, as a siskin-green crystalline precipitate insoluble in water. The 
water of ciystallisation begins to escape at 35°. (Piria.) 

Salicylates of Lead. — The acid salt, C 14 H'*Pb"0*.H*0, is obtained by boiling 
salicylic acid with water and carbonate of lead, in needles having a very brilliant 
satiny lustre, or by pouring a strong solution of salicylate of ammonium or potassium 
into a strong solution of acetate of lead, as a white crystalline precipitate, soluble in 
tailing, water (Cahours). — The neutral salt, C*H 4 Pb* , O l f is obtained as a heavy 
crystajline powder by adding basic acetate of lead to a boiling saturated solution of 
the acid salt. — A basic salt, 2C 7 H 4 Pb"0 , .3Pb"0, separates as a white powder composed 
of nacreous scales, on boiling the acid salt with a slight excess of ammonia. (Piria.) 

Salicylate of Magnesium (acid), obtained by boiling the aqueous acid with 
magnesia or its carbonate, forms radiating needles often aggregated in a compact 
mass. It dissolves easily in cold and still more in boiling water. (Cahours.) 

Salicylate of Potassium, 2C T H 6 K0*.H*0, is obtained in colourless, shining, 
silky needles, by saturating the aqueous add with carbonate of potassium, evaporating 
to dryness, and treating the residue with strong boiling alcohol. It is converted by 
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chlorine into dichlorosalicylate, and by bromine into dibromosalicylate of potassium. 
Treated with bromine in presence of excess of potash, it yields a rod substance 
resembling sulphide of antimony, insoluble in alcohol, ammonia, and potash, and 
having the composition of tribromoph enol . (C a h o u r s.) 

Salicylate of Silver, C T H 4 AgO a , is a white precipitate, which dissolves in a 
Small quantity of boiling water, and separates on cooling in small very brilliant needles, 
(Gahours.) 

Bromosalicylic Acids . 

AKonobromosalleyllo acid* CTPBrO\ (Gerhardt, Ann. Ch. Phys. [3] vii. 
217 ; Gahours, ibid. xiii. 99.) — This acid is produced by triturating salicylic acid 
with a quantity of bromine not sufficient to convert the whole of it. On washing the 
resulting gummy mass with small quantities of cold alcohol, to extract the unaltered 
salicylic acid, dissolving the residue in boiling alcohol, and leaving the solution to 
evaporate, bromosalicylic acid is obtained in colourless prisms having a strong lustre, 
and somewhat like salicylic acid. It. melts when slightly heated ; dissolves but 
sparingly in water, even at the boiling heat ; pretty readily in alcohol and ether, espe- 
cially when warm. It is decomposed by dry distillation. When distilled with fine sand 
and a small quantity of baryta, it yields thick vapours condensing into a reddish liquid, 
which by repeated distillation with sand and baryta yields bromophenol: C 7 H*BrO s = 
CWBrO + CO*. 

Bromosalicylic acid forme with ammonia, potash, and soda, crystallisable salts, 
which are less soluble in water than the salicylates. — It colours ferric salts red, like 
salicylic acid. 

Dlbromoaalloyllo acid, C 7 H 4 Br 2 O s . (Ca hours, Ann. Ch. Phys. [3] vii. 102.) 
— To prepare this acid, pulverised salicylic acid is gradually triturated with excess of 
bromine as long as any action takes place, and the mixture is left to stand for some 
hours ; the excess of bromine is then washed out with cold water, and the residue dis- 
solved in boiling ammonia. As the solution cools, tlio ammonium-salt is deposited in 
slender shining needles. These crystals are dissolved in water ; the acid precipitated 
by hydrochloric acid ; the white precipitate washed and dissolved in boiling alcohol, 
and tlic solution left to evaporate. Or bromine is dissolved in a concentrated solution 
of salicylate of potassium, whereupon the liquid becomes heated, and soon deposits 
crystals of dibromosalicylate of potassium ; this salt is decomposed by hydrochloric 
acid, nnd the separated acid wnshed and ciystallised from alcohol. 

It forms short colourless or slightly reddish needles, which melt at about 150°. It 
is sparingly soluble in water, moderately soluble in alcohol, more easily in ether . It 
dissolves in strong sulphuric acid at a gentle heat, and is precipitated from the solution 
by water. Boiling nitric acid dissolves it readily, with evolution of bromine and nitrous 
vapours and formation of picric acid, which crystallises on cooling. When distilled 
with sand and a small quantity of baryta, it yields dibromophenol. 

The dibromosalicy lutes of ammonium, potassium, and sodium, aro even less soluble 
than the monobromosalicylates. Tho potassium-salt crystallises from alcohol in 
shining colourless prisms. 

Trlbromosallcyllo acid, C T H 9 Br’0 8 . (Cali ours, Ann. Ch. Phys. [3] vii. 104.) 
— When a mixture of finely pulverised dibromosalicylic acid with excess of bromine is 
exposed to sunshine for 25 or 30 days, and the resulting crystals are washed with 
water, and recrystallised from strong alcohol, tribromosalicylic acid is obtained in 
small yellowish prisms, very hard and friable, insoluble in water, moderately soluble 
in alcohol, very readily in ether. 

When distilled with sand and a small cjuantity of baryta, it yields tribromoph enol 
contaminated with a small quantity of oily matter. When boiled with nitric acid, 
it yields bromine-vapours and yellow crystals. 

Its compounds with ammonia, potash, and soda are crystallisable, but very sparingly 
soluble in water. The ammonium-salt forms with silver-salts a precipitate of a deep 
orange-yellow colour. 

Chlorosalicylic Acids . 

Only two of thpse compounds are known, both being produced by the direct 
Action of chlorine on salicylic acid. (Cahours, Ann. Ch. Phys. [3J xiii. 106.) 

MonoolUoroaaltayllc aold, C T H 4 C10*, is produced : — 1. By the action of chlorine 
on excess of salicylic acid, a portion of the acid therefore remaining undecomposed; it is 
difficult, however, to purify from dichlorosalicylio acid. — 2. When chlorine gas is very 
slowly passed into a concentrated solution of salicylate of potassium, till the liquid, 
which becomes brown, begins to deposit a dark-green substance; the solution then 
decomposed by un acid, and the resulting white precipitate washed with water and 



SALICYLIC ACID. j gf 

Crystalliaed from alcohol, slender needles are obtained consisting of chlorosalicvlic 

acid nob quite pure. 

DiclUorosalleyllo acid, C 7 H 4 C1 2 0*. — This compound is produced by the action 
of excess of chlorine on salicylic acid. To prepare it, chlorine gas is passed through a 
concentrated solution of salicylate of potassium as long as the liquid continues to 
deposit a dark-green body; this substance is washed on a filter with water till the 
water runs away colourless, then dissolved in boiling water, which is mixed with J of 
its volume of alcohol of 36° Bui. ; and the needles of the potassium-salt which sepa- 
rate on cooling are repeatedly crystallised from very weak spirit till they become 
colourless. These crystals are then dissolved in water, the solution mixed with hydro- 
chloric acid, and the resulting white precipitate dissolved in boiling alcohol of 82 per 
cent.; the solution on cooling yields the acid in needles or in scales, or by spontaneous 
evaporation in hard, well-formed octahedrons. The acid dissolves sparingly in boiling 
water, and crystallises in slender needles on cooling. It dissolves in gontly heated 
oil <f vitriol , and separates partially as the liquid cools. 

The acid, distilled two or three times with sand and a small quantity of baryta or 
timo, is completely resolved into carbonic anhydride and diehlorophenol. It dissolves 
gradually in boiling nitric acid , and deposits beautiful yellow laminae on cooling. 

Die hlorosal icy late of ammonium is sparingly soluble in water. The acid potassium - 
salt forms greyish-white needles very much resembling methyl-dichlorosalieylic acid. 

lodosalicylic Acids . 

Formation. — 1. When tincture of iodine is dropped into a cold aqueous solution of 
baryt ie salicylate, C 7 li*Ba*0*, till the yellow colour of the tincture remains permanent, 
several iodosalieylic acids are formed, which on addition of hydrochloric acid are pre- 
cipitated together with unaltered salicylic acid. They cannot, however, be separated 
from one another by water, although their solubility diminishes as the proportion of 
iodine increases. — 2. When 1 at. salicylic acid is fused with 2 at. iodine, and tho pro- 
duct is treated with aqueous potash, several iodusulicylic acids are dissolved out, and 
there remains a red body resembling amorphous phosphorus, which is insoluble in water, 
alcohol, ether, alkalis, and acids, is not altered by fuming sulphuric acid, but dissolves 
with red colour in sulphide of carbon ; this body appears to be tetriodo-disalicylic 
acid, C l4 H u l 4 0\ (Kolbc and Lautemann, Ann. Ch. Pharm. cxv. 167; Jahresb. 
I860, p. 291.) 

As iodosalieylic acid is reduced by hydriodic acid to salicylic acid even below 100 3 
(p. 162), Kektile is of opinion that the iodosalicylic acids obtained by fusing 
salicylic acid with iodine are not directly-formed substitution-products, but are rather 
formed in the alkaline solution, during the process of separation ; perhaps thus : — 
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Preparation. — 1. Finely pulverised iodine (2 at.) is intimately mixed with salicylic 
acid (1 at.), and the mixture is heated over a lamp in a wide-bottomed glass vessel, the 
heat being removed as soon as the fused mass begins to boil. Tho resulting brown 
crystalline mass, containing a mixture of mono-, di-, and tri-iodosalicylie, acids, with 
somewhat considerable quantities of tri-iodophenol (iv. 409) and unaltered salicylic 
acid, is treated with dilute potash, which dissolves everything excepting the red body 
above mentioned; the filtered alkaline liquid is mixed with hydrochloric acid; and tho 
Beparatod acids are washed with water, which removes nearly all the unaltered salicylic 
acid. On dissolving the fused residue in excess of sodic carbonate, and neutralising 
the liquid with hydrochloric acid, the tri-iodophenol, Which is soluble only in excess of 
alkali, separates out ; and thefiltered liquid yields on evaporation, first, crystals of sodie 
tri-iodos&licylate, then, on further concentration, satiny needles of sodic di-iodosalicy- 
late, and, lastly, sodic mono-iodosalicylate in small lancet-shaped la mink). The complete 
separation and purification of the last two acids is effected by decomposing the sodium- 
salts with hydrochloric acid, and boiling the separated acids with carbonate of barium, 
the di-iodosalicylato of barium being very Blightly soluble in water, while the mono- 
iodosalicylate dissolves with moderate facility. — 2. A larger product is obtained by 
dissolving equal weights of salicylic acid and iodine in alcohol of 80 per cent., and, 
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boiling the soluii&n for throe hours in a flask provided with an oprfght condensing 
tube. The brown solution is mixed with water, heated to drive off the alcohn], then 
supersaturated with carbonate of sodium, and the resulting sodium-salts are further 
treated as above. (Lautemann, Ann. Ch. Pharm. cxx. 299; Jahresb. 1861, p. 
893.) 

Mono-lodosallcyllo acid* C®H 5 IO\ — This acid, separated from the purified 
barium-salt by hydrochloric acid, forms a white crystalline mass, slightly soluble in 
water , -easily soluble in alcohol and ether. It crystallises from water acidulated with 
sulphuric or acetic acid in long si Jky needles ; from alcohol, by slow evaporation, in hard 
warty groups of needles. It melts at 196°, and, when suddenly heated, is resolved into 
Free iodine, iodopheno), and carbonic anhydride. By boiling with caustic potash it is 
sonverted into oxy sal icy lie acid, C 7 II fi 0 4 (iv. 320). 

The aqueous and alcoholic solutions of the acid, and likewise the solutions of its 
lalts, colour ferric chloride violet 

Jodosalicylate of Ammonium is sparingly soluble in water, and crystallises in needles. 

— The barium-gait, C ,4 H fl Ba"I 2 0® is very soluble in water, and crystallises in rosettes 
if delicate laminae, which assume a reddish colour when heated in the moist state. — 
The silver-salt is sparingly soluble, and crystallises in hard grains. (Lautemann.) 

3>i*lodosalioyllc acH, C?H 4 I*0*, separated from the barium -salt, forms a white 
unorphous mass, nearly insoluble in water, moderately soluble in alcohol and ether. 
ij’rom water acidulated with sulphuric acid, and from ucetic acid, it crystallises like Mio 
nono-iodated acid; from alcohol in needle-shaped crystals. It does not melt at 212°, 

>ut, turns brown from incipient decomposition ; when quickly heated, it decomposes, 
nth separation of iodine. Boiling nitric acid likewise eliminates iodine from it, and 
►robably converts it into dinitrosalicylic acid. By boiling with strong potash-icy it is 
converted into dioxy salic yli c or gallic acid, C 7 H 6 0\ part of which is, however, 
■esolved into carbonic anhydride and dioxy phonic (pyrogallic) acid. — The solutions of 
li-irxlosalicylic acid and its salts colour ferric chloride violet. 

The di-i odosalicy lates are for the most part very sparingly soluble ; the most 
oluble among them is the sodium-salt. — The barium-salt , C u lFl 4 B:i"0 B , crystallises 
rom a moderately concentrated solution, in noodles having a satiny lustre. (L auto- 
nan n.) 

Tri-lodosalio yltc add. C’lFFO*. — This acid is very difficult to prepare, being 
cry unstable, and apt to split up, during the procoss of formation by fusing salicylic acid 
vi th iodine, into carbonic anhydride and tri-iodophenol. It is insoluble in water, 
oluble in alcohol and ether , and crystallises from the former in tufts of needles. It 
nelts at about 167°, with partial decomposition. Alkalis decompose it, abstracting 
arbonic anhydride and liydriodic acid, and converting it into a red body, CTFFO. 

Tri-iodosalicylate of Sodium is a grey-green mass very slightly soluble in water. 
Lautemann.) 


Nitroaalicylic Acids. 

Two nitro-dorivatives of salicylic acid are known, — viz., the mono- and di-nitrated 
cids. 

Mo no-nl tr o-s&lloy lio acid, or simply Mltrosallcyllo acid, C*H*NO* <=> 

3 , H*(N0 a )0*. Indu/oticaetd. Andie acid . Hit ro-anilic acid. Aniloticacid. Nitrospiroylic 
vid. (Chevreul*, Ann. Chim. lxxii. 131. — Buff, Ann. Ch. Pbys. [2] xxxvii. 160. — 
lumas, ibid. Ixiii. 205 ; [3] ii. 227. Gerhardt, ibid. vii. 325. — Marchand, J. pr. 
Jhem. xxvi. 3H5. — Piria, Ann. Ch. Pharm. lvi. 35. — S ten house, ibid. lxx. 253. — 
I. Major, Das chon. Laborutorium dcr Univ. Christiania, 1854, p. 84. — 6m. xii. 
107. — Gorh. iii. 335.) — This acid was first observed by Chevreul among the products 
if the decomposition of indigo by nitric acid, Gerhardt obtained it by treating 
lalicylie acid with fuming nitric acid. Firm and Major have shown that it is formed, 
ogether with helicin, by the action of cold dilute nitric acid upon salicin. 

Preparation. — 1. From salicylic acid. — Fuming nitric acid acts violently on 
lalicylie acid, converting it. into a reddish resinous mass ; and on removing the excot .3 
if nitric acid by washing with cold water, and dissolving tho residue in boiling water, 
litrosalicylic acid is deposited in delicate yellowish needles. It may also be 
prepared by gently heating salicylic acid with very dilute nitric acid. (Gerhardt.) 

2. From indigo. — When indigo is gradually added to boiling dilute nitric acid 
liluted with 10 to 15 times its weight of water, a solution is formed which on cooling 
leposits nitrosalicylic acid ; but tho product requires to be purified by several crystal, 
isations, or by transforming it into a had- suit, and decomposing the latter with 
ulphydric acid. (Chevreul, Buff, Marchand.) 
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3 - u F ro “ methyl-nitrosalicylic acid, by boiling with potash, saturating the 
resulting brown-red liquid with hydrochloric acid, and crystallising the flaky add which 
separates. (Cahours.) J ^ 


Properties. —Ni trosui icy lie acid crystal isos in colourless needles containing I at 
water, CTP(N0*)0 5 .H 2 0, which they readily give off on exposure to dry air. It melts, 
at a moderate heat, and solidifies on cooling to a crystalline muss composed of six-sided 
plates. It reddens litmus, and sublimes at a gentle heat. It is very sparingly soluble 
in cold water, but dissolves easily in boiling water and in alcohol . Its solutions are 
coloured blood-red by ferric salts. 

Boiling nitric acid converts nitrosalieylic acid into picric acid. A boiling solution of 
chloride of time converts it into chloropicrin (Stenhouse). By boiling with hydro- 
chloric acid and chlorate of potassium it is quickly converted into penchloroqumono. 
The same transformation takes place in a few days when chlorine gas is passed into 
the hot aqueous solution. Nitrosalieylic acid in contact with nascent hydrogen dissolves 
in water, forming a blood-red solution, which gradually deposits purple-red flocks. 
(Buff.) 

Nitrosalicylatest C 7 H 4 M(N0*)0* and C u H*yT(K0*)*0 *. — These salts are 
mostly yellow, take fire when heated, and burn like gunpowder without actual detona- 
tion. They redden ferric salts strongly. 

The ammonium-salt , G 7 H l (NH 4 )(NO a )O s , obtained by saturating the acid with am- 
monia, crystallises by cooling or spontaneous evaporation in fine needles of a gold or 
orange-yellow colour. — The potassium-salt, C 7 H'K(NO*)O s , forms yellow silky ciystals 
slightly soluble in cold water, moderately soluble in alcohol. — The sodium-salt is 
yellow, and very soluble in water. 

Til© barium-salt , C ,4 H‘Ba'\N0 2 ) 2 0®. 4H 7 0 (?), obtained by saturating the acid with 
carbonate of barium, crystallises in shining yellow needles, which are sparingly soluble 
in cold water, insoluble in alcohol, and give off 127 per cent, water of crystallisation at 
200°, — A basic salt , C l4 li H B&"(N() x ) 2 0^a'li 2 0 2 4H x O, is obtained as a yellow powder 
of the colour of lead-chronmte, by precipitating a solution of the preceding salt with 
ammonia. ‘ 

The strontium-, calcium -, and magnesium-salts arc yellow, and very soluble in water. 

The ferric salt forms long, dark-rod, nearly black needles, which dissolve slowly in 
■water, forming a blood-red solution. 

The neutral lead-salt, C H II H Pb"(N0 8 ) , 0 fi .II ? 0, obtained by saturating the acid with 
carbonate of lead, or by pouring nitrosalicylat© of potassium into a hot solut ion of a 
lead-salt, forms a very bulky crystalline precipitate, which increases considerably as 
the liquid cools. - A basic It ad-salt, C l4 II"Pb' r (N0 2 ) 2 0M > b"0, is formed when the neu- 
tral salt is treated with hot aqueous ammonia; it is a dark -yellow powder, quit© inso- 
luble in water, and contains .56 per cent, lead-oxide (Dumas). When a neutral solution 
of lead-nitrat© is poured into a tailing solution of potassic nitrosalicylat©, the mixture 
deposits, after a short time, very slender dark -yellow needles, insoluble in water, and 
containing *50 per cent, loiid-oxid©. (Buff.) 

The Mercurous salt is obtained by mixing the solution of potassic nitrosalicylate 
and barytic nitrate, as a light-yellow precipitate, insoluble in cold, slightly soluble in 
boiling wHter. 

The silver-salt, C 7 H 4 Ag(NO*)0’ is obtained by precipitating tho ammonium-salt 
with silver-nitrate, and crystallises easily from boiling water in straw-coloured needles. 
When heated, it docs not detonate, but throws out very bulky vegetations of carbide of 
silver. 


Dlnltrosalicyllo sold, C T II 4 N*0 7 = C 7 H 4 (NO*)*O a . Ritropopidic acid , — 
(Cahours, Ann. Ch. Pbys. [3] xxv. 11. — Stenhouse, Ann. Ch.Pharm. lxxviii. 1.)— 
Produced : — 1. As an acid methyl-ether, by the action of a mixture of fuming 
nitric and sulphuric acid on methyl sal icy lie acid. On boiling the resulting methyJ- 
dinitrosalicylie acid for a few minutes witli strong caustic potash, a dipotassic dinitro- 
salicylat© is obtained as a sparingly soluble salt of a splendid rod colour; and on 
treating this salt with strong sulphuric acid, keeping too temperature from rising 
atavo 60°, sulphate of {mtassiiun is formed, together with dinitrosalicylic acid, which 
may be dissolved out by cold water. (Cahouri.) 

2. By digesting the aqueous extract of the branches of ceriain poplars (Popufus 
balsamifera, P. nigra) with dilute nitric acid (Stenhouse). Fur details of the prepa- 
ration, see Gmelin’s Handbook, xii. 314, 

Dinitrosalicylic acid crystallises from boiling water in nearly colourless silky needles, 
or by slow evaporation in small hard prisms. It is very soluble in pure water, but 
only slightly soluble in water containing sulphuric or hydrochloric acia. It dissolves 
easily in alcohol and ether. Its taste is very sour at first, then astringent, and finally 
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very bitter. Its solutions impart a persistent yellow colour to the skin. It melts at 
a moderate temperature, when cautiously heated, and sublimes without alteration. 

Dinitrosalicyiie acid produces a deep cherry-red colour with ferric salts, Strong 
nitric acid at the boiling heat quickly converts it into picric acid (hence,. m preparing 
it from poplar extract, the heat must be kept low). Oil of vitriol dissolves it at low 
temperatures, and water separates it from the solution unaltered ; but the mixture 
carbonises when heated. When heated with hydrochloric acid and chlorate of potas- 
sium, it is converted into porc.hloroquinone. — Chloride of lime does not attack in the 
cold ; but on heating the mixture, a violent action takes place, resulting in the forma- 
tion of chloropicrin. 

Dinitrosalicylates.—~Ty\m\.TQiiii\\ey\ic acid forms neutral salts, C 7 H 2 M 2 (NO s )0* 
and C 7 H 2 M"(N0 2 ) 2 0*, and acid salts , C ? H*M(NO*) z O* and C^'IPM^NO.^ 'O®. They are 
mostly yellow, sparingly soluble, and detonate violently when heated. 

The ammonium-salt, C 7 IP(NH 4 )(N0 2 )*0*, is easily obtained by dissolving the acid 
in ammonia, and separates on evaporation in small needles of a fine yellow colour. 

Potassium-salts.-—' Tho neutral or dipotassic salt , C 7 H a K*(N0*)*0*, is produced when 
methyl-nitrosalieylic acid is decomposed by boiling with excess of strong potash-ley. 
It forms beautiful noodles, having a splendid yellowish-red colour and satiny lustre, 
and united in stellate groups. It appears to be completely decomposed by continued 
boiling with potash; detonates violently on glowing coals or on a hot plate(Cahours). • 
The mmopotassic or acid salt , C 7 H s K(N0 2 )*0 a , produced by neutralising the aqueous 
and with carbonate of potassium (Stenli ouso), or by heating the neutral salt with 
dilute nitric acid (Ca hours), crystallises in small lemon-yellow prisms; very 
sparingly soluble in cold water ; insoluble in alcohol or ether. It dissolves very readily 
in alkaline liquids, and is precipitated therefrom by acids (Sten houso). It deposits the 
free acid when boiled with strong hydrochloric acid. It dissolves in slightly heated 
oil of vitriol, and the solution, on being mixod with water, deposits the acid in crystal- 
line lamina*. It detonate* on glowing coals, but not so strongly as the neutral salt. 

The monosod ic salt, 0 J H !, Na(N0 2 )*0 , l obtained by neutralising the aqueous acid 
with carbonate of sodium, forms small spicular crystals or yellow shining needles, 
more soluble in water than the potassium-suit. 

Barium-salts. — The neutral salt, C T H 2 I3a"(N0 a ) 8 0 # , is obtained by adding a boiling 
soluiion of caustic baryta to a boiling solution of the acid, as long as the resulting pre- 
cipitate ml is solves on. agitation. The filtrate then on cooling deposits small granular 
crystals. — The acid-salt , C 1 4 H ,r Ba"(N 0* yO", is obtained as a yellow precipitate on 
adding baryta-water in excess to dinitrosalicyiie acid. It is crystalline, and very 
slightly soluble in boiling watm*. 

The lead-salt is very sparingly soluble in water. 

The silver-salt , C*H s AgCN0 2 ) 2 0 2 , is obtained, in small granular very slightly soluble 
crystals, by saturating a hot dilute solution of the acid with carbonate of silver. 

Oxysali cylic Acids . 

Oxysalicylic acid, C 7 II 6 0*, and dioxysalicylic acid, C 7 H 8 0 5 , are formed by the 
notion of boiling potash-ley on mono- and di-iodosalicylic acid respectively (iv. 3$p ; 
v. 168). 

SALICYLIC ANHYDRIDES. (Gerhardt, Ann. Ch,Phys. [3] xxxvii. 322.) 
— -When dry salicylate of sodium is treated with phosphoric oxychloride, hydrochloric 
acid is evolved, and two products are formed, both containing the elements of sali- 
cylic acid minus water, viz. : — ‘ 

(C T lI<Or ) 

Disalieylie acid, C ,l H lo 0 6 * (C’HOV'lO" « 2C 7 H # 0* - H 2 0. 

H 2 I 

Salicylide C 7 H 4 0 2 = (C T H 4 0)'0 * C 7 H 8 0 # — H*0. 

The formation of these compounds may be represented by the equation : — 
4C 7 H 4 NaO* + PCi 3 0 = C'MT’O 8 + 2C 7 H«0* + NaCl + 2HCI + PNa*0*. 

The product, of the reaction is a hard mass, which, when heated with water, is con- 
verted into a viscous substance soluble in boiling alcohol. The alcoholic solution 
on cooling deposits di salicylic acid in the form of a thick oil, which very slowly 
solidifies, and, when treated with boiling water or with alkalis, is converted into salicylic 
acid. Boiling ether dissolves it, and leaves it on evaporation in the form of a plastic 
mass. . 

If sulicylic acid be regarded ns monobasic, and represented by the formula 
C 7 HKKH.O, disalicylie acid will bo its anhydride, (C 7 1P0 1, ) 2 0, which is tho view of 
its composition takeu by Gerhard t. In like manner, the compounds now denominated 
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btilicyl-acetic and salicyl-bensoic acida were formerly regarded aa anhydrides 

(p. 160 ). 

Salicylide, CTIPO*, the true anhydride of salicylic acid, is the portion of the above* 
described product which is insoluble in boiling alcohol. It is white, amorphous, not 
attacked by boiling water, insoluble in boiling ether. .When heated.it melts to a 
transparent liquid, which solidifies to a translucent mass on cooling. It is not attacked 
by a boiling solution of sodic carbonate, and but slowly by boiling aqueous ammonia, 
but potash quickly converts it into salicylate of potassium. 

When salicylic anhydride [? disalicylic acid or salicylide] is subjected to dry distil- 
lation, the portion which passes over below §00° contains phenol and a body having 
the composition C 7 H 4 0 [*= salicylide, C 7 IPO a — CO] ; and on expelling the phenol by 
heat, and crystallising the residue from alcohol, with addition of animal charcoal, this 
body is obtained in silky needles, which melt at 103°, dissolve in 125 pts. alcohol of 
specific gravity 0*801, and sparingly in water and in ether. The crystals heated with 
bromine to 100° yield a bromine compound, (XEPBrO, which melts at 195°, and crys- 
tallises from hot alcohol in needles. — A nitro-com pound, C*H 3 (N0 !l )0, crystallising in a 
similar form, and melting at 150°, is produced by treating the compound CHPO for 
several days with fuming nitric acid. This nitre-compound is converted by sulphido 
of ammonium into a base, OIPON, which crystallises in yellow needles, and forms a 
crystalline platinum-salt somewhat Boluble in water. The compound ClPO yields 
with strong sulphuric acid a sulpho-acid, which forms a barium-salt crystallising in 
nodules (II. Marker, Ann. Ch. Pharm. exxiv. 249). The formation of the compound 
C*II 4 0 was first noticed by Limp rich t, (Lthrb. d. org. Ctum. p. 914.) 

8AUCT1IC CHLOSOHTSBATE. C 7 H‘O a Cl * (C*H«0) #, |^ 0 .— ! This body, 

metameric with clilorosalicylol (p. 17 1 Land commonly called chloride of salicgl, is 
produced, together with chlorobonzoylieTihloride, C’IPCIO.CI, by the action of ponta- 
chloride of phosphorus on methylsalicylic acid (Gerhard t, Traill. , iii. 343; Drion, 
Arm. Ch. Pharm. xcii. 423), and on salicylic acid (Kolbe and Laubcmann, Jalirosh. 
18f>0, p. 288; Kekul6, ibid. 293; see also p. 154 of this volume). When separated 
from phosphoric oxychloride by heating the product to 160°, it forms a slightly- 
coloured fuming liquid. In contact with water, it becomes heated, and is transformed 
into hydrochloric and salicylic acids. With met liy lie and ethylie alcohols, it yields in 
like manner methyl- and ethyl-salicylic acids. It cannot be distilled without decom- 
position, hydrochloric acid being then evolved, and a fuming liquid passing over 
which exhibits all the characters of chlorobenzoylic chloride; a largo quantity of 
carbon acoous matter is also left behind. (Oerhardt.) 

8ALZC7LIC ETHBBB. By distilling salicylic *acid with an alcohol and strong 
sulphuric acid, acid ethers are obtained having the composition of salicylic acid in 
w hich 1 at. of the typie hydrogen is replaced by an alcohol-radicle, the remaining atom 
of hyd rogen being replaceable by metals, or likewise by alcohol-radicles, yielding neutral 
salicylic ether. • 

(c 7 H<on 

Methyls alloylio add, C"lI B O a <= CH* >0“. Gaultheric acid. (Ca hours, 

II 

Ann. Ch. Phys. [3] x. 327 ; xxvii. 5,-^Procter, J. Pharm. [3J iii. 27. — Oerhardt, 
‘Compt. rend, xxxviii. 32.) — This ether, isomoric with anisic acid, exists ready-formed 
in the volatile oil of wintergreen ( Gaul therm jtrocumfjens) t of which it constitutes about 
A, the remainder consisting of a hydrocarbon isomeric with oil of turpentine (ii. 825). 
On rectifying the commercial oil, the hydrocarbon passes over first at about 200°, and 
the boiling-point then quickly rises to 222°, at which temperature pure methyl salicylic 
acid passes over. 

MethylHalicylic acid is likewise obtained, unmixed with any hydrocarbon, by distil* 
ling with water the bark of the sweet birch (Betula lenta ) ; and it may be produced 
artificially by distilling a mixture of 2 pts. salicylic acid, 2> pts. anhydrous methylic 
alcohol, and 1 pt. of sulphuric acid specific gravity 1*66 ; or by treating anhydrous 
methylic alcohol with salicylic chlorohvdrate. 

Pure inethylsalicylic acid is a colourless oil, having a very penetrating but agreeable 
*odour, anda sweet, cooling, aromatic taste. Specific gravity * PI 8 at 10°. Boiling 
point 222°. Vapour-density, obs. «* 5*42 ; calc. = 5*719. It is slightly soluble in 
water, and mixes in all proportions with alcohol and ether. Its aqueous solution is 
coloured violet by ferric salts. It dissolves iodine without decomposing; and forms a 
brown solution. ‘ * 

Decompositions. — 1. When inethylsalicylic acid is mixed with strong nitric acid, 
violent spirting takes place, if the mixture is not cooled ; but when it is kept cool, methyl* 
nitrosalicylic acid* is produced (C a hours). By fuming nitric add, it is converted 
Von. V M 
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into methyl-nitrosalicylic a ctf ; by a mixture of filming nitric acid and oil of vitrhfi 
into mothyi-dinifitofiM.Iicylic acid, or by longer action into metbyl-trinitroaalicylic acid 
.(Ca hours). — 2. Bromine added by drops to methylsalicylic acid causes considerable 
rise of temperature and evolution of hydrobromic acid ; the mass, which solidifies on 
cooling, contains methyl-bromoealicylic and methyl-dibromosalicylie adds, the proportions 
varying according to the quantity of bromine used. Chlorine forms similar products, 
the quantity of hydrogen replaced never exceeding 2 at., even in sunshine (Procter, 
C a hours). — 3. Pentachloride of phosphorus acts violently on the acid, forming sali- 
cylic chlorohydrate, mothylic chloride, an$ phosphoric oxychloride : 

C’HXCH’JO* + PCI 4 - C 7 H 4 O a Cl + CH“C1 + POCl*. 

For the results obtained by Couper and by Keku.16, see p. 154. 

4. With the chlorides of benzoyl, cumyl and succinyl, methylsalicylic add forms 
benzoic, cumylic, or succinic methylsalicylate, together with hydrochloric acid, e.y . : 

C 7 H 4 (CH*)O t + C 7 H 4 0C1 - C 7 H 4 (CH®)(C 7 H 4 0)0® + HC1. 

lMethyhalicyllc Benzoic Benzoic methyl- 

acid. chloride. zalicylate. w 


6. By potash-ley methylsalicylic acid is resolved, after a few hours at ordinaiy tempe- 
ratures, immediately when heated, into salicylic acid and methylic alcohol (Procter, 
Ca hours).— 6. Heated with anhydrous baryta , it yields carbonate of barium and 
anisol. — 7. With ammonia, either gaseous or alcoholic, it forms salicylamic acid and 
methylic alcohol : 


(C 7 H 4 0)" 

ch* ; 

h '! 


O* + NH® 


H a 

(C 7 H«oy 

• H 


}s 


CH® 

H 


O. 


8. When pieces of potassium are dropped i«to methylsalicylic acid heated to between 
30 and 60°, the temperature rises, gas is evolved, and after the addition of a consider- 
able quantity of potassium, the mass solidifies, even if kept at 105°. Soon afterwards 
it takes fire and leavos a black residue. In one experiment salicylol was produced, 
(uahours.) 

(C'KO)' •, 

Methylsalicylates, C*II’MO* «= CH* to>, the formula* being doubled for 

M j 

. diatomic metals. 

Can ?° S,i , a ot,ta “? d ' agitating strong potash-icy with excess of 
methy lsalicylic acid, m pearly scales, which may be purified by washing with the smallest 
possible quantity of cold water, pressure between bibulous paper, solution in absolute 
alcohol, and evaporation tn vacuo. It then forms extremely delicate white needles, 
haying a strong lustre and resembling asbestos (Cahours); six-sided plates (Procter). 
Pj? J “ u> water, alcohol, and ether, colours ferric salts purple^ and, when 

heated in the moist state, gives off methyl-alcohol, and leaves salicylate of potassium. 
The sodium-salt resembles tho potassium-salt, but is less soluble in water alcohol and 

°-T? a T • H, °- 8e P ftratea in erystaUine^alt’on^d^iJ 
adding methylsalicylic acid to hot baryta- water, and leaving the liquid to cool. By 
dqr distillation it is resolved into anisol, carbonate of barium, and carbonic anhydride 7 

C'»H"Ba"0« + IPO - 2C'H"0 + Ba"CO* + CO*. 

f ° m8 A- of lead, copper, silver, and 

Neutral methylsalMylic etkers,-~i.e . , compounds in which the basic hydrogen of mcthvl- 

sfl ^ l H ofnT PlftCOd \r th ?) * th / } , ™yl, &c., — jire obtain^ 

salicylate of potassium with iodide of methyl, ethyl, or amvl in sealed tubes H'h* 

» a 

- ‘ 3 ) 1 r }<s, b b, 

ss a^ssras^'siasia^ z> - -* «- 

—4 >**■ 
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treating thflHqueoriSBolutionof the residue with hydrochloric acid, a precipitate of 
salicylic acid is obtained. The compound is insoluble in water, but dissolves readily 
in alcohol and ether. (Qerhardt.) y 


(C'H'O)") 

Cumylic methylsalicylate, C'W’O* «= CH* >0* is obtained in like manner 

CWO) 

with chloride of cumyl, but requires for its production a rather higher temperature. 
The product isathick oil, which remains liquid for a. long time, but, if mixed with a 
little ether, solidifies on evaporation to a radiated mass. It is insoluble in water, 
slightly soluble in cold, more soluble in boiling alcohol, whence it ciystallises in highly 
lustrous rhombic scales ; very soluble in ether, and separates therefrom by spontaneous 
evaporation in oblique rhomboidal prisms, sometimes of considerable size. 


(C’lPO) 2 } 

Succinic me iky halicyl ate, C 20 H 19 O 8 = (CH 8 ) 2 >-0 4 . — Prepared by gently heating 

(CHHOffi 

succinic chloride with about 2 pts. of methylsalicylic acid as long as hydrochloric 
acid continues to escape, digesting the resulting brown mass with potash-ley, and crys- 
tallising it from boiling alcohol. The solution on cooling deposits large rectangular 
laminae composed of easily separated fibres. . The compound is sparingly soluble 
in ether. (Gerhardt.) 

(C ? II*BrO)") 

Methii-bromosaiicylic acid, C 8 H T Br0 8 = CII 3 >O a . (Cahours, 

II i 

Ann. Ch. Phys. [3] x. 339.) — When bromine is slowly dropped into methylsalicylic 
acid kept as cold as possible, and the mass which solidifies on cooling is freed from 
hydrobromic acid by washing with weak ulcohol and dissolved in boiling alcohol of 
36°, the liquid, as it cools, deposits shining crystalline lamineo of methyl-dibromo- 
salicylic acid, an additional quantity of which may bo obtained from the mother-liquor 
on cooling after evaporation to one-half. The remaining mother-liquor, however, yields 
by further evaporation crystals of methyl-bromosalicylic acid, which may bo purified 
by three crystallisations from alcohol or by sublimation. 

Methyl-bromosalicylic acid forms silky needles, having a peculiar odour, melting 
at 56°, and subliming without decomposition. It is nearly insoluble in water , but 
dissolves readily in alcohol and ether. It dissolves in cold concentrated putash-lcy, 
apparently forming the salt C J H*KBr(CH a )O a ; on heating the liquid, methylic alcohol 
is given off, and bromosalicylato of potassium remains. A strong solution of ammonia 
gradually converts it into bromosalicylamic acid ; distillod with cyanide of mercury it 
forms m ethy 1-cyanosali cylic acid. 

(C 7 H*BriO)") 

Methyl-dibromosalicylic acid, CHI^Br^ 1 *=» CH* >0*. (Ca- 
ll i 

hours, loc.cit.) — This acid is prepared, as above described, by the action of bromine on 
methylsalicylic add, or by treating tho monobrominated acid with excess of bromine. 
It crystallises from alcohol in rather largo prisms, melting at 146°, and volatilising at 
a higher temperature. It is insoluble in water, but soluble in alcohol and ether, 
especially when warm. With cyanide of mercury it behaves like the monobrominated 
compound. It dissolves in potash and in soda , forming crystallisable salts, from which 
it is separated by acids in. its original state. 

Methyl-dibromosalieylic acid is not attacked by excess of bromine, even in direct 
sunshine. 

Mbthyl-chlorosalicylic acid, C*H’C10» is formed when methylsalicylic 
acid is exposed to the action of a small quantity of chlorine ; but it is difficult to purify. 
(Cahours.) 

Mbthyl-dichlorosalicylic acid, (Procter, J. Pharm. [3] 

iii. 27 6. — Cahours, Ann. Ch. Phys. [3] x. 343.) — When chlorine gas is passed into 
methylsalicylic acid till the action ceases, a yellowish crystalline mass is formed, con- 
sisting of methyl-dichlorosalicylic acid mixed with a small quantity of liquid methyl- 
chlorosalicylic acid. By crystallisation from boiling alcohol, the dichlorinated acid 
is obtained in colourless rhombic tables (Procter) ; in needles (Cahours). It melts 
at 104° (Procter), at about 100° (Cahours), ana crystallises on cooling; volatilises 
without decomposition at a stronger heat {Cahours), arid sublimes a little above its 
melting point in rhombic oystals. It is insoluble in water, soluble in alcohol and 
ether ; dissolves in cold strong caustic potash, and is separated therefrom by acids in its 
original state. It dissolves slowly in ammonia, forming a chlorinated amide. When 
distilled with cyanide of mercury , it yields a compound in which the chlorine is 
replaced by cyanogen. It is not attacked by chlorine in sunshine. 
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[C’H‘(NO»)On 

MjitHTL-KUBOSAiiOTLic acid, C , *H’NO* “ CH* >0*. Indigotat* 

H ) 

of Methylme. (Cahours, Ann. Ch. Phys. [8] x. 345.)— Produced by addmg ftnning 

nitric acid to methylsalicylic acid, cooled so that no spirting may take place. The 
liquid then quickly solidifies in a crystalline mass, from which the free nitric acid may 
he extracted byboiling water; and the product, purified by two or three crystallisations 
from alcohol, forms very delicate yellowish needles, which melt between 88° and 90°, and 
may for the most part be volatilised without decomposition. It is very slightly soluble 
in water, easily soluble in boiling alcohol. Potash and soda likewise dissolve it easily, 
forming methyl- nitrosalicylatcs ; ammonia ultimately conyorts it iutomtrosalicylamic 
acid. Boiling potash decomposes it into methylic alcohol and mtroealicyUc acid. 

When fuming nitric acid in slight excess is gradually added to mcthyl-nitrosalicylic 
acid , h brisk action takes place, and a dark-red solution is formed. If the mixture be 
not cooled , but gently heated at the last , the liquid becomes turbid , and deposits drops 
of oil, which, if the heat be discontinued as soon as they cease to increase, form a 
yellow resinous mass ; and this substance, when dissolved in hot alcohol, separates 
almost completely on cooling, in pale-yellow needles, which melt at 95°, and form on 
cooling a yellow radiated mass, which, if carefully raised to a higher temperature, 
sublimes in pale-yellow slender needles. It dissolves sparingly and with slight colour 
in cold water, and more abundantly in hot water, whence it separates in long, slender, 
nearly colourless crystals ; it dissolves also in alcohol and ether, especially when hot. 
Neither the aqueous solution nor the acid obtained after decomposition with potash 
reddens ferric salts. The crystals contain 43‘40 per cent. C, 9*67 N, and 3 28 H, and 
are, therefore, a mixture of methyl-nitrosalicylic and methyl-dinitrosalicylic acids 
^0 a hours). Procter obtained a similar substance by boiling wintergreen-oil with 
nitric acid of specific gravity 1*14. 

[OTPfNO^O]*) 

Metiiyl-dinitbosalicylic acid, C 8 II 6 N z 0 7 = CII 3 >0* Acide 

H j 

ganltMrique binitrique. Salicylate dc methylene binitrique. (C ah ours, Ann. Ch.Phys. 

1 3 1 xxv. 6.) — When methylsalicylic acid is dropped into a mixture of fuming nitric 
acid and fuming oil of vitriol kept cool by cold water, a clear dark-orange-coloured 
liquid is producod. As soon as the drops of mothylsalicylie acid cease to dissolve, a 
small quantity more of liitrosulphuric acid is added, the mixture shaken till the solution 
is complete, and the liquid, after some minutes, diluted with eight times the quantity of 
water, whereupon the methyl-dinitrosalicylic acid separates out, and may be crystal- 
lised from solution in boiling alcohol. The aqueous mother-liquor contains methyl- 
trinitrosalicylic acid. 

Methyl-dinitrosalicylic acid forms yellowish-white crystalline scales, which become 
nearly colourless after two crystallisations. It is heavier than water ; melts between 
124° and 125°, forming a pale-yellowish liquid, which solidifies in a fibrous muss on 
cooling, volatilises completely when carefully heated in a retort, and sublimes in very 
delicate shining lttmimu. When suddenly heated, it detonates, and decomposes, giving 
off a thick black smoko, and leaving a carbonaceous residue. 

The acid is insoluble in water, oven at the boiling heat, noarly insoluble in cold 
alcohol , but eusily soluble in boiling alcohol. 

It dissolves in gently-boated oil of vitriol, and is precipitated therefrom by water in 
nearly colourless scales, having a strong lustre. The solution in oil of vitriol gives off 
carbonic anhydride between 75° and 80° : if it bo gradually heatod, and too great a 
rise of temperature prevented by frequent immersion in cold water, a colourless liquid 
ih formed, which is rendered turbid by addition of a large quantity of water, and on 
cooling yields small shining needles, which dissolve readily in boiling water or alco- 
hol, and crystallise on cooling. — If the solution in oil of vitriol be heated somewhat 
more quickly, or above 100°, the liquid turns red and ultimately black, giving off 
carbonic and sulphurous anhydrides, and deposits brown flakes when mixed with 
water. 

Methyl-dinitrosalicylic acid dissolves without decomposition in fuming nitric acid at 
temperatures between 30° and 40°, and is ropreci pita ted by water in its original state. 
The solution in gently-heated nitromuriatic acid deposits on cooling needles of the 
unaltered substance. 

By continued boiling, either with fuming or with commercial nitric acid, it is com- 
pletely decomposed, with formation of picric acid. By the continued action of a 
mixture of nitric and sulphuric acids, it is converted into methyl-trinitiosalicylic arid. 
By boiling with strong potash-ley, it is resol vod into methylic alcohol and dinitro- 
salicylic acid. 

Methyl-dinitrosalicylic acid forms salts containing CWM^O^CEPJO 3 . It 
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dissolves in dilute potash and soda, forming salts which crystallise by evaporation. The 
ammonium-salt , C 7 H a (NH 4 )(CIP)(N0*)*0», obtained by dissolving tho acid in a slight 
excess of warm caustic ammonia, crystallises in yellow transparent neodles, sparingly 
soluble in cold, very soluble in boiling water; the solution, mixed with an acid, 
deposits methyl-dinitrosalicylic acid. The sil- ver-salt, C 7 H 2 Ag(CH s ) (NO x ) z O s , obtained 
by adding nitrate of silver to a dilute solution of the ammonium-salt, is a yellow 
powder resembling chromate of lead. 

[C 7 H(N0 2 )*0]") 

Methyl-trinitrobalicylio acid, OTPNW » CH* yO*. (Ca* 

H j 

hours, Ann. Ch. Phys . [3] xxv. 20.) — When the product of the action of a mixture 
of strong sulphuric and fuming nitric acid on methylsnlicylic acid is treated with 
boiling alcohol, and the deposit of methyl -din ibrosalieylic iwia is separated, the mother- 
liquor retains methyl-trinitrosalicylic acid, which crystallises in yellowish transparent 
plates, but always accompanied by picric acid. 

(C 7 H<0)") 

Btbylsalloylio acid, CTI^O* ~ C 2 IP >0*. (Cab ours, Ann. Ch. Phys. 

If 1 

[3] i. 369. — G. Baly, Chem. Soc. Qu. J. ii. 28. — Gerhardt, TraitS, iii. 326.) — 
1. When 4 pts. of alcohol aro distilled with 3 pts. of crystallised salicylic acid and 
2 pts. of oil of vitriol, alcohol alone passes over first, then a mixture of alcohol and 
ethylsalicylic acid, and lastly a small quantity of alcohol with a large quantity, of 
ethylsalicylic acid. As soon as sulphurous anhydride begins to escape, the distillation 
is interrupted, the distillate shaken up with water containing a little ammonia, then 
washed with water, dried over chloride of calcium, and rectified by two distillations. 
(Cahours, Baly). — 2. When absolute alcohol is added by drops to salicylic chloru- 
hydrate, the mixture becomes heated, and gives off large quantities of hydrochloric 
acid. As soon as the action ceases, tho liquid is distilled, and tho portion which 
goes over towards 225° is collected. (Gerhardt.) 

Properties . — Ethylsalicylic acid is a colourless oil, heavier than water. Specific 
gravity 1 097 (Baly); 1-1843 at 10° (Dolffs). Boils at 225° (Cahours) ; at 221° 
with the barometer at 28" 1*3'* (D elf fa); at 229-5° (Baly). It has an agreeable 
odour, resembling that of methylsalicylic acid. It dissolves sparingly in water, easily 
iu alcohol and ether. 

Decompositions. — 1. Chlorine and bromine act strongly on ethylsalicvlic acid, pro- 
ducing crystallised substitution-products. — 2. With pentachloride of phosphorus and 
with chloride of benzoyl, it reacts like the corresponding methyl-compound.— 3. Ammonia 
dissolves it slowly, converting it into ethylic alcohol and salicylamic acid. — -4. Fum- 
ing nitric acid converts it into ethylic nitrosalicylate ; but when boiled with nitric 
acid, it yields picric acid. — 5. When boiled with potash or soda, it is resolved into 
alcohol and salicylic acid. — 6. Anhydrous baryta attacks it strongly, and the product, 
when distilled, yields ethylic phenate or phenetol : 

CUP^H^O 2 « CO 4 + C*H s (C*IP)0. 

Ethyl*;ilicylJc Phenetol. 

acid. 

Ethyl salicylates. — The acid dissolves in cold potash- or soda-ley, forming 
crystallised salts soluble in water. Heated in a sealed tube with met hylic, ethylic , 
or amylic iodide, it yields the ethylsalicylato of methyl, ethyl, or amyl. 

Benzoic ethylsalicylate, C I H 4 (C T IPO)(C 2 H s jO s , is produced by heating the acid with 
chloride of benzoyl as long as hydrochloric acid continues to eseupe. It is a crystalline 
mass, soluble in alcohol and ether, and separates from its ethereal solution by spots-, 
taneous evaporation in. the form of an oil, which gradually solidifies in nodular groups of 
small prisms. (Gerhardt.) 

Ethyl-brokosaeicylic acid, C , H^B^(C*H*)0^ is produced by the action of 
bromine on salicylic acid in excess. It dissolves very easily in alcohol, and crystallises 
therefrom in slender needles, very much like methyl-bromosalicylic acid, (Cahours, 
Ann. Ch. Phys. [3] x. 341.) 

Eth yl-dibeomosalicylic acid, C^Br^CHPJO 1 , is produced by treating 
ethylsalicylic acid with excess of bromine. It crystallises in broad nacreous scales, 
veiy slightly soluble in cold, moderately soluble in boiling alcohol. It melts at a 
rather low temperature, and solidifies on cooling in a mass similar to crystallised 
bismuth; by fusing about 10 or 15 grammes of it, large well-defined cubes may 
be obtained. When slowly heated, it volatilises almost without residue. It dissolves 
in strong caustic potash, and is precipitated therefrom unaltered by adds. Ammonia 
ultimately dissolves it, forming dibromoealicylamic acid. (Cahours, Ann. Ch. Phys. 
13] x. 364.) 
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* ETHYL*pri 9 HXOBosALiOYL™ acid, C r H , Cl , (C s H 5 )0*, is ponced by passing 
chlorine into etbylsalicylic acid heated over a water-bath. The solidified maw 
obtained at the end of the reaction is purified by pressure between bibulous, paper, and 
one or two crystallisations from alcohol, whence it is deposited on cooling in small, 
colourless, shining plates. (Ca hours, Ann. Ch. Phys [3] xxvii. 461.) 

Ethyl-witbosai.icylic acid, C’HWO 4 - C 7 H 4 ( C 2 H 4 )(N0*)0*. (Cahours, 
Ann. Ch. Phys. [3] x. 362.)— When fuming nitric acid is gradually added to ethyl- 
salicylic acid, which is kept cool, a red liquid is formed, from which water throws down 
a heavy oil, solidifying after a while in a crystalline mass. The oil sometimes 
remains liquid for several days, but immediately solidifies if a few drops of ammonia, 
are added to saturate the free acid. When the solid mass is repeatedly washed with 
cold water and dissolved in hot alcohol, the solution yields by evaporation yellow 
silky crystals, which must be repeatedly recrystallised . 

Ethyl-nitrosiilicylic acid forms yellowish needles, very much resembling the methyl- 
compound. It melts in boiling water, and solidifies again on cooling. Heated with 
potash or soda, it yields nitrosalicylic acid and alcohol. It is not immediately 
dissolved by ammonia, but when left in contact with it in a closed vessel, it gradually 
dissolves, forming nitrosalicylamic acid and alcohol. 

The acid dissolves in cold potash or soda, forming an ethyl-nitrosalicylate of the 
alkali -metal. 

ETHU*DiNiTBOfiAncYiic AoiD, C B H 8 N*0 7 = C 7 H # (C 2 H 5 )(N0*) 2 0*. (Cahours, 
Ann. Ch. Phys. [3] xxv. 19 ; xxvii. 462.) — When dinitrosalicylic acid is dissolved in 
absolute alcohol, and dry hydrochloric acid gas passed into tho boiling solution, the 
liquid evaporated to one-half, and water added, a heavy oil is thrown down which 
soon solidifies ; and if this oil be washed several times with water, and then diBsolvod 
in boiling alcohol, tho solution on cooling yields crystals of ethyl-dinitrosalicylic 
acid. The same product is obtained by treating ethyl salicylic acid with nitric and 
sulphuric acids, in the samo manner as methylsalicylic acid is treated for the prepara- 
tion of mothyl-dinitroaalicylic acid (p. 164). 

Ethyl-dinitrosalicylic acid forms beautiful yellowish-white scales and plates. It 
melts at a gentle heat, and solidifies again in tho crystalline form on cooling. After 
being heated for some time, it remains liquid for a considerable time on cooling, and 
then solidifies in tho form of a resin. It forms soluble crystallisable salts with the 
alkalis. When boiled with potash, it is resolved into alcohol and dinitrosalicylic 
acid. 

(C 7 H 4 0) 2 ) 

Kthylene-sallcyllo add, - (C*H 4 )" >0\ (L. Gilmer, Ann. Ch. 

H a ) 

Pharm. cxxiii. 277.) — Produced by heating bromide of ethylene with dry salicylate of 
silver. After purification, it forms white needles, having a fatty lustre, melting at 83°, 
insoluble in water and in caustic alkalis, soluble in alcohol , and precipitated therefrom 
by. ether (Gilmer). According to A. Mayer, on the contrary (Zeitschr. Ch. Pharm. 
1864, p. G42), it is more soluble in ether than in alcohol. The laminae resulting from 
the first crystallisation aro converted by recry etallisation into large colourless or 
yellowish prisms (Mayer). Tho compound heated with pentachloride of phosphorus 
gives off hydrochloric acid, phosphoric oxychloride, and chloride of ethylene, and 
leaves a residue exhibibiting tho characters of salicylic anhydride. (Gilmer.) 

(OTTO)”) 

Amylaalicyllo add, C ,3 H ,8 0* = C a H J ' VO 3 . (Dr ion, Ann. Ch. Pharm. xcii. 

H ) 

513.) — Produced by the action of salicylic chlorohydrate on amylic alcohol. It is 
necessary to operate on small quantities only: otherwise the action becomes too 
violent, and a large quantity of phenol is produced. 

It is a colourless strongly refracting liquid, heavier than water, and insoluble there- 
in, boiling at 270°, and having an agreeable odour. With cold potash-ley, it forms 
amylsnlicyliite.of potassium. (Drion.) 

When boiled with potash, it yields amylic alcohol and salicylate of potassium. 

Heated with chloride of benzoyl, it gives off hydrochloric acid, and yields a body 
which crystallises in needles (benzoic amylsalicylate? ‘ Gerhard t) ; according to 
Drion, it yields a viscid mass, which does not readily solidify. 

IAUOYUDI, C 7 H*0*. — The anhydride of salicylic acid (p. 160). 

■AXlcramm, C’H»NO - ( c ’H <0 n N . (Limpri cht,Aim.Cai.Phan n . 

xcviii. 261.) — Produced by the action of heat on salicylamic acid (p. 150). The 
residue, obtained by heating the acid to 270°, is washed with cold alcohol, to remove 
undecomposed salicylamic acid; it then forms a yellow powder, which under the 
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microscope appears to consist of crystalline needles. Does not melt at 200° It a 
coloured purple by ferric chloride. ’ w 

Salicylimide is insoluble in water and in aqueous ammonia, but is dissolved bv 
alcoholic ammoma , forming a yellow solution, which, when evaporated, leaves the 
compound apparently unaltered. Acids decolorise the solution ; acetate of lead forms 
in it a white, nitrate of silver a yellowish, and sulphate of copper a slight greenish 
precipitate. It is nearly insoluble in boiling alcohol and ether . , 


SAX1XCYI1O&, C J H*0* « (C 7 H < 0)*jgQ. Salicylous Hydride. Hydric Salicylite. 

Salicylous acid . Hydride of Salicosyl (incorrectly Hydride of Salicyl). Volatile Oil of 
Spiraa. (Pagenstocher, Ann. Ch. Phys. [2] lxix. 331.— Lowig, Pogg. Ann. xxxv. 
383 — Piria, Ann. Ch. Pharm. xxix. 300; xxx. 153; Ixxxi. 245.— Dumas, ibid. xxix. 
306. — Lowig and Weid maun, Pogg. Ann. xlvi. 57. — Ettling, Ann. Ch. Pharm. 
xxix. 309; xxxr. 241; liii. 77.— Wohler, ibid, xxxix. 121.— Marchand, J. pr. 
Chem.xxvi.394.— Bertagnini, Ann. Ch. Pharm. lxxxv. 193.)— This compound, intor- 

mediate between salicylic acid, (C 7 IPO)"J jjq, and the unknown salicylic aldehyde, 
•g, was formerly regarded as salicylous hydride, or hydride of salicosyl, 


C T I1 S 0 2 .H. It was discovered in 1835 by Pagenstecher, who obtained it by 
distilling the flowers of meadow-sweet (Spirea Ulmaria) with water. It appears, 
however, not to exist ready-formed in these flowers, as it cannot be extracted therefrom 
„ by alcohol (Dumas). It is obtained also from the green parts and the rootstock of 
Spireea Ulmaria ; from the green parts of Sp, diyituta, Sp. luhata, and Sp.filipendula, but 
not from the shrubby spiraeas (Wi eke, Ann. Ch. Pharm. xci. 374) ; also from the warty 
secretion of tho larvae of Chrysomcla poptdi (Liebig, Sehweizer), and, according to 
Knz (Jahresb. 1859, p. 312), from the beetles themselves by distillation with water. 

Artificial formation. — 1. By the dry distillation of quinic acid (Wohler). — 2. By 
the oxidation of saligenin, either in the free stato or as contained in salicin or* 
populin ; therefore by the action of potassic chromate and sulphuric acid (Piria), or 
of aqueous osmic acid (Buttlerow, J. pr. Chem. lvi. 278) on saligenin, salicin, or 
populin, or by tho action of bromine or iodine on salicin in wator containing potash 
(Lefort). From saligenin, C 7 I1 8 0* it is formed by direct oxidation ; and as salicin 
is a glucoside of saligenin (p. 147), and populin has the composition of benzoylsalicin, 
its formation from these bodies is likewise easily intolligible.— 3. By the fermentation 
of salicin (Ranke, J. pr. Cliom. lvi. 1).— 4. In the decomposition of helicin (iii, 139), 
by fermentation, by acids, or by heating with alkalis. 

Preparation. — 1. From the flowers of Spireea Ulmaria. These flowers distilled with 
water yield an essential oil, consisting of salicylol mixed with a hydrocarbon having 
tho composition of turpentine-oil, and a camphor-liko substance which solidifies at 
ordinary temperatures. On neutralising this distilled liquid with potash, evaporating 
nearly to dryness to expel the hydrocarbon (this part of the operation being performed 
in a retort to keep out the air), then slightly supersaturating tho residue with phos- 
phoric acid, and distilling, salicylol passes over, partly as aqueous solution, partly in oil- 
drops. It may bo further purified by repeatedly agitating the last distillate with 
ether, shaking up the decanted ethereal solution with potash, supersaturating the potash 
solution with phosphoric acid, and distilling. (Lowig, Lehrbuck, ii. 747.) 

2. From salicin , by oxidation with chromic acid. The best proportions, according 
to Ettling, are 3 pts. salicin, 3 pts. acid chromate of potassium, pts. strong sul- 
phuric acid, and 36 pts. water. The potassic chromate is intimately mixed with the 
salicin ; about * of the water is poured upon the mixturo, which is then well agitated 
in the retort ; the whole of the sulphuric acid, diluted with the remainder of the water, 
is then poured in at once, and the Hgitation is repeated. A Blight evolution of gas then 
takes place, lasting for half or three-quarters of an hour, the liquid at the same time 
becoming heated to between 60° and 70°, and assuming an emerald-green colour. As 
soon as this reaction has ceased, tho liquid must be moderately heated. Salicylol 
then passes over, and condenses in the receiver in the form of a heavy oil, its formation 
being accompanied by the evolution of carbolic anhydride and formic arid. The 
distillation is continued till the condensed water is no longer milky. The salicylol 
dissolved in the water may be extracted by agitating with ether, and evaporating 
the ethereal solution. The residue in the retort is a solution of chrome-alum, on the 
surface of which there usually floats a resinous matter, resulting from the decomposition 
of part of the salicylol. 250 grins, of salicin thus treated yield about 60 grins, of 
salicylol. 

The aqueous extract, of willow-bark may also be used instead of pure salicin for 
the preparation of salicylol. The salicylol thus obtained is purified by combining 
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. it with an alkali, concentrating the solution, and distilling it with dilute sulphuric 
acid. 

Properties. — Salicylol is a colorless or^ reddish oil, having a pleasant aromatic 
odour, like that of bitter-almond oil, and an acrid burning taste. It turns red on 
exposure to the air, but may be rendered colourless again by a single distillation. 
Specific gravity =* 1*173 at 13*3°. Boiling point, 196*5° (Piria), 182° (Ettling). 
Vapour-density, obs. = 4*276; calc. = 4*226. It solidifies at — 20°, iB inflammable, 
and burns with a bright but smoky flame. 

Salicylol dissolves with moderate facility in watery its solution has no action 
upon litmus ; it is coloured deep violet by ferric salts. Alcohol and ether dissolve 
it in all proportions. The solutions have no action in polarised light. 

Salicylol decomposes alkaline carbonates, even in the cold. Caustic alkalis dissolve 
it, with formation of salieylitcs. When heated with hydrate of potassium, it is con- 
verted into salicylate of potassium, with evolution of hydrogen : 

C 7 H“0 2 + KHO «. II* + C 7 H a KO*. 

Ammonia converts it into hydrosalicylamide (iii. 218) : 

3C 7 H®0 2 + .2NH* = C 7, H ,B N*0 3 + 3H*0. 

By chlorine it is converted into chlorosalicylol ; by bromine into bromosalicylol. 
Iodine dissolves in salicylol without alteration ; nitric acid converts it into nitro- 
Rulioylol ; by prolonged boiling with nitric acid, it yields picric acid and carbonic 
anhydride. Boiled with hydrochloric acid and chlorate of potassium, it yields 
perchloroquinonc and carbonic anhydride (II ofmann): 

C’lTO* + 6Cl a + 0* - C n CB0‘ + 6IIC1 + CO*. 

By boiling with acid chromate of potassium and dilute sulphuric acid, it is partly con- 
verted into salicylic acid (Ettling). It is likewise oxidised to salicylic arid by 
boiling with cupric oxide in alkaline solution, a precipitate of cupric oxide being formed 
at the same time. - It also reduces oxide of silver. When exposed to the vapour of 
sulphuric anhydride, it is converted into a neutral insoluble body, isomeric with sali- 
cylol, and related to iL in the same manner as benzoin to bitter-almond oil. 


Compounds and Dkrivatives of Salicylol. 


Salicylol, as already observed, is intermediate in composition between salicylic acid and 
salicylic aldehyde ; and accordingly it forms, on the one hand, salts called salieylitcs, 

by exchange of its typic hydrogen for metals, e.g. (C’H*0)" j ^ Q1 and, on the other 
hand, crystalline compounds with acid sulphites of alkali-metals. 

These latter compounds are obtained either by direct combination, or by the action 

of sulphurous anhydride on the salieylitcs of the alkali-metals: — Am?nonium~salt. An 

aqueous solution of acid sulphite of ammonium easily dissolves salicylol, forming a 
yellow oily liquid, which after some hours solidifies to a crystalline maws. The product 
dissolves in hot water, and separates on cooling in shining slightly yellow needles. 
When exposed to the air for some days, it changes to a brown viscous mass, ha vine a 
very bitter taste. 7 b 


Potnmim-salt, C 7 H*0*.KITS0». - Salicylol shaken up with an aqueous solution 
of acid potassic sulphite of 28° Em., dissolvos without colour; and the saturated 
solution solidifies in a few seconds, forming a white inodorous crystalline mass which 
may be recrystallised from alcohol. When dry sulphurous anhydrido is passed into a 
i . ftlco “ ol,c solution of potassic salicylite at a temperature between 40° 

anil oO , till the yellow colour disappears, and the liquid is then left at rest, it soon 
becomes filled with slender needles arranged in spherical groups. The compound is 
white with a pearly lustre, and a faint odour of salicylol. It dissolves abundantly 
in cold water easily in warm alcohol, less easily in cold alcohol. When heated, it 
gives off sulphurous anhydride and salicylol, leaving a residue of potassic sulphite, 
winch afterwards changes to sulphate. The aqueous solution, when heated, soon 

Bnd ; i 1 T S,ta T 1U,yhl; heatwl with acids, or mixed (area in the 
co d) with alkalisor alkaline carbonates, it turns yellow, and yields a aaliejlite. The 
solution takes up iodine, at first without coloration; whei it begins to showcolour the 
Z t £. th8 w- 1 J ph . Ur0 ^ *”t 18 convcrtwl into sulphuric add, and the salicylol 
(B^tagniniO^ * ^ ronuno the 8uluUon sulphuric acid and bromosalic/lol. 

StKliumsa/l -A solution of acid sodic sulphite, agitated with a large quantity of 
salicylol, solidifies to a wh.te crystalline mas* the solution of Ihich in hot 
water deposits, on moling, shin.ng crystals, having a sulphurous taste and odouraolu- 
ble in pure water, also, with partial decomposition, in boiling alcohol. (Bertagiiini.) 
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MetaUloderivativea of sallojlol. 8*Ucyllte», C’JPMO* - CrU'O)” j^° 

and C"H 10 M"O 4 = (C 7 ft 4 0)* j . — Those compounds are obtained by the action of 

salicylol on metallic oxides and hydrates. The salicylites of the alkali-metals aro 
moderately soluble in water ; most of the others are insoluble. They are yellow, and 
contain water of crystallisation. The solutions colour ferric salts violet. In the 
moist state they quickly decompose, emitting the odour of roses, and turning brown, 
and ultimately black. 

Salicylites of Ammonium. — The neutral salt, C T H 5 (NH 4 )0* is obtained by 
agitating salicylol with strong aqueous ammonia at a gentle heat, and crystallises 
on cooling in yellow needles. It is slightly soluble in cold water, still less in 
alcohol; melts at 115°, and volatilises without alteration at a higher temperature. 
When kept in the moist state in a closed vessel, it gradually decomposes ; blackens, 
becomes semifluid, gives off ammonia, and acquires a very penetrating odour of roses. 
The alcoholic solution, evaporated with excess of ammonia, yields golden-yellow 
needles of hydrosalicylamide (Ettling, iii. 219). When macerated with potash or soda, 
it gives off ammonia only after sometime, or when heated. Acids decompose it imme- 
diately, separating salicylol. It decomposes the metallic salts of the stronger acids, 
yielding the ammonium-salt of the acid, and a salicylito of the metal (Lowig 
and Weidmann). An acid salicylite of ammonium is obtained by dissolving the 
neutral salt in warm water, and adding salicylol; it crystallises, on cooling, in groups 
of slender, transparent, yellow needles. (Berzelius, Jjckrb. iv. 350.) 

Salicylites of Potassium : a. Neutral, C T H 4 K0 2 . — 1. Potassium dissolves in 
aqueous salicylol with evolution of hydrogen, forming salicylito of potassium (Lo wig). 
— 2. When salicylol is mixed with potash -Icy of about 46° Bm., the whole solidifies 
to a yellow crystalline mass, which separates from the excess of polash-lcy; it must 
be quickly pressed between bibulous paper, and dissolved in a small quantity of hot 
absolute alcohol, whence the salt crystallises on coding (Piria). — 3. Salicylol is 
dissolved in three times its bulk of 50 per cent alcohol, and caustic potash -solution is 
added till the mass becomes solid ; 1 vol. more of the samo alcohol is then added, and 
the whole gently warmed till the solid mass is dissolved. The crystals, which separate 
on cooling, are washed with a small quantity of cold strong alcohol, whereby they are 
rendered lighter, then pressed between bibulous papor, and immediately dried in vacuo 
over oil of vitriol (Ettling). — The salt crystallises in small straw-coloured prisms 
(Lowig); golden-yellow square tables, with a pearly lustre, and unctuous to the 
touch (Piria, Ettling). It is slightly soluble in water, and has an alkaline reaction. 
According to Piria, it contains water of crystallisation, which cannot bo completely 
expelled. At 100° it assumes a dark straw-yellow colour, and gives off 10*72 per cent, 
water (calc. 10*17) ; and no more at 120°. 

It is permanent at ordinary temperatures whon dry, but decomposes quickly in the 
moist state, yielding acetic and melanic acids (iii. 867). When heated, it decomposes 
with appearance* of fire, but without separation of charcoal. (Lowig.) 

0. Acid salt , C 7 H*K0 2 .C 7 H w 0 2 . — Salicylol is added to the solution of a in hot 
alcohol, till a sample of tho liquid on cooling no longer yields tables, but specular 
crystals;’ it is then loft to cool slowly, and tho resulting crystals are washed till tho 
yellow colour disappears. Wbite needles united in tufts, somewhat less alterable than 
the neutral salt in moist air; decomposes with water into the neutral salt and 
salicylol. (Ettling.) 

Salicylites of Sodium. — Tho neutral salt resembles neutral salicylito of potas- 
sium.— The acid salt, 2(C 7 H 4 NaO 2 .C 7 H 0 O 2 ).H*O, prepared like the corresponding 
potassium-salt, crystallises more readily in slender white needles, which arc permanent 
in tho air.' At 100° it gives off only 0*007 per cent, water; at 135°, in vacuo, 4*036 
per cent., and at 140° 4*36 per cent. It bears a temperature of 160° without decom- 
position, but decomposes at higher temperatures, giving off salicylol. (Ettling.) 

SaHeylite of Barium, C H H ln Ba"0 4 .2H 2 0, separates as a yellow crystalline 
powder, when chloride of barium is poured into a concentrated solution of potassic 
salicylito. A hot solution of baryta saturated with salicylol, and left to cool, deposits 
tho same salt in yellow needles. It contains 8*6 per cent, water, which it gives up 
at 160° in a current* of dry air. — The strontium - and calcium-salts are sparingly 
soluble. — The may n ex iu m -salt is obtained by agitating aqueous salicylol with hydrate 
of magnesium, as a light-yellow, nearly insoluble powder. 

Cupric Salicylite, C ,4 H ,0 Cu"O\ is easily obtained by agitating a cold solution 
of salicylol in 60 or 60 times its volume of alcohol, with aqueous cupric acetate. The 
liquid then assumes a fine green colour, and becomes filled, after some time, with 
iridescent needles of the same colour. These crystals are very slightly soluble, in 
water and in alcohol An additional quantity of them may be obtained by saturating 
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file acetic acid set free in the reaction with an alkali. An aqueoas solution ^of 
aalicylol shaken up with recently precipitated cupric hydrate, yields a cupric salicylite 
in the form of a Tory light powder of a green colour. Cupric salicylite heated to‘ 
H20° gives off aalicylol, benzosalicylol, and carbonic anhydride, leaving a residue of 
cupric salicylate. 

Salicylite* of Iron. — The ferrous salt is obtained, as a dark-violet precipitate, on 
adding ammonia to a solution of ferrous chloride mixed with salieylot — Ferric salt. 
A solution of ferric chloride, mixed with salicylol, immediately assumes a dark-violet 
colour. The mixturo loses its colour on exposure to the air, but recovers it on a fresh 
addition of aalicylol. 

Salicylites of lead. — a. Neutral. Recently precipitated hydrate of load in 
contact with aqueous aalicylol is converted into a light-yellow powder made up of 
small shining scales. — 0. A basic salt , C M H 10 Pb"O 4 .Pb"O, is precipitated in light- 
yellow grains, on mixing an alcoholic or aqueous solution of aalicylol with basic 
acetate of lead, or with the neutral acetate and ammonia. With an alcoholic solution^ 
of salicylol, the precipitation does not take place immediately. The salt precipitated* 
in the cold is flocculent at first, but gradually becomes crystalline. It is anhydrous. 

Mercury-salt. — Mercuric oxide is not attacked by salicylol. A strong solution 
of mercuric chloride poured upon salicylite of ammonium forms light bulky flocks. - 

Silver-salt. — Obtained by double decomposition, as a yellow precipitate, which 
soon blackens and decomposes. With very dilute solutions no precipitato is formed, 
but the sides of the vessel become covered, after about 24 hours, with a pellicle of 
reducod silver ; in a hot solution this reduction takes place immediately. Aqueous 
salicylol reduces oxide of silver. 

Zinc-salt. — Aqueous salicylol shaken up with oxide of zinc, forms a yellow 
solution, which, when evaporated in a vacuum, leaves a yellow pulverulent residue. 

Organic derivatives of Salicylol. — These compounds are formed by the 
action of salicylol on the chlorides of acid organic radicles. 

Acctosalicylol , C fi H a O s = C 7 H 3 (C 2 H a O)O a . Acetosalicyl . (Cahours, Ann. Ch. 
Pharm. civ. 109 ; cviii. 312.) — When equal volumes of salicylol and acetic chloride 
are heated together, the mixturo becomes viscous, and evolves largo quantities of hydro- 
chloric acid; and if, when this action is over, the liquid be heated for some hours to 
100° in a sealed tube, it yields, on slow cooling, brownish prismatic crystals of aceto- 
salicylol, which may bo purified by pressure between bibulous paper, and repeated 
crystallisation from alcohol, 

Acctosalicylol is motameric with coumaric acid, CTPOMI.O, and acetobenzoic 
anhydride, (PIPO.l^IPO.O. It is insoluble in water, slightly soluble in ether and in 
cold alcohol, more freely in boiling alcohol, from which' it separates almost completely 
in slender needles. 

Aniso salicylol) C’ s H w 0 4 = C 7 H 5 .(C ft II 7 0 2 )0 2 , is produced by treating Balicylol 
with chloride of anisyl. (Chi hours.) 

Bcnsosalicylol , C H H ,0 0 3 = C 7 IP0 2 ,C 7 IF0. Bcnsosalicyl , Parasalicyl. (Eft- 
ling, Ann. Ch. Pharm. liii. 77. — Cahours, ibid, lxxviii. 228; cviii. 312.)— This 
compound, metamoric with benzoic anhydride, (C 7 1P0)*0, and oreoselone* is produced: 
1. Ily the dry distillation of cupric salicylite. On treating the oily distillate, from 
which crystals have already separated, with potash- ley, the benzosalicylol remains 
undissolved, and maybe crystallised from warm alcohol or ether (Ettling). — 2. By 
the action of benzoic chloride on salicylol. (Cahours.) * 

Benzosalicylol crystallises in obliquely bevelled triclinic’ prisms melting at 127°, and 
forming a pale-yellow liquid, which solidifies to a radiate mass at 98°. At 180° 
it sublimes in long needles, undccomposed, and without previous ebullition. It is 
insoluble in water, but, dissolves easily in alcohol and ether; also, without decomposi- 
tion, in gently-warmed sulphuric acid. Hot strong nitric acid dissolves it with evolution 
of nitrous vapours, and formation of picric acid. With chlorine or bromine in sunshine 
it forms crystalline products. 

Cu mo sal icy lo l, C ,7 H'*q* = C 7 IP.(C ,0 H"O)O 2 . Cumosdticyl.— Produced by 
treating salicylol with chloride of cumyl. Crystallises in colourless prisms, resem- 
bling toluosalieylol. (Cahours.) 

Succinosalicylol . — Salicylol treated with chloride of succinyl yields ft compound 
which crystallises in colourless needles. 

Tolnosalicylol , C l5 H ,7 0 3 - C 7 H s (C*H 7 0)0V Toluosalicyl— Prepared by heating 
together equal volumes of salicylol and toluylic chloride, pressing the resulting 
brownish mass between bibulous paper, treating it with hot potash-ley and then 
with water, and crystallising from strong alcohol. It forms shining, colourless, 
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friuble, easily fusible prisms, insoluble in cold water, slightly soluble in boiling water 
and in cold alcohol, more easily in hot alcohol and in ether. It is not decomposed by 
distillation with hydrate of potassium. Forms crystallisable substitution-products 
with chlorine, bromine, and fuming nitric acid. (Cahours, Ann. Ch. Pharm eviii 
312.) 

Bromoaallcylol*. Monobromosalicylol C 7 H s Br0 2 BromosaHcylous Acid, 
(ho wig, Pogg. Ann. xxxvi. 383.— Pi-ria, Aim. Ch. Phys. [3] lxix. 281.— Heerloin] 
J. pr. Chem. xxxii. 66.) — Produced by adding bromine -water, not in excess, to an 
alcoholic solution of salicylol, and separates, on addition of water to the liquid, in small 
colourless needles. It is less fusible than the corresponding chlorine-compound, 
sublimable, and distils over with vapour of water. It dissolves in Mali#, yielding 
metallic bromosalieylites. 

Bromosalicylol forms, with the acid sulphites of the alkali-metals , cry stall i no 
compounds, which are decomposed by prolonged boiling, or by heating with acids. 
The potassium-salt crystallises in small, colourless, shining needles ; the sodium-salt in 
interlaced needles. 

JHbromo salicylol, C'lPBi^O 2 . — Obtained by treating salicylol with ^excess of 
bromine-water. It forms long yellowish needles, insoluble in water, soluble in alcohol 
and in ether. With potash it yields potassic dibromosalicylite ; sulphydric acid 
converts it into the sulphydrate of sulphodibromosalicylol. (Heerlein.) 

Chloronalicylols. MonocJdorosalicylol , C 7 H a C10 2 . Chlorosalicylous Acid. 
(Lo wig, Piria, loc. cit.) — Salicylol is strongly attacked by chlorine; and if, after the 
evolution of hydrochloric acid has ceased, a current of dry air bo passed through the 
liquid, chlorosalicylol remains its a yellow crystalline body, which dissolves in boiling 
alcohol, and crystallises on cooling in colourless, nacreous, rectangular plates. It has 
an unpleasant odour and burning peppery taste; melts when heated, and sublimes in 
long snow-white needles ; it is inflammable, and burns with a green flame. It is 
insoluble in water , but soluble in alcohol and ether. It dissolves in strong sulphuric 
acid with yellow colour, and is precipitated from the solution by water. With 
ammonia it forms hydroclilorosalicylamide, C^H^CPNW =■ 3C T IPC10 2 + 2 NIP — 

3 IPO (hi. 219), 

Chlorosalicylol dissolves easily in alkalis, forming metallic chlorosalicylites. 
Tho potassium-salt crystallises in radiate groups of red srales. Its solution treated 
with chloride of barium, yields barytic cklorosalicylite , C 1 TPBa'CPOMPO, in the form 
of a yellow crystalline powder. 

Chlorosalicylol dissolves easily also in the acid sulphites of the alkali-metals, 
forming crystalline compounds. 

Bichlorosalicylol , C 7 IPC1 2 0 2 ? is produced, according to Lowig, by tho pro- 
longed action of ehlorino on salicylol. On removing tho excess of chlorine by exact 
saturation with ammonia, agitating the liquid w’ith ether, and evaporating the ethereal 
solution, a soft red body remains, having a pungent odour, melting at 25°, and form- 
ing red salts with the alkalis and alkaline earths. It gave by analysis 39'8 per cent, 
carbon, 2‘4 hydrogen, and 37'1 chlorinp, whence Lowig supposes it to bo diehloro- 
salieylol, the formula of which requires 44 0 per cent carbon, 2d hydrogen, 37*1 
chlorine, and 2(1*7 oxygon ; but it evidently requires farther examination. 

Cyanosallcylol, OTPNO* *=> C 7 H 4 (CN)0 2 . — This compound, metSmeric with 
isatin, is produced by the action of bromide of cyanogen,' dissolved in absolute alcohol, 
on salicylite of potassium. JBromidn of potassium then separates, and the alcoholic 
solution yields by evaporation yellowish crystalline scales of cyan osalicylol^ which is a 
weak base capable of uniting with acids. (Cahours, Ann. Ch. Pharm. eviii. 322.) 

Zo d os alley lot, C 7 H 4 I0 2 ? — Iodine dissolves in salicylol without alteration ; but 
by distilling a mixture of potassic iodide and chlorosalicylol, chloride of potassium 
is obtained, together with a brown sublimate analogous in properties to chlorosalicylol. 
(Lowig.) 

mtrosalieytol, C , H 5 N0 < = C ? H a (N0 2 )0 5 . Nitrosalicylous Acid . Spiroyltc Acid. 
(Lowig, loc. cit.) — Prepared by treating salicylol, at a gentte heat, with moderately 
strong nitric acid. It crystallises in transparent yellow prisms, slightly soluble in 
water, very soluble in alcohol and in ether ; its solution imparts a persistent yellow 
stain to the skin. It melts when heated, and solidifies to a crystalline mass on cooling ; 
sublimes partially at a higher temperature. ' 

Nitroealicylol dissolves easily in alkalis, forming crystallisable salts. When 
saturated with ammonia, it forms a blood-red liquid, leaving, on evaporation, a yellow 
residue, from which potash eliminates ammonia, even in the cold. The solution 
of the sodium-sa.t forms a yellow precipitate with lead-salts, a green precipitate with 
cupric salts , and imparts to ferric chloride a deep cherry colour. These salts explode 
when heated. 
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Nitroealicylol unites with acid sulphites of alkali-metals. The ammonium-salt does 

not appear to crystallise. The potassium-salt is more soluble than the sodium-salt. 

The sodium- salty obtained by dissolving nitrosalicylol in a warm solution of acid- 
sulphite of sodium, crystallises on cooling in golden-yellow interlaced needles, 
soluble in water, insoluble in alcohol. 

Sulpbottrtioylol, OTOS. Thiosalwol. (Cahours, Compfc. rend. xxv. 458.) 
—This body, which has the composition of salicylol in which half the oxygen 
is replaced by sulphur, is produced by the action of sulphydric acid on hydro- 
salicylamide in alcoholic solution. It is a pulverulent substance, which forms salts 
with the alkalis, and colours ferric salts violet-red. 

Bromosidphasalicylol, C 7 IPBrOS, is obtained by the action of sulphydrate of 

ammonium on bromosalicyloJ, as a brown resinous substance, soluble in potash. 

When sulphydric acid gas is passed into an alcoholic solution of dibromoaalicylol, 
and water is thus added, a resinous body is precipitated, consisting cf sulnhydrafco 
of dibromosuipliosalicylol, C T H 4 Br 2 SO.IPS. 


BAXICnUBZC aczd. C°H r N 0 4 


(Bertagnini,/Z IVmo- 


SAXJCTX-SUXPHtmxc ACID. C 7 H«SO«. Syn. with Sulphosalicylic Acid’ 

H 3 ) 

(C 7 H 4 0)" 

(C # H 3 0)" 

H J 

vo Ctmento , i. 363.)— This acid, related to salicylic acid in the same manner as hip- 
puric to benzoic acid (iii. 150), is found in the urine after salicylic acid has been 
swallowed. To prepare it, the acid urino voided after taking salicylic acid is evapora- 
ted down to 12° Bin., acidulated with hydrochloric acid, shaken up with ether, and tho 
ether is distilled from the ethereal solution. The residue yields, by spontaneous 
evaporation, largo ciystalline nodules, which, when freed from tho mother-liquor by 
pressure, dissolved in boiling water, and treated with animal charcoal, yield a crystai- 
hno mass, consisting for the most part of slender needles, mixed with larger needles of 
salicylic acid. On heating this mixture in a current of air to between 140° and 150°, 
the salicylic acid volatilises ; and the residue, crystallised from hot water containing 
animal charcoal, yields pure salicyluric acid. 

This body crystallises in slender, shining, crystalline noodles, which when 
obtained from tho uqueous solution arc grouped concentrically. It lias a somowhat 
bitter tasto, and a strong acid reaction ; melts at about 160°, and solidifies in the crys- 
talline form. It dissolves easily in boiling water and in alcohol, less easily in cold 
water and in ether. The solutions colour ferric salts violet, like salicylic acid. 

Decompositions . — 1. Between 100° and 170°, the acid turns brown, and begins to 
decompose, yielding a sublimate of salicylic acid. At a stronger heat, it swells up and 
gives off ammonia, loaving a residuo of charcoal.— 2. When boiled with excess of 
baryta-water, it does not form any salicylate of barium ; a small quantity of ammonia 
is, however, given off. — 3. Heated for a short timo with fuming hydrochloric acid, it 
dissolves, and crystallises out again unaltered ; but if the boiling be continued for two 
or three hours, the acid is resolved into salicylic acid and glycoeine: 

H* \ 

)"U + H’O - (cmyn 


.(C 7 II<0)" 
{C 2 H*Q)‘' o a 
H 


H a 


H* 

(C 2 II 2 0)' 

H 


1* 


4 . When it is boiled with water and peroxide of lead, tho latter is decolorised; and 
on boiling the solution, small shining needles separate out. 

Salicyluratos. — Tho acid decomposes carbonates. Its salts crystallise easily. 

The barium-sat t is obtained by dissolving carbonate of barium in the warm acid. 
As the solution cools tlie salt crystallises in large hard prisms, which become opaque 
hcatod, then melt and decompose, giving off ammonia and an 
■ H f * I'k? phenol, and leaving a residue of barytic carbonate. The salt 
is sparingly soluble m cold water. 

MluHonon'^ir" - W’;™ carbonate of calcium is dissolved in the aqueous acid, the 
solution on cooling yields aggregated needles, which sre sparingly soluble in cold water, 

to?he w 1 anl aleoho, :r A - When milk oflimo is ad.led by suLssive small portion 
* Jr™ q oil . s ac 1 ld » ft ? ol ution is at first obtained, which suddenly solidifies to 
a crystalline mass, insoluble hi boiling water. " 


C’H«0=, probably - ( C7 H*)’ 

lvi. S3; lxxxi. 245.— Bei lstein and Seelhoim 


A r J rv . ^euioim, ima. cxvu. 83. — Gin. xii. 233 

A compound produced from salicin by the action of ocids and of emuUin (Birin): 


|o».— (Piria, Ann. Ch. Pham. 

ibid, cxvii. 83. — Gin. xii. 233.) — 
■* « • .... . . * 
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C l *H ia O* 

* Salicin. 


H*0 


CH^O 1 + O»H«0«. 

Baltgentn. Glucose. 

Also firom aalicyloU C|H*0* by the action of sodium-amalgam in prescnee of water 
(Keinecke and Beilstem, Aim. Ch. Pharm. cxxviii. 179.) y 

Preparation.--!. An aqueous solution of salicin, acidulated with sulphuric or hydro- 
chloric acid, is heated till it just boils up ; the liquid is then saturated with chalk, and 
the filtrate shaken with ether, which takes up. the saligonin. A considerable quantity 
of saliretin is always formed at the same time. — 2. When 60 pts. of finely pulverised 
salicin suspended in 600 pts. of water are shaken up with 3 pts. of cimilsin (ii. 48(5), 
and heated in lukewarm water to a temperature not exceeding 40°, the salicin dis- 
solves, being decomposed in the course of 24 hours into glucose and saligenin. When 
no moro than the prescribed quantity of water -is employed, part of the saligonin 
crystallises out ; and if the liquid be then twice shaken up with an equal bulk of ether, 
and the ethereal liquid evaporated over the water-bath, the residue solidifies in a white 
mass composed of pearly laminae, which may be pressed between paper, and repeatedly 
crystallised from boiling water (Piri a), j&eilstein and Seelheim purify it by recrys- 
tallisation from benzene. 


Properties . — Saligonin ciystallises in white rhombic tables having a pearly lustre, 
or in small colourless rhombohedrons. By spontaneous evaporation of the aqueous so- 
lution, there is -formed a white opaque mass, composed of microscopic, shining, irides- 
cent laminas (Piria). Specific gravity — 1TG13 at 26° (Beilstein and Seelheim). 
Saligenin is unctuous to the touch. In vacuo over oil of vitriol, it does not give off 
water, but partly volatilises, in consequenco of which tho oil of vitriol becomes covered 
with a crimson crust. — It melts when heated, forming a colourless transparent liquid, 
which solidifies to a crystalline crust at 82°. When heated for some time to 100°, it 
yields a sublimate of delicate, white, shining, iridescent lumime. — The aqueous solution 
imparts a bright indigo colour to ferric salts. (Pi ria.) 

Saligonin dissolves in 15 pts. of water at 22°, and in all proportions of boiling water; 
Easily also in alcohol and ether (Piria). One part of saligenin dissolves in 62*6 pts. 
of Imizene at 18°, and in a much smaller quantity at the boiling heat (Beilstein 
and Se elh oim). The solutions do not act on polarised light. It dissolves in ammonia , 
and appears to combine with potash. The aqueous solution does not precipitate the 
salts of barium, calcium, copper, neutral lead-acetato, mercuric chloride, nitrate of 
silver, or tartar-emetic. With basic acetate of lead, it forms a scanty precipitate, of 
variable composition. It imparts to ferric salts a bright indigo colour, which is quickly 
destroyed by beat, or by the action of chlorine or acids. Tho alcoholic and ethereal 
solutions do not exhibit this colouring. 

Decompositions . — 1. Saligenin heated above 100° gives off aqueous vapour and sali- 
cylol. Between 140° and 150°, it becomes very viscid, and solidifies on cooling to 
a mass, which is less crystalline the more strongly it has been heated; and at length 
there is formed an amber-coloured translucent resin having tho properties of saliretin. 
— 2. Exposed to the air in contact with platinum-Rack , it is quickly converted into 
salioylol ; at higher temperatures the same conversion is produced by mere contact 
with the air, or by chromic acid, oxide of silver , &c., without tho formation of any other 
organic substance or of carbonic anhydride : 

C’H’O* + O - C’lPO* + IPO. 


Mercuric oxide does not act upon saligonin. — When saligonin is heated with sulphuric 
acid and peroxide of manganese, carbonic anhydride* and formic acid aro produced, 
without a trace of salicylol.— 3. Chlorine gas acts violently on dry saligonin, giving 
off hydrochloric acid and forming a yellow rosin, which gradually turns red, and ulti- 
mately solidifies to a mass composc-d of small crystals, which inelt and torn red when 
exposed to the further action of chlorine. Bromine acts in a similar manner. — The 
chief product fonhed by the action of chlorine gas on a concentrated aqueous solution 
of saligenin, is trichlorophenic acid (iv. 392). — 4. With iodine and phosphorus saligenin 
forms a brown liquid, which appears to contain C’lPO.IH, but is very unstable (Lim- 
pricht), — 6. Saligenin heated With dilute acids , is resolved into saliretin and water: 
C’lPO 3 = C’JPO + IPO. — 6. Strong sulphuric acid colours saligenin deep red, 
like salicin. — 7. Strong nitric acid dissolves it, wifh evolution of nitrous vapours and 
curbonic anhydride, and formation of picric acid. Dilute nitric acid converts it into 
salicylol, partly also into yellow crystals of nitrosalicylol (p. 172). — 8. Saligenin is not 
perceptibly altered b y potash-ley at ordinary temperatures, but appears to unite with 
it. When heated with solid potassic hydrate , it gives off hydrogen, and forms salicylate 
of potassium : 

CTH-O* + KHO - C 7 H‘K.O* + 2H* 


9. Sodium acts upon saligenin dissolved in pure ether, with evolution of hydrogen, and 
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formation of & precipitate, consisting o&the m^ium^ooipqnnd A solution 

of oaJigenin in benzene reacts with sodium in a : nifiifaf banner, excepting that the 
precipitate formed is not of constant composition (3eilstein s^i Seelheihi).^r- 
10. Pentachloride of phosphorus converts saligenin ; intQ^satyretin, with evolution of 
hydrochloric acid and phosphoric oxychloride (5 ei Istein And Seel h eim) : • 

C 7 H g 0 2 + PCI* = 2HC1 + POC1* + C 7 H*0. 

—11. Saligenin is also converted into saliretin by heating to 1 OO^ With acetic anhydride 
and ethor; also when hydrochloric acid gas is passed into a solution of, saligenin in 
glacial acetic acid (13 ei Istein and Seelheim). — 12. Saligenin is attacked by chloride 
of benzoyl, with evolution of hydrochloric acid, and formation of a compound containing 
C 7 H r (C 7 ll*0)0 2 , apparently analogous to the compound ethers. (Limpricht.) 

Chlorosaligenins. These compounds are produced by the action of emulsin on 
the corresponding chlorosalicins (p. 149). They are all, like saligenin itself, converted 
into resinous matters by contact with acids. 

Mojtochlorosatigcuin , 0 7 H 7 C10 2 , crystallises from hot water in pure colourless 
rhomboidal plates, exactly like saligenin. It dissolves in water, alcohol, and ether, 
turns ferric salts blue, and is changed into a resin (? chlorosalirctin ), under the influ- 
ence of acids. (Piria.) 

Dichlorosaligenin , C 7 H 6 Cl*O a , and Perchlorosaligenin, C*H*C1 3 0 3 , are produced in 
like manner from di- and pcr-chlorosalicin, but only in very email quantities. 
(Piria.) 

BALXOITCZC ACID. Syn. with Salicyluric Acid. 

SAX.XRETX2ir. C 7 H e O. (Piria, Ann. Ch. Pharm. xxx. 178, 189; Ivi. 46.— 
Gerhard t, Aun. Oil. Phys. [3] vii. 215.) — This body, which differs from saligenin 
by the elements of 1 at. water, is produced by the action of dilute acids on saligenin, 
or on salicin, glucose being also formed in the latter case. The transformation is 
effected by the greater number of acids, even in very dilute solution, provided the 
liquid lie heated to the boiling-point. The saliretin then rises to the surface in the 
form of a resinous body, generally yellowish, sometimes quite white. In general, the 
more dilute the acid (sulphuric or hydrochloric) employed, the purer is the product 
obtained. It may be further purified by solution in alcohol and precipitation with 
water. According to Piria, 100 pts. saligenin treated with dilute hydrochloric acid, 
and heated to between 120° ana 130°, lose 15-39 per cent, water (calc. 14 52 per. 
cent.), 

Saliretin is insoluble in water and .ammonia, but soluble in alcohol, ether, and 
strong acetic acid, and is precipitated from these solutions by water. Potash and 
soda Likewise dissolve it, and the solutions are not precipitated by water ; but ucids 
(even carbonic acid) separate the saliretin in the form of a white gelatinous pulp. 
Sulphuric acid colours saliretin blood-red. Strong nitric acid converts it at the boiling 
heat into picric acid, without formation of oxalic acid. I3y dry distillation it yields 
phenol, water, and a copious residue of charcoal. 

8A&ISBUSXA. The fruit of Salishuria ad ianti folia (or Gingko biloba) contains, 
besides gum, sugar, pectin, citric acid, butyric acid, &c., 9 per cent, of a fatty oil 
which is extracted from it by ether. This oil is yellow, has an acid reaction, solidifies 
in the crystalline state at 0°, contains a fatty acid, C 24 H ,8 0*, melting at 35°, and 
called by Scliwarzenbach (Jahresb. 1857, p. 529), gingkoic acid. — The fleshy 
part of the fruit contains 74 6 per cent, water, 24*3 dry organic matter, and IT ash. 

8ALXTB. Syn, with Sahlitb. 

8A1XTBOL Syn. with Etiiylic Phenate or Phejtotol (ir. 391). 

SALIVA. (Loll mann, Lehrb. ii. 9. — Gorup-Besanez, Lehrb, 433. — 

B i d d er u. S c h m i d t, Verdauungssafte , p. 1 . — B e r n a rd, Lemons Phys . Exp . 1856, 
vol.ii. — B. JBckhard, Ileitrage, ii. 205. — Ordenstein, ibid. p. 101. — Oehl, Saliva 
umana, 1864.— Kiih ne, Lehrb. Phys. Chem. p. 1.) 

. Several organs — -viz., the parotid, submaxillary, sublingual, and, buccal glands — pour 
into the mouth thoir respective secretions, which, mixed together, form what is called 
mixed saliva, or briefly saliva. 

Parotid Saliva, or the secretion of the parotid gland, may readily be obtained by 
canalization ot the Stensonian duct. The quantity secreted by one gland, in man, has 
been estimated, for the 24 hours, at 1*4 grin, per kilo of body-weight (Oehl). The 
first drops, obtained after introducing the tube, are turbid and acid, probably from 
decomposing epithelium ; the secretion afterwards flows clear and alkaline. On 
standing, it becomes turbid, with deposition of carbonate of calcium, probably owing to 
.escape of carbonic acid. Oehl states that the fluid, as it escapes from the tube, is 
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often add, tm/tj/Mj witi?P theaabject it fasting; he also maintains, that transpaaenev 

a neutral saliva bein* always turbi 1, 
even ms ifc flows flptfta&the tube. . Thereare no special* morphotic constituents. Specific 
gravity (man) 1’0031— 1*0043 ; solid residue, *371-— *616 per cent. Bidder and 
Schmidt found, in thd flog, in 1000 pta* water, 995*3, solids 4*7, of which organic 
matters 1*4, salts 3*3 (potasaric and iodic chlorides 2*1> calcic carbonate 1*2). Parotid 
saliva is free from mucin, contains p very small quantity of globulin, and a larger but 
still small amount of albumin. In the horse, Bernard found a material separable by 
saturation with magnesian sulphate ( ? globulin). In man, sulphoeyanate of potassium 
is invariably (?) found (to the extent of ’03 per cent.) (Oehl). Bromides and iodides 
pass readily from tbe blood into saliva, apparently being substituted for the chlorides, 
which are proportionately lessened. 

Submaxillary Saliva f which flows into the mouth through the Whartonian duct, is a 
generally transparent, but sometimes turbid, and always more or less viscid fluid, of 
distinct alkaline reaction, and of very variable specific gravity. Bidder and 
Schmidt found in the dog, in 1000 pts. — water, 991*45; solids, 8*55: of which 
organic matters 2*89, salts 5*66 (potassic and sodic chlorides 4*50, calcic and magnesian 
carbonates and phosphates 1*16). When obtained by canalization, it is limpid as 
it flows from tho tube, but almost immediately becomes viscid. Besides mucin, to 
which constituent the viscidity is due, it contains a small quantity of globulin and of 
albumin. In man, according to Oehl, it gives faintly tho reactions of sulphoeyanate 
of potassium. 

The submaxillary gland is subject to the influence of different systems of nerves, 
and tho quality of the secretion depends on tho kind and degree of nervous action sot 
going. Excitation of the chorda tympanic and excitation of the sympathetic nerve 
belonging to the gland, produce two distinct kinds of saliva. The chorda-saliva is 
transparent, distinctly alkaline, free from morphotic constituents, moderately viscid, of 
specific gravity 1*0039 — 1*00«5G, and yields 1*2 — 1*4 per cent, solid residue. Tho sym- 
pathetic' saliva is always turbid or opaque, extremely viscid, and contains poculiar 
gelatinous microscopical masses, of variable size. There are also other varieties of 
submaxillary saliva, which have not as yet been closely Btudied. 

Sublingual Saliva is alkaline, exceedingly viscid, with a solid residue of 9*98 por 
cent., and. contains sulphoeyanate of potassium. 

Buccal Saliva , or Oral Mucus , obtained by ligaturing the ducts of all tho other 
salivary glands, is very viscid, and abounds in morphotic constituents — viz. epithelium, 
with mucus, and the so-called salivary corpuscles. Iu 1000 pts. Bidder and 
Schmidt found 9 98 solid residue, of which organic matters* 3*84, inorganic matters 
6*13. 

Mixed Saliva varies in its qualities, according as one or other of its component secro- 
tions preponderates. It is generally alkaline, but sometimes acid, probably from 
acid fermentation of saccharine aliment retained in the cavities and folds of tho 
mouth. Tho total quantity secreted in tile 24 hours varies exceedingly ; Bidder and 
Schmidt calculate it, for man, at 1400 grms. ; Lehmann at 473 grms. 


Uses of Saliva . — By virtue of its fluidity and viscidity, saliva is of great Assistance in 
mastication and deglutition. Animals, when the ducts of the salivary glands are 
ligatured, chew and swallow with groat difficulty. 

When raw starch is oxposed at 36° to human saliva, frequently renewed, the starch- 
granulose is after a while dissolve*!, and finally converted into dextrin and sugar. 
Boiled starch treated in the same way is almost instantaneously converted into dextrin 
and sugar. 

Inman, parotid and submaxillary saliva, or infusions of tho respective glands, 
possess equally with mixed saliva this power over starch. In tho dog, the sympathetic 
submaxillary saliva alone acts on starch, and that very feebly (Kiihnc). In the pi^, 
rabbit, and guinea-pig, infusions of the salivary glands, and probably also tneir 
secretions, are as energetic as in man. In tho horse, the ox, the sheep, and the 
cat, the secretions and glandular infusions are entirely or almost entirely inactive. In 
man tbe change effected by saliva on boiled starch is sufficiently rapid to allow of a' 
considerable production of sugar during tbe act of mastication. But it is evident that 
in many animals the saliva can have no such function. 

• Ptyalin . — This action of saliva on starch is not due to the morphotic elements, to 

mucus, to the globulin, or to the other albuminoid constituents, but seems to belong to 
a special “active principle” or “ferment,” for which the name ptyalin maybe profitably 
reserved. If saliva be treated, first with dilute phosphoric acid, and then with lime- 
water, the bulky precipitate of phosphate of calcium carries down with it the greater 
part of the fermOnt, together with albumin. If the separated deposit be agitated with 
distilled water, it gives up the ferment but not the albumin : lienee by filtration a 
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dear liquid is obtained, acting powerfully on starch, but free from albumin. From this 
the ferment may be precipitated by alcohol, forming, when carefully dried,, an amor- 
phous powder (mixed with phosphates), containing nitrogen, but not exhibiting the 
xanthoproteic reaction. (Cohnheim.) 

Ptyalin is most active in a neutral or faintly alkaline solution ; the addition of an 
acid, or an alkali, first delays, then arrests, and finally destroys its action. It is most 
active at a temperature of about 35°; its properties are wholly destroyed when its 
solution is boiled. The presence of an excess of glucose hinders its action. 

M.F. 

IAL£OV-TBORN| or SEA-SUCSTBORITi Ifippophas rhamnoides (iii. 
155). 

8ALMIAC. Syn. with Sal-ammoniac, or Chloride of Ammonium. 

SA lM OWfIC ACID. Salmsdure. Lackssaure . — A reddish fatty acid, existing, 
according to Fr hmy and Valenciennes (J. Pharm. [3] xxviii. 401), in the reddish 
muscles of various species of salmon, most abundantly in Salmo salmo and S. kar- 
ma tus. 

SAXSAPASILLIW, or SALSEPASnr. 83m. with Sarsaparilun. 

BALBOLA. A gonus of chonopodiacoous plants, growing on the seashore, and 
generally on soils rich in common salt. They yield a large quantity of ash, chiefly 
consisting of sodic carbonate, on which account several species ( Sal sol a Kali , S, 
Soda, &c\) are cultivated for the preparation of natural soda, or barilla. Sal sol a Soda 
is cultivated for this purpose chiefly in Spain, near Alicante. 

The ashes'of several species of salsola from the Kirghis Steppe, have been analysed 
by Go hoi ( Heisc in die Steppcn des mdlichm filmlands, Dorp. 1837 and 1838; 
Jfanrlw. d. Cfom. vii. 204). The young plants of Salsola hrachiata, air-dried, yielded 30 
percent, ash, of which 63*5 per cent, was soluble in water; older plants gave only 18 per 
cent, ush, containing 03*5 per cent, of soluble salts. Young plants of S. claviata gave 
42 percent, ash, of which 74 per cent, was soluble; young plants of S. lanata gave 
19*0 per cent., of which 38 per cent, was soluble in water. Old plants of S '. laricina 
gave 7 0 per cent, ash, containing 44*5 per cent, of soluble salts ; old plants of S. ta - 
mariscina 9*3 per cent, ash, containing 45 per cent, soluble salts. 


Composition of the Ash of various Species of Salsola, 
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49*2 

59*5 

68*6 

66*1 

64*6 

34*9 

38*4 

42*8 


BAXiT. Sodic chloride, sea-salt, or common salt , the substance which is always 
denoted when the word “ salt ’’ (Gr. Sm, Lat. sal, Fr. set. Germ. Sate) is used without 
■jnnlincatmn in ordinary lungiiago, was doubtless the first body to which this name was 
givtui. The word salt, itself, in its Greek form, sufficiently establishes fact,— dAs 

. jn the feminine being used for the sea, and *Ar in the masculine for the solid product 
left when sea-water evaporates. In endeavouring to trace some of the most im- 
portant of the steps by which this word, from having been the specific name of a par- 
tumlar Bubstance, bus come to bo used as a generic term of wider application than any 
other 1 n the whole vocabulary of chemistry, we find that the first extension of its meaning* 
was in connection with the leading idea which the etymology of the word shows to have 
bool } J , V tach f d to lt f«>n* the beginning. This idea evidently was very nearly what 
would have been expressed, in the language of a later time, by saying that sea-salt was 
he essence, or essential principle, of sea-water. Accordingly, when it was observed 
that other wateiy liquids yielded underthe same condition? as sea-water, a solid sub- 
stance, not very unlike sea-salt in appearance, the name salt was applied to these 
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substances also. Thus, according to Kopp ( Geschlchte der CKemic % Hi, 2), Aristotle 
calls the residue deposited on cooling' by the evaporated lixivium of wood-ashes, salt, 
and Dioscorides and Pliny enumerate as one of the kinds of salt, mild fixed alkali; 
some other allied substances also bore the same name. But, as Kopp very judiciously 
points out, this extension of the name salt to other bodies than that to which it was 
first applied, indicated ignorance of the real differences of these bodies, rather than any 
clear perception of analogies among substances recognised as distinct. The use of the 
term was, however, such as to show, clearly enough, that the notion which it originally 
conveyed was that of a soluble solid substance produced from a watery liquid by 
evaporation. 

This original idea of solubility, as the most characteristic property of saline or salt- 
like substances, retained its ground down to the times of t lie alchemists ; but, as the 
different . bodies to which the common name of salt was applied came to be more accu- 
rately distinguished from each other, it became necessary to adopt for them distinctive 
appellations; and thus in the writings of Albertus Magnus, Itaymund Lully, and 
their contemporaries of the thirteenth century, occur such specific names us sal marl- 
nun, sal petra or sal nitri, sal ammoniacum , sal vcr/ctubi/c (potashes), &c. All the 
substances denoted by these names have boon over since classed as salts: butt hut the 
ideas attached to the word salt, at the period referred to, were very vague and indefinite, 
is shown by the fact that all the then known metallic salts, a class of compounds which 
possess, in as marked a degree as any, the characters now recognised as saline, wero 
denied the name of salts by Basil Valentine (in the latter part of the fifteenth 
century), and classed together as vitriols. There can bo no doubt, however, that this 
arbitrary distinction, as it seems to us, between metallic salts and other salts, was in 
harmony with the chemical ideas generally prevailing at. the time. Lor the alchemists, 
the main problem presented by chemistry wus the study of the metals, just as for Lavoisier 
and hia school it was combustion, and for Berzelius it was the quantitative composition 
of mineral salts as illustrating the doctrine of definite proportions. Hence it is not 
surprising that substances either produced from metals, or from which metals could 
be obtained, should have been regarded by the alchemists as of an essentially different 
nature, and, so to speak, as possessing a higher rank than the substances known to 
them as salts . Accordingly, this separation was generally maintained as long as alche- 
my held its ground, but was abandoned as wid^r views grew up iu the science ; and 
even during the alchemical period it was not recognised by those chemists who were 
not alchemists. Thus Bernard Pali ssy, iu a tract, “ Ihs Sds divers ft du Set. com- 
‘nun ” published in 1580, classed together as salts, common salt, saltpetre, the vitriols, 
alum, borax, sugar, corrosive sublimate, tartar, and sal-ammoniac. (Seo Life of 
Bernard Pali ssy of Saintes, by Henry Morley. London, 1855, pp. DC, 97.) 

The most important modification which the original idea of a s;ilt underwent, 
before the beginning of the eighteenth century, was that it implied a substance not 
only possessed of solubility, but capable of affecting the senso of taste. It is not dear 
at what period tho latter property began to be generally recognised as an essential 
character of salts, but it was commonly received as such in the sixteenth century. In 
making the possession of taste an essential quality of salts, chemists wero evidently led 
by the analogy of chloride of sodium, the original salt, whose remarkable flavouring 
power has been a chief cause of its common employment from the earliest ages. 
(“Can thut which is unsavoury be eaten without salt?” — Job vi. 6.) During all 
this period, therefore, all that seems to have been implied, when this or that particu- 
lar substance was called a salt, was that some undefined degree of resemblance in 
external qualities, especially in the two just mentioned, was perepived between it and 
common salt; and it is probable that the notion which underlay the application of the 
same name to these various compounds, was rather that of their being modifications 
of a single fundamental substance than radically distinct though analogous bodies. 

But during the latter part of the fifteenth, the whole of the sixteenth, and a great 
part of the seventeenth centuries, the term Balt was used not only in the sense that 
lias been explained, as a generic name for certain definite preparable substances, 
but also in a much more abstract sense, as the name of one of the supposed ultimate 
elements of all material things. 

Thus, according to Basil Valentine, all inorganic substances were made up of 
salt, sulphur, and mercury; and Paracelsus (in the early part of the sixteenth cen- 
tury) declared that the same three substances were the elements of all bodies, organic 
ns well as inorganic — a doctrine which was adopted by a great many succeeding 
chemists.' And until the rise of analytical chemistry, and the foundation of the 
modern views of the nature of the chemical elements by Boyle in the latter part of 
the seventeenth century, salt was almost always enumerated as one of the elements, 
although opinions varied considerably as to the others. 

In order to understand this use of the word salt, it is needful to remember that the 
Vol. V. N 
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idea of an 4 * element," ut the period we are referring to, was very different from that 
which is expressed by the same word now. It had much less reference to composition, 
as now understood, than to what wore supposed to bo the intrinsic and fundamental 
jfroperties of material bodies. The principles recognised as elementary by the chemists 
of that age, differed both in name and in attributes from the elements admitted by the 
Greeks ; nevertheless, the notion of an element was still essentially of the same quality 
ns that acted upon by Aristotle, whon he selected as elements Tire, Water, Air, and 
Earth, on the ground that they appeared to him the most distinct embodiments of Heat 
and Cold, Dryness and Moisture, which he regarded as the fundamental qualities of 
matter. Accordingly, when we find salt spoken of as one of the elements, hnd as a 
constituent of all manner of substances — as it is, for instance, by Palissy in the 
treatise already referred to : *' I tell you further, that there is nothing in this world 
which has no salt in it, whether it be in man, the beast, the trees, plants, or other vegeta- 
tive things, or even in the very metals, &o.” — we are not to understand the statement as 
we should if it were made by a modern chemist, but should rather take it as implying 
that BiiUno properties (solubility and taste) wero supposed to belong in some degree to- 
ull substances. In particular, tho notion that salt was a constituent of the metals was 
clearly nothing more than the theoretical conception, in accordance with the general 
modes of thought prevailing at the time, which corresponded to the known fact that by 
various processes the metals could be actually transformed into salts ; for the conver- 
sion, say, of iron into green vitriol, was not then regarded as a process of combination 
of iron with other substances, but simply as a process in which iron waB modified in 
such a manner as to allow its previously latent saline qualities to be manifested. 

The name salt being applied to all substances which were soluble and possessed of 
taste, included some which differed greatly in other properties. Thus, in addition to 
neutral salts, it included tho acids and alkalis. As the properties of these two classes 
of bodies bocamo known, it was gradually recognised that they were in many respects 
antagonistic, and especially that, by their action upon each other, their distinguishing 
characters wore more or less completely obliterated, new and comparatively indifferent 
substances being generated. Thoso observations led to the subdivision of salts into 
throe classes, variously distinguished by different chemists. From about the year 
1700, the names by which the threo classes of salts were generally indicated wero 
salt a acuta, salia alcatma, and salia salsa , salia media , or salia veutra . 

The relation which had thus been already partially perceived between acids, alkalis, 
and neutral salts, was made by G. F. Itouelle, in 1744, the basis of a general theory 
of Balts, which closely approximated to that very generally adopted in quite recent times. 
Tho importance of the stop made by Ron ell e was such as to make it desirable to 
state his views in his own words. In the introduction to a paper on Salts in the 
Memoirs of the Academy of Sciences of Paris, for the above-mentioned yoar (Mem. 
Acad. Hoy. Sciences , 1744, p. 3*53), he says: “La pltipart des chymistes ne donuent le 
nom do sol noutro, rnoyon ou sal4, qu’a un tris-petit nombro dn sels; il y en a m5me 
eu qui u out donnA ce nom qu’au seul fartro vitriol^, demandant pour caractfsro do 
ces sels quo 1 acide et laicali qui les torment soient tcllcmcnt unis qu’ils rdsistent a 


~ ,y irois auires seis ioroies par JL u 

des trois acid os a un alcali volut.il, qui sont le sel ammoniacai secret do Glauber on lo 
sel ammoniacai vitriolique, lo sel ammoniacai ordinaire, ot le sel ammoniacai nitreux* 


- . , - , , , .< i — . v.wv,.. quelque 

acide que ce soit, ou mineral ou vegetal, avec un alcali fixe, un alcali volatil, une terro 
absorbante, une substance m6t alii que, ou une huile” And again, in another paper 
in 1754, he says, referring to tho ono already quoted: “ J’ai 6tendu le norabre 
de ces sels autant qu’il 6tait possible, on ddfinisaant g4n6riquement le sel neutre un sel 
forme par 1 union dun acide avec une substance quelconque, qui lui sert de base et Ini 
lonne uno forme concriMe ou solide.” (Mhn. Acad. Hoy. Sciences, 1754, pp. 673, 
574: see also Kopp Ocschiehte der Ckemie , iii. 68, 69.) Bouello was not the 
first to recognise that the combination of acids with alkalis gave rise to neutral salts: 
but, according to Kopp he was the first to declare formation by the union of acid ami 
base to bo the characteristic mark of neutral salts, and thus rested the idea of a ‘neutral 
salt upon chemical composition, instead of upon external properties 

As a consequence of the alteration which Rouelle introduced in the definition of 
salts, some substances which had previously been considered as belonging to it (for 

harnlZ!^} JXZ J ^ ^ others-namely insoluble salts, such as 

horn-silver and calomel -which had previously been excluded, were now included in 

it, and, moreover, an essential distinction was made between acids and alkalis cn the 
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one hand, and neutral salts on tho other. These views did not, however, immediately 
meet with universal acceptance. Solubility was still regarded by most chemists as an 
essential quality of salts. The idea which commonly prevailed ns to the nature of 
salts, ninety or a hundred years ago, may be gathered from the following extracts. In the 
fourteenth volume, published in 1765, of Diderot and D'Alembert's “ Encyclopedic/* 
is an article on Salts, commencing thus : “ Skl kt Sels.— O n comprend sous le 110 m do 
s*l trois esnfeees do substances ; lea acidcs, les alkalis, et leg srfc neutres; enr£unissant 
les proprietea communes k ces trois classes, on trouve que les sels sont dos corps 
solubles dans 1’eau, incombustibles par eux-mfimes, et savoureux ; il fuut bien se d&- 
fendre d'appeler sd tout cc qui se crystallise, dans quoi nous confondrions plusieurs 
corps tr&s-aiflf&rens entre eux.” In a Dkiiunnairc de Chymie (Macquer ’ r), published 
at Paris in 1766, salts are defined as follows: — “Les proprietea osson Helios de toute 
mature qu’on doit regarder comme saline, wont d’affecter le sens du gout, on d’avoir 
de la savour, d’etre dissoluble dans l’eau, et d’avoir ton tea les autres qualities priuci- 
pales, comme la posanteur, la fixity moyennes entre celles de l’eau, et colics de la tern* 
pure.” (Op.cit.ii. 412). A few years Liter, Bergman, in his Sciagraphia regni 
mineralis (§xx.), thus states the distinguishing marks of salts * — “ Sales audimit, qui 
in liuguA plus minus saporis excitant, et probe pulverati aqu& ebullionte, saltern 
* millies ponderosiore, solvi possuut. Igne liqnescunt et plerique mutant ur vel 
destruuntur.” In his Thoughts on a Natural System of Fossils, after characterising 
salts almost in the same words (§ xlvii.), ho points out (§ § xlviii. — L). that taste, depend- 
ing on the varying perceptions of individuals, is necessarily a vory uncertain criterion ; 
while solubility, being a property which admits of an infinite numbor of degrees, is 
hardly less so, unless defined by arbitrarily-chosen conditions. Bergman soems, 
however, to have perceived that the saline character was fundamentally a matter of 
composition, even to the extent of inferring solubility in tho case of substances which 
had not been proved experimentally to he soluble: thus, in §li. of the work last quoted, 
he says: — “ Vitriolated ponderous earth, commonly called sputum jxruderosum, 
aerated lime, fluoratod lime, impregnated with tho acid of the lapis pomhrosnm, are 
nil saline earths by the force of composition, and are evon without doubt soluble, 
though to what extent experience has not yet determined.” 

Suoh then were the prevalent opinions os to tho nature of salts, when Lavoisier, 
by his discovery of the important functions of oxygen, changed tho whole aspect of 
chemical science. Lavoisier’s own idoas on the subject of salts are thus exproHsed 
by him: — “Les substances acidifiables, en se combinant avec l'oxygfeno, et on so con- 
vertissant en acides, aequi^rent une grande tendance 4 la combinaison ; ellos deviennent 
suseoptibles de s’unir avec des substances terreuses et m4tailiqucg, ct e'est de cette 
reunion quo r^sultcnt les sels neutros. Les acides peuvent done fitro regardAs comme 
de vori tables principes salifians, et les substances auxquellos ils s'uniusont pour formor 
des sels neutres, comme des bases salifiables. . . . 

“ Cette mani&re d’onvisagor les acides ne me permet pas de les regarder comme des 
sols, quoiqu’ils aient quelques-unes de lours propri<St£s principales, tolle que la solubi- 
lity dans l’eau, etc. Les acides, comme je l*ai d6ja fait observer, result out d’un pre- 
mier ordro de combinaisons ; ils sont formas de la reunion cle deux principes simples, 
ou ail moms qui se comportent a la manure des principes simplos, et ils sont par con- 
sequent, pour me servir de l'exprcssion do Stahl, dans l'ordre des mixtes. Les sols 
neutres, au contraire, sont d’un autre ordre de combinaisons, ils sont formas de la rd- 
union do deux mixtes. ct ils rentront dans la classe des composes, Je ne rangerai pas 
non plus, par la m6me cause, les alkalis ni les substances terreuses, tolles quo la chaux 
la magndsie, etc., dans la classe des eels, et je ne ddsignerai par ce nom que des com- 
poses formds de la reunion d’une substance simple oxygenic avec une base quelconque.” 

{ I raite elemeniaire de Chimie , ed. 1789, vol.i. pp, 162-164). Although these views were 
in the main, with the exception of what related to the constitution of the acids, only 
a reiteration of those expressed forty years previously by Roue lie, they were felt bpr 
Lavoisier to be so little in harmony with contemporary opinion, that he thought it 
needful to add to the passage v»e have quoted the following apologetic foot-note:-— 
“ On rogardera peut-etre comme un ddfaut de la mdthode que j’ai adoptde, de m'avoir 
contrai nt k rejeter les alkalis de la classe des sels, et je conviena que e'est un reproche 
qu’on peut lui faire; mais cct inconvenient se troufe compensd par de si grands avan- 
tnges, que je n'ai pas cru qu'il dut m’arrdtcr.” 

In accordance with these views, the history of whose spread and adoption makes 
part of that of the antiphlogistic system in general, a salt was a combination of a 
highly-oxidised substance (an acid) with a base. The bases of the metallic salts were 
already known to be oxides, and the same was soon demonstrated, by Davy, to be 
true of the earths, alkaline earths, and fixed alkalis. Hence salts soon came to ha 
defined as compounds of electronegative oxides (acids), with electropositive oxides 
(bases), and all salts were consequently regarded as containing oxygen, Salta were, 

n 2 
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however, known in which the proas nee of oxygen could not be directly proved^ and 
amongst them was common salt itself. As a natural consequence, tho constitution of 
such bodies gave rise to much discussion. The application of Lavoisier’s doctrine to 
the chlorides, for instance, caused thorn to bo regarded as compounds of metallic 
oxides with muriatic acid, supposed to contain oxygen. This was the view, adopted by 
Gay-Lussac and ThAuard ( Memoir es d’Arcueil , ii. 357, 358 [1809]; and 
Jleckcrches pkt/sico-ch imiq ucs , ii. 155 — 176 [1811]) as the most probable conclusion 
that could be drawn from their investigations into tho nature of these compounds, and 
maintained by Berzelius until about the year 1820. (See his Lehrhueh dtr Ckemie , 
[first German edition, 1820, translated from the second Swedish editionlvol.i. especially, 
pp. 707 — 714 ; also Jahr caber icht, i. 40, [1821] ; ii. 60 — 62, 70 [1822] ; iii. 98 [1823].) 
Davy, on the other hand, who never adopted very fully Lavoisier's views, regarded 
the chlorides as compounds of the metals with a simple body, chlorine, comparing them 
to tho simple metallic oxides, and represented the salts known to contain oxygen as 
double oxides. Speaking of these substances, he says : " They are, in fact, all com- 
pounds of oxygon with double bases ; and when one fixed alkali, or earth, or oxide, 
separates another, it may be supposed that tho basis only is changed. Thus, where'’ 
hydrufc of potnssa separates lime from its nitric solution, it may be conceived that 
tho potassium only takes the place of the calcium, and that the oxygen and water of the . 
hydrat of potassa unite to this metal, and that the potassium unites to the oxygene, 
nitrous acid and wator of the solution.” {Elements of Chemical Philosophy [1812], 
p. 495.) 

The adoption of Davy's views ofthp constitution of the chlorides was greatly pro- 
moted by the discovery of iodine in 1811, and the investigation of it by himself and 
by Gay-Lussac in 1813—14, ono of the first consequences of which was that Gay- 
Lussac himself became convinced of the elementary nature of both iodine and 
chlorine. And important additional evidence, that oxygen was not essential *to the 
constitution of sails or acids, was afforded by Gay-Lussac’s discovery of cyanogen, 
and analysis of anhydrous prussic acid, in 1815. In consequence of these discoveries, 
a large number of chemists, it they did not adopt Davy’s views of the constitu- 
tion of Halts in general (for which see also tho article Acids, i. 41, 42), at least ad- 
mitted that, in addition to ordinary salts, which they regarded as formed by the union 
of (anhydrous) acids with metallic oxides, there was another class of salts — comprising 
the chlorides, iodides, sulphides, cyanides, and perhaps the fluorides — into whose com- 
position oxygen did not enter. Berzelius, however, held fast to Lavoisior’s 
definition of salts (“ Untcr Salz verstehen wir cine Vorbindung einer Sauromit eincm 
Alkali oincr Erdarfc, odor einern Metal loxid n : ” Lehrhueh , ed. 1820, i. 817), and 
consistently declared in consequence that, if the chlorides, &c. were constituted as 
represented by tho adherents of tho new theory, they could not be salts at all. 

( Duller ist das salzsauro Natron oder Kochsalz [welches durch seine Gcsehlechtsahn- 
liehkeit mit anderon Salzen Anlass gegeben hat, das Wort Salz als allgemeino 
Boneiinuug ties ganzon Salzgeschlechts zu gebrauchen], dor neuen Timor in gemass, koin 
Salz mohr. . •” — Op. cit. i. 7U— “ Dio sulzsauron Salze sind in dicser Theoric keine 


Salzo, z. B. Kochsulz ist nicht eino Vorbindung von Natrum mit einer Saure, sondern 
cum Vorbindung von Natrium mit Chlor ."—Jahresb. ii. 60.) Berzelius perceived, 

izrnnf- mnat nhAmlni. ™-C a: 1 . . * ... . . . * 



corresponding compounds of chlorine, on the supposition that both were oxidised i-um- 
pounds of unknown elements. (For his views of the chlorine-compounds, see i. 902. N 
ilio sulphides he did not admit into the catcgoryof salts at all; the cyanides, however" 
especially cyanide of mercury and prussiate of potash, could not be denied the pew- 
soHsion of distinctly saline properties. But even these substances were not regarded by 
him as affording conclusive evidence that true salts could exist without containing 
?™for, although it was certain that they contained, in addition to metal, nothing 
as it-a*Uf L ° n nn ^ llltro £ f ' l b the latter element was at this time regarded by Berzelius 
“W? with « n unknown radicle, nitrienm. Representing 
of ' 1, f 8u PP 0!,od radicle by A (~ 6), and one combining pro? 
l:^^ ,e ^ f J heoon8Ut utionof nitrogen andita oidea 


may be represented by the following formula : 

Nitrogen = fiO 

Nitrous oxide = RQi 

Nitric oxide a RQ* 


Nitrous acid (anhydrous) » 2?0* 

Nitric peroxide ■. 

Nitric acid (anhydrous) » jRO* 


Lehrhueh der Chemtt, ed. 1820, i. 225, 226; 491, 492; 613 -619 ; 806^ 
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•The circumstance which chiefly contributed to make Berzelius at last receive the 
so-called “chlonstie theory” was Faraday’s discovery, in 1821, of the sesquichlorMr, 
protochloride; and bichloride of carbon. It had been, from the first, one of Daw’s 
strongest arguments against the existence of oxygen in chlorine, and consequently* in 
the chlorides, that chlorine was not decomposed by carbon even at the highest tem- 
peratures. The opponents of his views declared that this experiment was inconclusive, 
tor chlorine could not be decomposed, under those circumstances, without t, ho formation 
of carbonic acid or oxide, and (hypothetically) anhydrous muriatic acid, to the formation 
of which there would bo no tendency unless these compounds were themselves capable 
of combining together, and they maintained that there was no evidence of the possibility 
of such a combination. The chlorides of carbon discovered by Faraduy were, however, 
precisely such compounds ; and, upon the old view of the constitution of chlorine, could 
not be otherwise represented than as combinations of (hypothetically) anhydrous 
muriatic acid, with anhydrous oxalic acid, carbonic oxide, and carbonic acid respec- 
tively. Such au interpretation of the nature of these substances seemed to Borzvli us 
so little in harmony with their properties, as to bo even less probable than the views 
as to the elementary character of chlorine and iodine, which he had hitherto opposed. 
He afterwards saw a confirmation of these views in the colour of ml prussiuto of 
potash, discovered in 1822 by Leopold G melin : in his account of this salt, in his 
Third Annual Report (p. 98), he says that he had hitherto regarded the reddish colour 
of the sesquicliloride and other sesquisalts of iron as favouring the idt'ii that they con- 
tained as a proximate constituent the red sesquioxide; but, as u red salt was now 
known which demonstrably contained no oxygen, he considered this view no longer 
tenable. 

In 1825, Berzelius himself discovered the sulphur-salts, and thus afforded a fresh 
proof that substaneos perfectly devoid of oxygen could possess all the characters of 
salts. In consequence, ho seems to have entirely changed liis opinions &b to what were 
the essential marks of a salt. He now says distinctly that it is not a question ©^com- 
position but of properties : “ When, for example, sodium combines with chlorine, Mia 
product is common salt, the most characteristic of all salts; but when sodium combines 
with oxygen, it does not produce a salt, but a substance which acquires properties 
analogous to those of common salt only by combination with an acid. The idea 
which is to be connected with the word salt cannot, therefore, be deduced from com- 
position, for, in the first place, the salt is composed of two simple bodies, and in the second 
of two oxides. The idea of what a salt is must, consequently, be derived from that 
kind of electrochemical indifference, which chemists have from antiquity very fitly 
called neutrality, and which results from the combination of substances without 
respect to the elements of which the neutral compound is formed.'* ( Jahrisb. vi. 
185 [1826].) Berzelius’s views of the naturo of salts are further illustrated by the 
manner in which he classified the simple bodies in relation to thorn. At tho place 
last quoted he divides the elements as follows : — 

A. Electronegative : 

1. Those which produce salts by direct union with electropositive elements. — 
Halogens : namely, chlorine, iodine, and probably fluorine. 

2. Those which produce bases by union with electropositive elements, and acids 
by union with electronegative elements of the third class. — Am phi gens; 
namely, oxygen, sulphur, selenium, and tellurium. 

3. The remaining non-metallic elements, and the electronegative metals: by- 
union with the second class of electronegative elements they form acids (and 
sometimes also very weak bases). This class contains nitrogen, carbon, 
arsenic, &c. 

B. Electropositive : 

The electropositive elements do not admit of subdivision : by combination with 
electronegative elements of the first class, they form salts; with those of the 
Becond class, bases ; with those of the third class, alloys. 

Salts themselves were divided into two classes: the first class, called haloid salts, 
included those formed (like chloride of sodium) by the union of an electropositive 
metal with a halogen ; the second class, amph id lalts, was composed of those formed 
(like potassic sulphate) by the union of an acid and a base, ana was subdivided into 
four genera — namely oxysalts, sulphosalts, seleniosalts, and tellurisalts- according to 
the nature of the amphigen contained in them. (See further Berzelius,*/ ohrtsb, viiu 
137 — 143 [1828], where the same views are again insisted on.) , ’ ^ 

These views were accepted, almost without question, by the great majority of chemists; 
and they will be recognised by every reader as having been reproduced, with very little 
variation, in nearly every textbook of chemistry published from the year 1830 till 
within the last ten years, and even in many that are still more recent. It is hardly 
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needful to say, that it is for this reason that we have discussed Berzelius's opinions at 
so great a length. There were, however, always a few chemists to whom the division 
into haloid salts and araphid salts appeared arbitrary and inadmissible. The most 
important of the earlier attempts to reduce all salts into a single class gave rise to the 
so-called “ binary M theory, already alluded in the article Acids (i. 42 and 45, foot* 
note). This theory, however, never exerted a very important influence on the progress 
of chemistry, and it is therefore not needful to discuss the arguments by which it was 
supported and opposed. 

If we try now to state what is the idea which is attached to the word salt, as at 
present used in chemical science, we find it impossible to do so in very precise terms. 
Frobably we may most correctly define this idea by saying that it implies the 
capability of readily undergoing double decomposition. (“ Nous appelerons sets, ou 
corps binomes, tous los composes chimiqucs formas par deux parties, l’uno mAtallique 
at l’autro non-motallique, pouvanfc ainsi s r 6changer par double decomposition.” — 
Gerhardt, Introduction a V etude de la Chimie par le Systkme Unitaire, 1848, p. 91.) 
In its most restricted signification, the word salt suggests a substance which, if soluble 
in water, can produce rapid double decompositions with other soluble substances, or, 
if insoluble, can bo produced us a precipitato, hb the result of a rapid double decom- 
position taking place between soluble substances. This is certainly the idea suggested 
by the application of the word salt to chloride of sodium, nitrate of potassium, 
sulphate of barium, nitrate of silver, hydroclilonite of aniline, &c. By an ine- 
vitable extension of meaning, the name salt is also sometimes given to substances 
which, like chloride of ethyl, give rise to dow processes of double decomposition with 
aqueous solutions of tlie salts specially so called. By a still further extension, it is 
sometimes applied to such bodies as acetate of ethyl, or stearin, and even these 
compounds do not mark the limit of its occasional application. The fact is, that as 
there is no class of bodies known — not even excepting the eloments themselves — 
which do not, under certain conditions, give rise to reactions which must (or may) bo 
represented as double decompositions, so there is no class of bodies to which the 
immo salt, as implying capability of double decomposition, is completely inapplicable. 
The name is, however, most commonly and most appropriately applied to those bodies 
of which reaction by double decomposition is the most characteristic property, and 
which exhibit such reactions under the most familiar conditions. G-. C. F# 

BAIT GARDENS. Mur ah salivs. Shallow ponds or ditches, excavated on the 
seashore and puddled with clay, for concentrating sea-water by spontaneous evapora- 
tion, and obtaining common salt. (See Sodium, Chloride of.) 

SAXiT LAKES. Sahseen. Inland seas containing considerable quantities of 
chloride of sodium, and other constituents of sea- water and salt-springs, carried down 
by the various streams which flow into them. As the water evaporates during tho 
hotter season of the year, chloride of sodium, more or less pure, separates out, and 
the remaining water approaches in composition to the mother-liquor of ordinary salt- 
springs, containing considerable quantities of the chlorides of magnesium and calcium, 
and comparatively little chloride of sodium; also bromides, potassium-salts, &c. 
Tho proportions of these soverul constituents vary with tho season of the year, ac- 
cording to the temperature, and the quantity of fresh water brought down by rivers. 

Salt-lakes are especially numerous in the great basin of Northern Asia, the lowest 
part of which is occupied by the Caspian Soa and Lake Aral. In tho government of 
Astrachan there are 129 of these lakes, of which 32 are worked for the production of 
salt.^ Near Kistiar, in the government of the Caucasus, there are 21, from 18 of which 
salt is likewise obtained. One of the most considerable of these salt-lakes is the Elton 
Lake, in the Steppe of Kirghis, between tho Rivers Volga and Ural. As the water of 
this lake evaporates in summer, the chloride of sodium separates out in loose masses, 
which afterwards becomo deuser. It is very impure, containing large quantities of 
magnesium-chloride), which gives it a sharp and bitter taste. If, however, this deposited 
Balt remains in the lake, and is exposed to the solvent action of fresh water in the following 
soring, the chloride of magnesium and other foreign salts, being more soluble than the 
chloride of sodium, arc first dissolved, and the chloride of sodium remains as a compact, 
stony, bluish mass, having a pure saline taste. A black mud is at the same time 
deposited upon it, and forms a sharp demarcation between the deposits of successive 
years. This lake, in 1832, yielded, 40,000 tons of salt. 

The following tables oxhibit the percentage composition of the water of several salt- 
lakes ; — 
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The following analyses of the water of the Dead Sea, in different parts and at 
different depths, have lately been published by A. Terreil (Compt. rend. lxii. 1329; 
Zeitachr. f. Chem. [2] ii. 416) : — 


Dead Sea . 



In the »CB| 
near liar 
Dale. 

Laguna 
north of 
Sodom. 

North 
■Ide near 
the bland. 

Fire mil ci 
en.t of 
Wady 
Mrabba, 

Near IU» 
Alcraod. 

Fire mllra 
caatuf 

Kai 

Fetch kab. 

Tho tamo. 

Fire mile* 
cn.t of 
Wady 
Mrabba. 

Depth In metre* . . . 

Specific gravity at 15° . • 
Solid residue in 100 pt*. water . 

Surface 

1 0216 
2-7078 

Surface 

1*0376 

47083 

Su rface 
1*1647 
20 5789 

20 

1*1877 

20-4311 

42 

1*2161 

26*0994 

120 
1*225 
26*264 K 

200 

1*2300 

27*1606 

300 
1*2563 
27 8135 

t-hlorine 

Jtromlne 

so 3 [? SO>] .... 

Magnesium .... 

Calcium 

Sodium ..... 
Potassium 

1 7«2* 

0 01C7 
00202 
0*411*7 
0*2150 
0*0HNf> 
00474 

2-982G 

0*0835 

0*0676 

0 3470 
0*44*1 

0 7845 
0*0779 

12*6521 

0*4668 

0 0494 1 
2*5529 
0-90*14 
2*2400 
0-3547 | 

14*5543 

0-3240 

0 0362 

2 9HBI 
1*1472 
1*3113 
0*3520 

16*5443 

0 4*34 
0-0447 
41004 

Cl 3093 

2 4786 
0-2421 

o©-«sw — © 

isiSsSl 

coetono 

17*0423 
0"438 » 

0 0459 

4 2006 
0421 H 

2 5107 

0 4503 

17*4985 

0 7093 

0- 0523 
41428 

1 7269 

1- 434MI 
0*4386 


2*5703 

4*7912 

19 2153 ! 

20*7131 

24-2628 

.24*5732 

25*1101 

25*0984 


Traces of carbonic acid, ammonia, ferric oxide, alumina, and organic matter wero 
likewise found ; no iodine, phosphoric acid, lithium, caesium, or rubidium. 

The table shows : — 1. -That the density and concentration of the water increases 
with the depth. — 2. That the composition varies throughout the entire breadth. Tlie 
water to the north of Sodom contains a larger proportion of sodium- than of magnesium- 
chloride ; and, as a consequence of this, small fish are able to live in it. — 3. That the 
proportions of the different constituents are the same at all depths, the bromine alone 
appearing to incroaso in a greater ratio at a depth of 300 metres. 

The quantities of potassium -salt and of bromine in the water are remarkably great. 
The water of the springs and rivers in the neighbourhood contains chlorine, sulphuric 
acid, carbonic acid, lime, magnesia, potash, and soda, but no appreciable quantity of 
bromine. 

Salt Lakts of the Northern Astatic Basin.— a. Oroomiak Lake, in the north-west of 
Persia; specific gravity 1*666 (Hitchcock).—- b. Elton Lake, in spring (Gob el).— 
c. The same in summer (Erdmann).— d. The same in autumn (G. Rose). In the 
clay soil of the shore of this lake, Rose found small crystals of gypsum ; small groups 
of crystals of magnesium-sulphate were also found floating onthe water. — e. Ritter-salt 
Luke of Kigatsch, one of the arms by which the Volga flows into tho Caspian Sea. At 
the bottom of this lake there is a deposit of sodio-magnesic sulphate, a foot thick.— 
/ Salt-lake of Tasly, near the highroad from Sympheropol to Eupatoria.— -g. Lake of 
Rogdo, north-east of the Bogdoberg in tho Caspian Steppe.— -h* Salt-lake of Tschak- 
rakskoi, not far from Kertsch, separated only by a narrow strip of land from the Sea 
of Azof.— t. Stepanow Lake.— k. Indertsch Lake.—/. Putrid lake on the eaetcoast of the 
Crimea, separated only by a narrow tongue of land from the Sea of AroC The water 
contains a small quantity of calcic sulphate, and smells of sulphydnc and hydrochloric 
acids. — m. Salt-lake of Arsargar, the laigest next to the Rogdo Lake* between the 
Rivers Volga and Ural. 
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SALTPETRE- Salt springs. 


100 pts. of the Lake-water contain : — 


Chloride of sodium . 

„ magnesium] 

„ calcium . ! 

„ potassium 

Sulphate of potassium; 

„ magnesium 

Water 


a . 

b . 

c . 

rf. 

D 

B 

g | A. 

— - 

k . 

B 

— 

m . 

ifro 

131 

7*4 

3*8 

10*5 
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21*6 28*9 

22*4 

23*9 

14*2 

17 8 

0*5 

o 

16*3 

19*7 

9-u 

5*7 

4*9| 4*2 

0*9 

1*7 

1*9 

0*2 

_ 

. . 



m 


0*9 






0*2 


0*2 

m 

0 6 

. . . . 

, 

0T 

■ 


0 1 


0-04 


m 

0*3 

0*1| . . 

0*05 

0*04 

H 

0*08 

0*8; 

1-6 

2*2 

*6*3 

8*2 

2*3 

10 4*2 

0*7 

0*3 

1*2 

0*04 

79-5 

74-4 

73*5 

70-8.71-3 

72*9 

71*5 73*5 

75*9 

73*8 

82*6 

81*9 

99-9 

99-8 

99*44 

90'8|99'7 

99*9 

100*0110*8 

99*95 

99*84 

99*9 

100*02 


^}, 0 analyses e to m are by (4obel (Reise in die S'teppm des sudltchcn Tlusslamh) \ 
these waters were examined for bromides and potassium-salts only in a few cases ; 
but it is probable that these salts exist in all salt-lakes. ( Handw . d. Chem . vii. 218.) 

8A&TP8TRB. Nitrate of potassium (see Nitrates, iv. 98). Nitrate of sodium 
is often called Chili Saltpetre, 

SALT-RADICLE. The chlorous or electronegative constituent of a salt, accord- 
ing to the binary theory : e.g> t Cl in KC1, SO 4 in K*S0 4 , &c. 

SAXiTS, VOMESrciATimS or. See Nomenclature (iv. 125). — Tho fol- 
lowing salts were denoted in the older language of chemistry by particular names, 
some of which are still occasionally used : — 


Salt of Colcothar. Sulphate of iron. 

Salt of Bora. Sulphate of magne- 
sium. 

Salt of Lemons (Essential). Acid 
oxalate of potassium. 

Salt of Saturn. Acetate of lead. 

Salt of Sedlitz. Sulphate of magne- 
sium. 

Salt of Skignette, Tartrate of potas- 
sium and sodium. 

Salt of Soda. Carbonate of sodium. 
Salt of Sorrel. Acid oxalate of po- 


Carbonate of potas- 
Purified sulphate of * 
Am monio-mercuric 


Salt (Ammoniacal, Fixed). Chloride 
of calcium. 

Salt (Ammoniacal, Secret) of Glau- 
iikr. Sulphate of ammonium. 

Salt (Arsrnical, Neutral') of Mac- 
qukr. Acid animate of potassium. 

Salt (Bitter, Cathartic). Sulphate of 
magnesium. 

SAi/r (Common). Chloride of sodium. 

Salt (Digestive) of Sylvius. Acetate 
of potassium. 

Salt (Diuretic). Acetate of potassium. 

Salt (Epsom). Sulphate of magnesium. 

Sait (Fkbki fuge) of S ylvius. Chloride 
of potassium. 

Salt (Fusible). Phosphate of am- 
monium. 

Salt (Fusible) of Urine. PhoBphate 
of sodium and ammonium. 

Salt (Glauber's). Sulphate of sodium. 

Salt (Green). In the mines of Wie- 
liezka the workmen give this name to 
the upper stratum of native salt, which is 
rendered impure by a mixture of clay. 

Salt (Marine). Chloride of sodium. 

Salt (Marine, Argillaceous). Chlo- 
ride of aluminium. 

Salt (Microcosmic). Phosphate o t so- 
dium and ammonium. 

Salt (Nitrous Ammoniacal). Nitrate 
of ammonium. 

Salt of Amber. Succinic acid. 

Salt of Benzoin. Benzoic acid. 

Salt of Canal. Sulphate of magne- 
sium. 

BAIT SPEINOS. This namo is applied to waters which contain large quantities 
of chlorido of sodium in proportion to their other constituents, and are therefore used for 
the extraction of that salt. In many saltworks, artificial salt-springs are formed by 
dissolving rock-salt or bay-salt in sea-water, or in a weak solution of sodium-chloride. 
(See Sodium, Chloride of.) 


tassium. 

Salt of Tartar. 
eium. 

Salt of Vitriol. 
zinc. 

Salt of Wisdom. 

|chloride, 2NH 4 Cl.Hg"CP.H*0. 

Salt (Perlate). Disodic orthophos- 
phate. 

Salt (Polychrest) of Glaser. Sul- 
phate of potassium. 

Salt (Sedative), Boracic acid. 

Salt (Spirit of). Hydrochloric acid 
was formerly called by this name, which 
it still retains in commerce. 

Salt (Sulphureous) of Stahl. Sul- 
phite of potassium. 

Salt (Wonderful). Sulphate of so- 
dium. 

Salt (Wonderful, Perlate). Disodic 
orthophosphate. 


SALVIA-SALYI4C ACID. 18J 

0A1VXA. The garden sage, Salvia officinalis, yields, by distillation with water, 
an essential oil, which is light-yellow or nearly colourless when fresh, but after a time 
becomes darker and deposits a camphor. It has an aromatic taste, and a penetrating 
camphoraceous odour, like that of the plant. It floats on water, its specific gravity varying 
from 0*86 to 0*92 (Zeller). It boils between 130° and 160°, but not at a constant 
temperature. According to Rochleder (Ann. Ch. Pharm. kliv, 4), the composition 
and boiling-point of the oil vary greatly with its ago, and when rectified over solid 
potash, it yields oils differing in composition and boiling-point. These oils may be 
regarded as compounds of the hydrocarbon C 8 H 10 , with varying quantities of oxygen 
(frum 3 to 11 per cent). Sage-oil treated with cold concentrated nitric acid becomes 
hot, and is converted, with evolution of gas, into a fed resinous mass, which when 
distilled with water gives off common camphor, C ,0 H ,u O, mixed with tin oil. When 
sage-oil is dropped into fuming nitric acid at the boiling boat, it dissolves, giving off a 
mixture of carbonic anhydride and nitric oxide. If the liquid be then distilled with 
water, pure camphor collects in the condensing tube. In tho formation of camphor 
from sage-oil, 2 atoms of the hydrocarbon, Oil 10 , give up 2 at. C and 4 at. H, which 
escape as carbonic anhydride and water : 

2C«H“ +' O 7 = C ,0 H lfl O + 2CO a + 2U 2 0, 

Another camphor, or stearoptene. is deposited from sage-oil when kept for a long 
time in a badly-closed vessel. (Herberger, Repert. Pharm. xxxiv. 138.— Gm. xiv. 
399.) 

Hlasiwetz (J. pr. Chem. li. 355), by boiling volatile oil of mustard with soda- 
lime, once obtained an oil which hud the odour of sage-oil, and contained 80 ‘0 per 
cent, carbon, 11*1 hydrogen, and 89 oxygen, agreeing nearly with tho formula CW’O 
(80-25 C, 10-91 II, and 8*84 0). Its formation may perhaps bo represented by the 
equation : 

5(C’H\CyS) + 3Na*0 = C ,2 H M 0 + C*H»NaO* + 6NaCyS. 

Ally lie buI- Sage-oil. Sodio pro- Sodic sul- 

phocyanate. pionate. phocyanate. 

Respecting the ferment-oil of Salvia pratensis, see ii. 636. 

SA&YXXC ACXP. This name was given by JColbe and Lautemann to a supposed 
isomer of benzoic acid. Chio/.za, as already observed (p. 154), by treating the 
product of the action of phosphoric chloride on salicylic acid with water, obtained an 
acid having the composition of clilorobunzoic acid, C 7 I1 S C10 J . This acid was after- 
wards examined by Limpricht and v. Ualar, who found that it differed in crystalline 
form and melting-point from ordinary chlorobenzoic acid (i. 655), and therefore 
regarded it as isomeric with the the latter. This conclusion was corroborated by 
the experiments of Kolbe and Lautemann (p. 164), who designated the chlorinated 
acid obtained from salicylic acid, as chlorosalylic acid ; also by those of Kckul6 
(Ann. Ch. Pharm, cxvii. 145 ; Jahresb. I860, p. 396). Kolbe and Lautemann also 
found that chlorossilylic acid differed from chlorobenzoip acid in its behaviour with 
sodium-amalgam, the latter being scarcely acted upon thereby, whereas the former is 
easily deprived of tho whole of chlorine, and is converted into salylic acid, C 7 H“0* 
isomeric with benzoic acid 

Salylic acid precipitated from the alkaline solution by hydrochloric acid, and purified 
l>y recrystallisation from water, is said to form very small needles, which under the 
microscope never exhibit the indented form of benzoic acid. It is more volatile than 
the latter, melts at nearly the same temperature, viz. at 119° (benzoic acid melting at 
121°), is much more soluble than benzoic acid, 1 pt. of it dissolving at 0° in 237 pts. 
water, whereas benzoic acid requires 607 pts. Some of the salts of salylic acid differ 
also in form and solubility from the corresponding benzoates. (Kolbe and Laute- 
mann.) 

Griesa, by acting on diazobenzo-oxybenzamic acid (iv. 293) with nitrous acid, has 
also obtained an acid isomeric with benzoic acid, which he regards as identical with 
Kolbe and Lautemann’s salylic acid. 

On the other hand, according to E. Reichenbachand Beilstein (Ann. Ch. Pharm. 
cxxxii. 309; Bull, Soc. Chitn. 1865, ii. 53), the ^o-cailed salylic acid, whether prepared 
frum salicylic or from diazobenzo-oxybenzamic acid, is nothing but ordinary benzoic 
acid, more or less contaminated with foreign substances. After being distilled with 
water, converted into a sodium-salt, precipitated by hydrochloric acid, and once recrys- 
tallised, it exhibits all the characters of pure benzoic acid ; likewise in its salts, 
and in the nitro-acid prepared from it. 

Gr&be (Ann. Ch. Pharm. cxxxvi. 124 ; Bull. Soc. Chirn. 1866, i. 432), by treating 
methylic methylsalicylate, C’HXC’H^O* (p. 162), with potash, has obtained 
an acid containing C*H"Of, which he regards asm ethoxy salylic acid, C 1 H*(CH*)0* 
perhaps methoxy benzoic acid. [Cahours obtained salicylic acid by the same reaction]* 
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This acid crystallises in large tables, slightly soluble in cold water, easily soluble in 
boiling water and in ether. Its solution is strongly acid, and does not give with ferric 
salts the reaction characteristic of salicylic acid. It melts at 99°, and is partly resolved 
by distillation into carbonic anhydride and anisol. 

Ethylic methylsalicylate treated with potash yields, in like maimer, an acid contain- 
^iug OTI^O* - C , H*(C 3f H 4 )0 8 . (Grabe.) 

BAMAOESA I1VSZCA (Gartn.), Vithmannia eHiptica (Vahl). A tree of the 
simarubaceous order (class Tercbinthacea), growing in Java, and called by the Malays 
Galip Paliit. The almond-shaped fruits (which are enclosed in leathery capsules) and 
the bark are distinguished by a peculiar intensely bitter tasto. According to C. L 
111 time (Arch. Pburm. cxivi. 265 ; Handw. vii. 222), the fruit and bark contain, in 


Matters soluble in ether 

Fruit. 

. 34*2 

Bark. 

1*4 

„ „ alcohol 

. . 8'4 

5*1 

„ „ water 

. 10*6 

1*2 

„ ,» potash 

. . 0*1 

trace 

Cellulose .... 

. 39*0 

70*6 

Water . . . , 

. . 4-0 

11*8 

Ash-constituents . 

. . 2*7 

7*9 


Ether extracts from the fruit, a colourless oil, having a peculiar odour, and 
saponifiable by alkalis. The alcoholic extract of the fruit consists chiefly of a brown, 
very bitter substance (perhaps a resin), which is somewhat soluble in water, absorbs 
moisture from the air, and deliquesces. — The aqueous infusion of tho fruit yields a deli- 
quescent, very bitter extract, containing tannic acid and a peculiar bitter principle 
called h am ad or i n. Tho asli of tho fruit contains carbonate of calcium and the chlo- 
rides of calcium and potassium. 

From tho bark, other extracts a light-yellow fat of soft resinous consistence, which 
is only partially saponified by alkalis, and appears to be a mixture of resin and fat. 
Tho alcoholic and aqueous extracts of the bark have the same constituents and pro- 
perties as those of the fruit. 

Hamadorin, the chief bitter constituent of tho bark and fruit, is most easily pre- 
pared from tho aqueous infusion by evaporating it to an extract., and treating the extract 
repeatedly with small quantities of alcohol; it may be purified by solution in water, 
find treatment with animal charcoal. It is dazzling white, with a foliated and some- 
what feathery crystalline structure; has a persistent and intensely bitter taste, stronger 
perhaps than that of any other known substance; dissolves in water more easily than 
in alcohol, and to a slight extent also in common ether. Its solutions are perfectly 
neutral. When heated, it melts and gives off vapours having a sharp bitter taste. 
Hydrochloric and nitric acids colour it yellow. Strong sulphuric acid immediately 
produces with it a splendid red-violet colour, which disappears after a while; a conside- 
rable quantity of foathory, strongly iridescent crystals is formed at the same time. 
iSainiidcriu producos no particular reaction with metallic salts, or with tincture ot 
iodine, chromate of potassium, or ferrocyanide of potassium. 

8AMASBKZTE. Uranoniobate of yttrium and iron, occurring noar Minsk, in 
the Ilmen Mountains (iv. 65).* 

SAMBUCUS. A genus of plants belonging to the order Caprifoliacea. The 
berries of the dwarf elder or danewort ( Sambucus ffiulus) contain malic acid (Era con - 
no t\ and a very gelatinous soft resin which may be used as birdlime. 

The root-bark of the common elder (Sambucus nigra) contains, according to Simon, 
an emetic and purgative soft resin, which may be obtained by treating the alcoholic 
extract with other, and evaporating. — The flowers contain a volatile oil, which is very 
soluble in water, and is therefore not easily obtained by distillation with water. The 
best way of preparing it, according to Winckler,.is to concentrate tho water in which 
fresh elder-flowers have been macerated, saturate it with common salt, shake up with 
ether, and evaporate the other. It is colourless, lighter than water, and has the pene- 
trating odour of the flowers, which, like musk, is capable of filling a very large 
space. At 0° it solidities to a crystalline mass, like oil of roses. It hits a very high 
boiling-point. When exposed to tho air, it turns brown, thickens, and acquires the 
odour of decayed elder-flowers. It is said to contain sulphur. Elder-berries contain, 
according to So he el e, malic but no citric acid; also sugar, gum, a peculiar sudorific 
substance (which likewise exists in the flowers), and a red colouring matter, which is 
turned blue by a small quantity of alkali, green by a larger quantity. 

* It is there called “uHinonioUUc” of yttrium, &c,; hut the nci 1 formerly railed niubinf, or hynoiimhie 
wM, is now Known to he iue ouly oxygrii-acid of niobium, and is therefore called n iodic acid 
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8AWBCB PAHACEL9I. Au obsolete name of neutral potnssic tartrate. 

8AAKOZTS. An aluminous silicate allied to allophane, occurring in stalactitic 
forms in the lava of Upolu, an island of the Navigator group. Jt has a lamellar 
structure, whitish colour, and slightly nacreous lustre ; hardness =* 4*0 to 4*5 ; specific 
gravity « 1*7 to T9. Contains, according to B. Sillimun, jun., 31*25 per cent, 
silica, 37*21 alumina, and 30 145 water, together with 4*06 magnesia, 0*01 calcic 
carbonate, 0*06 soda; according to another analysis, however, 35*19 silica, 31*95 
alumina, and 30*80 water ; the formula is therefore doubtful. 


SAM? HAST. Syn. with Sapan. 

SAND' This name is mostly applied to quartz occurring in a granular or 
pulverulent form, as on the seashore, in the bods of rivers, and covering extensive 
trjicts on many parts of the earth’s surface ; but it is also extended to other minerals 
occurring in a similar condition : hence the terms dolamitic sand, iron sand, titani- 
ferous sand, &c. 


S AK PAIrWOOD. San del- wood, Santal-wood, Red Saunders-wood. — A dye-wood 
furnished by the Pterocarpus Santalinus, a papilionaceous tree indigenous in the tropical 
parts of Asia. It occurs in commerce, sometimes in large heavy billets of a fine red 
colour (caliatur-wood) — sometimes as a red, loose, dusty powder. It has a somewhat 
harsh taste, and when warmed or rubbed gives off a faint agreeable odour. It is 
used in India, together with one-tenth of sapan-wood, chiefly for dyeing silk and rotten, 
to which, and also to wool, it imparts reds of various shades, according to fho kind of 
mordant used. (Seo Urc's Dictionary of Arts, &c., iii. 631,) 

Sandal- wood contains a peculiar red resinous colouring- mat ter, called santali n, and, 
according to Meier (Ann. Ch. Pharm. lxxii. 320), fivo other amorphous resinousbodies 
which lio designates as santalic oxide, santalide, eantaloi'de, saiitulidide, 
and santaloidide; the last four being extracted from the wood by water — the first, 
together with santalin, by alcohol. Those live bodies liavo not, however, been obtained 
pure, and their separate existence is very doubtful. 

Santalin, or santalic acid, C l4 H H O s (?), is prepared by treating the wood with 
other, and evaporating the resulting solution ; dissolving tho highly-coloured crystals 
thus obtained in alcohol, after huving exhausted them with water; precipitating tlio 
alcoholic solution with acetate of lead ; boiling tho violet precipitate several times 
with alcohol, then suspending it in that liquid, and decomposing it with dilute 
sulphuric acid. (Meier.) 

■Santalin forms small crystals of a fine red colour, and without taste or smell. 
It is insoluble in water, but very soluble in alcohol, forming a blood-rod solution 
which reddens litmus. It melts at 104°, and at a highor temperature becomes resinous 
and puffs up. It contains, according to Westormann and Iliiffely (Ann. Ch. 
I’ll arm. lxxiv. 226), 65*85 per cent. 0 and 5*2 H, the formula C ,4 H ,4 0 4 requiring 057 C, 


6*1 H, and 29*2 O. t ^ . 

Tho alcoholic solution of santalin precipitates lead-salts, but not the salts of barium, 
silver, or coppor. Santalin dissolves easily in ammonia and in potash, forming violet 
solutions, which precipitate the alkaline earths. 

The barium-salt is a violet crystalline precipitate, which, when dried at 100°, gives 
by analysis 63*2 to 53*7 per cent. C, 4 6 to 3*5 H, and 22*9 BaO, tho formula 
C ! ‘“11 2 b Ba" 0" requiring 52*7 O, 3 8 H, and 22-4 BaO. 

The lead-salt, C a ®H"Pb''O l# ,Fb M H a O i{ , gave by analysis 35 3 to 37 per cent. 0, 2.8 II, 
and 44*6 to 44*9 lead-oxide, the formula requiring 36*2 C, 2*8 H, and 44*5 PbO. 

SAJMTPAHACA. Syn. with Rbaloab (i. 386). 

BAKSAKAGH. A gum -resin which exudes from Thuja articulata, a small 
coniferous tree growing in Barbary. It occurs in pale-yellow elongated plates, covered 
with a very fine dust, and having a vitreous lustre on the fractured surface. It has a 
faint odour, and crumbles between the teeth without softening. According to Johnston 
(J pr Chum xvii. 167), sandarach is a mixture of three acid resins. The a-resin 
forms a white or yellow powder, slightly solublo in alcohol, and net easily fusible. It 
forms but a small part of the entire resin and contains 78*04 to 78*46 per cent 0, and 
8*80 to 9*91 H, whence Johnston deduces the formula C"H 30 0* (calc. 79*47 G, 
9*93 H and 10*60 O) The j8-resin, which forms three-fourths of the whole, has a light- 
yellow’ colour, softens at 100°, and dissolves easily in cold alcohoL Contains 75*08 to 
76*60 C. and 9*71 to 10*04 H, whence C^H^O* (calc. 75*47 C, 9*41 II, apd 1612 O). 
The 'v-resin is a linht-vellow powder, soluble in boiling alcohol, melting with difficulty, 
nnd decompMing ^the* same time. 'ConUin, 75 63 to 76-59 C, and 9-36 to 0-47 II. 
whence the formula 


§ A3CDE1»-W04>1>. Syn. with Sandal-wood. 
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SAttGtJINARIA— S AXGITIN ARINE. 


gAHOtmTAItZA CAWADinrBXS. The root of this plant, belonging to the 
papaveraceous orfler, contains sauguinarin e or chelery t Jirine, and, according to 
G ibh {Pharm. J. Trans. [2] i. 464), two other alkaloids, called porphyrox i ne ami 
puccine; but the two latter have been but imperfectly examined. (Gm. xvii. 162.) 

flAVOVIltARIirE. Chelerylkrine, Pyrrhopine. O ,0 IF 7 NO*. (Dana, Annals of 
the Lyceum of If ew York, ii. 245. — Probst, Ann. Ck. Pharm. xxix. 120; xxxi. 3 50. 
— Polex, N. Br, Arch. xvi. 77. — J. Sell i el, Ann. Ch. Pharm. xliii. 233; Sill. Am. J. 
[2] x. 220. — G m. xvii. 1 56.) — A n alkaloid discovered, as s a n g u i n a r i n e, by Dana, in the 
roots of Sanguinaria canadensis ; as c li «* 1 c r y t h r i n e, by Probst, andas p o r p h y r u x i n c 
by Polex, in the common celandine ( Chdtdunium majus) ; the identity of the alkaloids 
from these two sources was demonstrated by Probet and Sehiel. In celaildiuo it is 
found chiefly in the roots and unripe fruit; in Sanguinarm it exists also in the leaves, 
and most probably in the seed. It is also found in the roots of the yellow-horned 
poppy ( Glauciuni lutetm), together with ghtucopicrine, but not in the green parts of the 
plant, which contain glaiieine (ii. 845, 846). 

Preparation; 1. From the roots of Sanguinaria canadensis . — The dried and powdered 
root is exhausted with ether, hydrochloric acid gas is passed iuto the filtrate, and tho 
impure hydrochlorato o fsangu marine thereby thrown down, is collected and dried. Jn 
the ether there remains a brown greasy resin, together with a little sanguinarine, 
which is recovered by evaporating, exhausting tho residue with water containing 
sulphuric acid, and precipitating by ammonia. Tho precipitated hydrochlorato is 
dissolved in water ; the solution is precipitated by ammonia ; tho precipitate is washed, 
dried, and dissolved in other; and the solution is shaken with animal charcoal till tho 
supernatant liquid appears colourless. The precipitate, again thrown down from tho 
filtrate by hydrochloric acid gas, is decomposed by aqueous ammonia, and afterwards 
washed and dried (Probst; «ch i el). Schiol purifies sanguimirine extracted by other 
methods, by precipitating its ethereal solution with hydrochloric acid gas or sulphuric acid. 

2. From the roots of Chdidonium via jus. — The fresh or dried root is exhausted 
with water containing sulphuric acid; the liquid is precipitated by ammonia; and the 
precipitate is washed, freed from water as far as possible by pressing, and dissolved, 
while still moist, in alcohol containing sulphuric acid. The alcoholic" solution, diluted 
with water, is submitted to distillation, and after tho alcohol is driven oflf, precipitated 
by ammonia. The precipitate is dried between bibulous paper as quickly as possible, 
at a very gentle heat, powdered, and treated with ether, which dissolves chiefly san- 
guinariuo. On expelling tho ether, there remains a viscid turpen tine-1 ike mass, to bo 
treated with ns small a quantity as possible of water containing hydrochloric acid, 
which leaves resin un dissolved. The solution is evaporated to dryness, and the resi- 
due washed with ether, hydrochloride of sanguinarine then remaining. This is dissolved 
in a little cold water, which leaves most of tho hydrochloride of clielidoniue undissolved ; 
the solution is evaporated, and the residue again treated with water so long as hydro- 
chlorate of chelidonino continues to separate. _ From the last aqueous solution tho 
sangu marine is thrown down by ammonia, and is purified by washing and drying, and 
subsequently dissolving in ether and evaporating. (X 5 rob at.) 

3. From Glaucium lute urn.— The dried and powdered roots of plants of one to two 
years 1 growth are exhausted with water containing acetic acid; the extract is precipi- 
tated by excess of ammonia ; and the precipitate is washed, dried, and exhausted 
wnh ether, which leaves nearly pure sanguinarine on evaporation. Tlio product is 
dissolved in the smallest possible quantity of water acidulated with hydrochloric acid ; 
the water and excess of acid are evaporated; and the remaining hydrochlorato of 
Hanguinarmo is freed from chlorophyll by washing with ether, after which it is dissolved 
hi a little water, and mixed with an equal volume of strong hydrochloric acid, 
winch precipitates it almost completely, the supernatant liquid retaining only a small 
quantity, preeipituble by ammonia. Tho precipitated salt may be obtained in the crystal- 
Jnio form, by dissolving it- m water and evaporating the solution. By decomposition 
with ammonia it yields sanguinarine, which is crystallised from ether, with addition of 
water. (Fro l>st.) 


Properties Sanguinnri 



(Probst). 

Jess (S 
solution 

powerful narcotic poison. ollt . 

1,illm 1111,1 Sol,i, ‘ 1 ’ il hlls n " 11,kalin « to Probst and Pole*, it is 


ana brW « % croi.T^ ItTs Z7. 

'Oil it J.* . burning lb!,™' 


mg sharp taste (Probst); very bitter (Sell i el). It acts as a 
I he dust excites violent sneezing (Probst). According to 




neutral. On exposure to tho air it gradually assumes a yellowish -white colour (Dan*\ 
and in presence of small quantities of acid vapours becomes immediately red (Pol ex ; 
Schiel). It softens at 65° like a resin (Probat), melts at a somewhat hightempera* 
ture, and burns completely, gi ving off ammoniaeal vapours (Pole x). It ie decomposed 
by nitric acid. Its composition (at 100° — 105°) is shown in the following table: 

Schiel. 


c** 

Calculation. 

228 

70*59 

a. 

69*66 

6. 

70*34 

H” 

17 

5*26 

5 16 

5.21 

N 

14 

4*33 

5 23 

6*07 

O 4 

64 

19*82 

19*95 

19*38 

C lft NII 

,7 0 4 323 

100*00 

100 00 

100*00 


a was prepared from Sangitmaria, b from CheHdonium. 

Sanguinarine unites with acids, which it colours a fine orangc-red, forming neutral 
salts, partly crystallisable, having a burning sharp taste, a narcotic action, and dissolving, 
for the most part, in water. Prom the solutions, sanguinarino is separated by ammonia, 
the fixed alkalis, or magnesia, in the form of a grey -white curdy precipitate (Pro list). 
Concentrated acids have but little action oil sanguinariue in the cold (Po 1 c x). Acetate 
of sanguinarino forms yellowish-white precipitates with tartar-emetic, ferric chloride, 
mercurous nitrate, mercuric chloride, and silver nitrate: iodine precipitates the solution 
of a crimson, chromate of potassium of a yellow, and chloride of gold of a dark-red- 
yellow colour. Basic acetate of lead and tincture of galls do not produeo precipitates. 
(Polex.) 

SANGUZSORBA PRJECOX. A rosaceous plant,, formerly used as a styptic. 
100 pts. of the fresh plant contain 71*0 water, 10*3 matter soluble in water, 9*2 soluble 
in dilute potash, 8*9 cellulose, and 1*9 ash free from carbonic acid. The ash contains, 
in 100 pts., after deduction of carbonic acid, 13*7 potash, 7*7 soda, 27*0 lime, 3*9 
magnesia, 0 9 alumina and ferric oxide, 33*9 silica, 4*1 sulphuric anhydride, 7*6 phos- 
phoric anhydride, and 12 chlorine. 

8ANIDIN, Glassy felspar (ii. 620). 

SANIBOPHYR. A name given to trachytic porphyry, on account of the 
crystals of sanidin which are embedded in it. 

SANTALIC ACZB, SAVTALZBE, SANTALZN, &c. (Soo Sandal-wood, 
p. 187.) 


SANTOUTIN'. Santonio acid , C IS II ,H 0 S . — This substance was discovered in 1830 
by Kali lor (Brandos. Archiv. xxxiv. 318, xxxv. 216), and about the same time by 
Alms {ibid, xxxiv. 319, xxix. 190), in wormseed, Semen r antra , Semen cinte, or 
Semen Santonici, the undeveloped flower- heads of Artemisia VtthHaua , and other species 
of the same genus. It has been investigated chiefly by H. Trommsdorlf (Ann. 
Cli. I’liarm. xi. 90) and W. II eld t {ilnd. Ixiii. 10 and 40). »See also G ni. xvi. 260. 

To prepare it, a mixture of wormseed with a small quantify of dry slaked lime is 
exhausted with hot alcohol, the alcohol expelled by distillation, and the remaining 
liquid supersaturated with acetic acid. Tho precipitate thereby formed is purihod by 
solution in alcohol, and treatment with animal charcoal. 

Santonin crystallises in flattened hexagonal prisms, or interlaced tufts of crystals, 
which are colourless at first, but turn yellow on exposure to light, brum an ethereal 
solution it is deposited in rhombic plates: sp. gr. = 1*247. Santonin has very strong 
lievorotatory power; for the transition-tint [a] = — 230 ,J at 20 ' J in alcoholic solution, 
weaker after addition of alkalis, but not diminished by acids (Iliiignet, J. I 'harm. 
[3]xl. 252). It is neutral according to JCahler, acid according to kittling; inodorous; 
tastes slightly bitter after being kept for some time in the mouth, very bitter in 
alcoholic solution. It exerts an anthelmintic action, but is sometimes fatal to children 
when given in quickly-ropeated doses of 1 to 2 grains or more (La vat or, Pharm. 
Viertelj. ii. 110). Barger doses of santonin given to adults produce colour-blindness, 
lasting for several hours. (Wells, J. Pharm. (3j xv. 111.— Martini, Compt. rend. 


xlvii. 259; 1. 545.) , „ , 

Santonin gives by analysis 72 40 to 72*6 per edit, carbon, and 7*47 to 7'67 hydrogen, 
tho formula C ls H S0 O 8 requiring 73*17 G, 7*32 IT, and 29*51 O. 

Santonin is nearly insoluble in cold, rather more soluble in hot water; very 
soluble in boiling alcohol, h*ss in ether. According to Trummsdorff, 1 pt. of wnt-inm 
requires for solution 43 pts. alcohol at 22*5°, 12 pts. at 60 J , and 27 P fl * a ' 
of ether, 5*75 pts. at 17 c , 42 pts. at 40°; of water, 5000 pts. at 17 5 , and 2o0 at 
100°. Santonin dissolves in 4*3 pts. of chloroform (Schli mpert, JN. Hr. Aren. 


c. 151 ) ; also in acetic acid and volatile oils. 

Santonin melts at 136° to a colourless liquid, which solidifies to 


a crystalline mass 



190 SANTONIN. 

on Cooling, but by prolonged fusion, it undergoes a molrcular change, and becomes 
amorphous: the same character is exhibited by many other crystalline resinous bodies — 
heleni for example. Santonin sublimes without decomposition when heated in small 
quantities ; but when larger quantities are heated, a considerable portion decomposes, 
yielding an oil, which solidifies on cooling to a brown resinous substance. By prolonged 
exposure to light, most quickly in alcoholic solution, it is converted into photo* 
santonin, C"ir 4 0». (Sestini, iv. 627.) ^ 

Santonin, suspended in water, and submitted to the action of chlorine gas, is converted 
into mono-, di-, or tri-ch loro santonin, according to the circumstances of the ex- 
periment (Sestini). It also yields a crystallisablo substitution-product with bromine . 
(Heldt) 

Santonin dissolves without decomposition in strong sulphuric acid, and is precipi- 
tated from the solution by water; the solution turns red after a while, and yields a 
resinous substance. According to Kossrnann (J. Phurm. [3] xxxviii. 81), santonin 
boiled wit h dilute sulphuric acid is rosolved into glucose, and a resinous body which he 
culls s antirot iu. According to O. Schmidt, however (Zoitschr. f. Cliem. [2j i. 
212), no such decomposition takes place, even when the ebullition is kept up for a con- 
siderable time. If tin; water be not renewed as it evaporates, the acid, as it becomes 
concentrated, turns the santonin brown, and converts it into a resinous product 
— probably dehydrated santonin — which when treated with water and crystallised 
from alcohol, yields the santonin in its original state. (Schmidt.) 

Fuming nitric acid also dissolves santonin; diluto nitric acid converts it, by prolonged 
ebullition, into a bitter noil-crystal Usable body, very soluble in water and in alcohol, 
and finally into a crystallisablo acid, also very soluble in water and alcohol, probably 
succinic acid. Hydrocyanic acid is also formed, together witli other volatile products. 

Santonin dissolves in caustic ' jixnl alkalis, forming definite compounds. It docs not 
appear to combine with ammonia. When it is digested with alcohol and metallic 
oxides, the liquid assumes a fino crimson colour, which disappears after some time. 

The s an to nates are decomposed by prolonged ebullition, santonin being sot free. 
The potassium-sail, obtained like the sodium-salt, forms a gummy mass. The sodium - 
salt, 2C ,4 H ,7 Na0\9ll*0, or 2((J ,s H H 0\NftIlO).7H*0, is obtained by digesting an 
alcoholic solution of santonin with sod to carbonate, till the mixture is decolorised; then 
evaporating to dryness at 30°, exhausting the residue with absolute alcohol to separate 
the excess of sialic carbonate, and leaving the filtrate to evaporate. It is then de- 
posited in slender interlaced needles, which by crystallisation from a very small 
quantity of water, are converted into large rhombic prisms, with the dominant faces 
col’, ocf’oo, f'oo . Anglo ccP : 1* = about 111°; Pao : f^co (brach.) = about 102°. 
The crystals lose about 7 per. cent, water at 100°. (II oldt.) 

The burin m-suff, 2C ,5 Il B 0*.Ba'TI , O s .II*0 (at 100°), is obtained, by digesting hydrate 
of barium with alcoholic santonin till the red colour disappears, then filtering, evapo- 
rating to dryness at 37’' r >°, exhausting with water, and again evaporating, us a white 
crust, slightly gelatinous, ami drying up to a light powder. 

The calcium- salt, 2C ,i ll ,M 0 1 .Ca"ir-0 :i (at 100°), obtained in like manner, crystallises 
in silky needles. 

The hud-salt, 2C ,v II ,9 0\Pb"0 (at 120°), is obtained by mixing a boiling alcoholic 
solution of santonin wit h neutral acetate of lead, filtering, and exposing the mixture for 
some time to a temperature of 30° to 40°, avoiding the access of atmospheric carbonic 
acid. The compound is then deposited in mamnicllntud groups of small nacreous needles. 

Santouuto of potassium forma a pale-blue precipitate with cupric salts, chamois- 
coloured with ferric sails, white with mercurous, silver, und cine salts ; it does not 
precipitate mercuric salts. 

Bromosantonln, When bromine is dropped gradually into a cooled alcoholic 
solution of santonin, and the liquid is left to evaporate, a brown resin is gradually 
deposited, together with white, tasteless, inodorous crystals of a brominated santonin, 
which is very unstable, dissolves with difficulty in water, more easily in boiling alcohol 
und in ether; also in alcoholic potash, forming a cherry-mi liquid, (lloldt.) 

CMorosantonlns. (Heldt, Ann. Ch. Pharm. lxiii. 34. — Sestini, Bulb Soc, 
Ohim. 1866, i. 202.) — These compounds are formed by the action of chlorine or of hypo- 
clilorous acid on santonin. They aro less altered by light in proportion as they 
contain more chlorine. 

Monocfilorostinton in, C^IIPCIO 5 , appears to be produced by the action of 
chlorine-water on excess of sautouin. Sestini, by adding half a lifro of recently pre- 
pared chlorine -water to an equal volume of water holding 10 grtus. of santonin iti 
suspension, then shaking the liquid strongly in a closed vessel till the odour of the 
chlorine was no longer perceptible, and crystallising the product from alcohol, obtained 
first crystals of santonin, then a confusedly crystalline mass, which turned yellow on 
exposure to light, but less quickly than santonin, und contained II 3 percent, chlorine; 
the formula of monochlorosantonin requires 12*7 per cent. 
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Dxchloroaantonin , C ,& H ,e Cl 2 O a . — When santonin suspended in water is exposed 
to the action of a slow current of chlorine for 10 or 11 hours, a product is obtained 
which crystallises from alcohol in groups of small laminae, containing 22*4 percent, chlo- 
rine (Sestihi). Heldt, by dissolving santonin in warm hydrochloric acid containing 
a little alcohol, and adding small crystals of potassic chlorate, stirring all the while, and 
keeping the liquid warm, obtained a white amorphous mass, which when dissolved in 
hot alcohol, and crystallised by spontaneous evaporation, yielded delicate white shining 
needles, which gave by analysis 21*9 per cent, chlorine (it probably contained a small 
portion of monochlorosantonin). 

Diehlorosantonin is insoluble in water, but dissolves easily in alcohol and ether 
(Heldt) ; less easily in alcohol than trieblorosantonin, easily iu chloroform (Sestini). 
According to Sestini, it slowly acquires a slight yellow colour, on exposure to light ; 
according to Heldt, it is not altered by exposure to diffused daylight., but when exposed 
to sunshine, even iu an atmosphere of hydrogen, it. turns rusty -red, and afterwards be- 
comes covered with a brown crust, but not so quickly us santonin. Alcohol removes the 
brown crust, leaving white crystals (the effect was perhaps partly due to the mono- 
chlorosantonin in Hcldt’s product). Diehlorosantonin is inodorous and tasteless in tho 
solid state, but very bitter in alcoholic solution. It melts when heated, and solidifies 
again on cooling; but when heated above its melting-point, it decomposes, with evolution 
of hydrochloric acid. It dissoles in alcoholic potash, forming an orange-red liquid. 
(Heldt.) 

Trichlorosantonin , C la H ,a Cl 3 O s , was obtained by exposing 60 grms. of santonin 
suspended in 2 £ litres of water to a slow current of chlorine continued for several hours 
on four successive days, washing the product with tepid water, dissolving it in boiling 
alcohol, and leaving the solution to evaporate. It crystallises in transparent monochnic 
prisms, which are not coloured even by prolonged exposure to sunsliino (analysis 34 - 1 
per cent, chlorine ; calc. 30*6 per cent.). It is insoluble or nearly so in water, but dis- 
solves with moderate facility in alcohol , ether, and chloroform ; from tho last-mentioned 
liquid it crystallises in long silky needles. It does not lose weight by prolonged ex- 
posure to air dried by oil of vitriol, or when heated to 190 — 110°: hence tho crystals 
appear to he anhydrous. It melts at 213°, assuming a faint brown colour. Alcoholic 
potash converts it into colourless or slightly coloured oily drops ; and boiling alcoholic 
solutions of caustic alkalis docompose it, convoking it into a roBinous substance. 
( 80 s t ini.) 

SAlfTOAIN. An argillaceous mineral, occurring on the island of San tori n v 
which yields an excellent cement. According to Eisner, it contains 68*6 per cent, 
silica, 5*6 ferric oxide, 13 3 alumina, 07 manganous oxide, 2*3 lime, 3*1 potash, 4*7 
soda, with traces of common salt, sodic sulphate, and organic matter. 

SAOSIA. Tho seed of Maesa picta, a primulaceous plant, used in Abyssinia os 
a remedy fur tapeworm. According to Apoigor (Jahresb. 1867, p. 630), it contains 
a waxy substance, a soft resin, a fatty 11011 -drying oil, an acrid substance, extractive 
matter, gum, pectin, albumin, sugar, an iron-greening tannin, lactic acid, citric acid, 
racemic acid (?), a volatile acid (“/), and a volatile oil. Tho seed dried at. 100 ° yielded 
7 7 per cent, ash, containing 27*8 1 per cent. KH), 9*04 Na a O, 870 CaO, 7*47 Mg(), 
0*98 A1 2 0\ 1*69 EoO, with trace of manganous oxide, 9 00 Cl, 373 SO 3 , 9*93 1*0* 
6 09 SiO* 1517 CO*, and O’ 30 B*O a . 

SAPAN-BED. Uracil in. C^H'^O 7 . (Holley, Zurich. Mitfheil. 1805, p. 2; 
J. pr. Client. xciii, 451.) — The colouring matter of sapan-wood ( CtCsnl pi n t a ichinata or 
C . SujHin ), appears from Holley’s investigations to bo identical with Chevroul's brazilin* 
(i. 656), obtained from brazil-wood (Ctesttfpinia crista, V. Ora s Hit ns is, &c.). It was pre- 
pared l-om a crystalline deposit, winch had collected at the bottom of a cask filled 
with extract of sapan-wood, by dissolving tho deposit in absolute alcohol, and leaving 
the filtrate to crystallise in a vessel excluded from light and air. It is not easily 
obtained in the pure state from brazil-wood. 

Sapan-red.or bruzilin. crystallises from absolute alcohol in amber-yellow or brownish 
rhomhohedronH, or in short monoclinic prisms containing 60 60 per cent, carbon and 
6 * 0-1 hydrogen (calc. 66*66 G\ 5*04 H, and 28*28 O); from hydrated alcohol or from 
aldehyde, in small straw-yellow or golden-yellow monoclinic needles, containing 
2U' r - , H 50 O 7 .3H i O. turning brown at 90°, ami giving off 6 61 per cent, water ; no more 
at 120 ° (3 at. H-0 = 6*39 per cent.). They gave by analysis 62*78 per cent. C and 
6 48 H (calc. 62*41 C, 6*43 H, and 32*16 O). 

Brazilin is soluble in water, alcohol, and ether. Tho reddish aqueous solution is 

* The ttatemcota respecting brazilin, given (t. 056) on the authority of PreiMcr, are not to be de- 
pended upon. 
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coloured deep carmine-red by traces of ammonia, the fixed alkalis, or baryta-water. 
The alcoholic solution, slowly evaporated in contact with air containing ammonia, 
yields iridescent spangles, which give off ammonia when treated with potash. Brazilin 
dissolves also in aqueous acid sulphite of sodium, and the solution deposits colourless 
crystals containing sulphur. 

Brazilin differs from hsematoxylin (iii. 4) by containing the elements of phenol in 
addition : 

C”H M 0 T * C l5 H 14 O a + C 6 H°0. 

Brazilin. Haematoxylin. Phenol. 

Accordingly, brazilin treated with nitric acid yields picric acid, whereas hsematoxylin 
thus troated yields nothing but oxalic acid. 

SAPHIR£. Syn. with Sapphire. 

BAPOGEVIlir. The name given by Bolley (Ann. Ch. Pharm. xc. 211 ; xci. 117), 
to the product obtained by boiling saponin with dilute sulphuric or hydrochloric acid. 
Prcmy (Ann. Ch. Phys. [2] lviii. 102), who first obtained this substance, designated 
it as msculic acid (i. 69). Sec also Saponin (p. 194), and Gindin 8 Handbook, 
xv. 53. 

SAPONARDJ. A bitter, neutral, crystalli sable substance, occurring, according to 
Osborne (Ann. Phil. xi. 302), in the roots of Soponaria officinalis , before flowering 
time, but not afterwards. It dissolves in less than 2 pts. of water, is soluble also in 
alcohol and ether, insoluble in oil of turpentine. 

SAPONIFICATION. This term was originally applied to the conversion of 
natural fats (glycerides) into soaps, by the action of alkalis or other metallic hydrates, 
the change consisting in the rearrangement of the elements of the acting substances 
in the form of a metallic salt of the fatty acid, and glycerin. It is now, however, used 
in a wider sense', being extended to the resolution of all ethers, and neutral substances 
of analogous composition, into acids and alcohols ; sometimes even totho decomposition 
of glucosides under the influence of dilute acids. (See Ethers, Gjlu cosides, 
Glycerides, Soap.) 

SAPONIN. Strathiin . Githngin . Swegin. Poh/galin. Poly go lie acid. — This 
substance, first observed by Schra.de (Gchleii’a N. Journ. d. Chem. viii. 648) in the 
borniuon soapwort (Saponaria officinalis), and sometime afterwards by Bley (Alin. 
Ch. Pharm. iv. 283) and Hussy {ibid. vii. 168) in the oriental soapwort ( Gypsophila 
Struthinm ), appears to bo very widely diffused in tho vegetable kingdom. It has been 
found by O. Henry and Boutron-Charland {J. Pharm. iv. 249) in quillaja-bark 
( Quillaja smcgmadirmos), by Ere my (Ann. Ch. Pharm. xv. 187) in horse-chestnuts, 
in which, according to Malapert (J. Pharm. [3] x. 339), it. existH chiefly in tho 
ovaries during flowering-time, and in tho pericarp of the fruit, immediately after the 
petals have fallen off. Malapert has also found it in the roots of pinks, in tho corn- 
cockle (Agrostcmma Githago ), tho white campion ( Lychnis dioiai), tho scarlet lychnis 
(A. chalccdonica) ; also in Lychnis Flos cuculi, Siltne injlata , tSUcnc nutans , Anagallis 
arvensis, and A. car idea. 

Saponin is said ulso to be contained in Arnica montana . Arum macula turn, Capsdla 
Bursa Pastoris , tho bark of Gy mnoclodeis canadensis, the root of Polypodium vu/garc , 
the fruit of Sajnndus Stpnnaria, S. laurifolius, and S. rigidus , of Pircunia ultyssimca, 
and in many plants of tho supindaceoua and mimosoous orders. The irritating extrac- 
tive matter in the root of tho cowslip is, perhaps, identical with saponin. 

Sen eg in , or Polygalin , discovered by Golden in the root of Polygala Senega, which 
was associated with saponin by Bucholz and Pfaff, minutely examined by Quevenne, 
who named it acide polygaligue , is, according to Bolley, probably identical with 
saponin. 

Preparation: A. From Ike root of Saponaria, or of Gypsophila Sir ulhium. — 1. The 
choppod root is exhausted with boiling alcohol of specific gravity 0*824; the filtrate is 
cooled ; and the deposit of saponin, which separates after 24 hours, is collected, washed 
with ether and alcohol, and dried at 100° (Koch lode r .and Schwarz). — 2. Tho 
coarsely-pounded root is freed by ether from resin and fat, then boiled with alcohol, 
and the flocks which separate on cooling and concentration are collected. (Bley and 
Bussy.) 

Saponin prepared from Gypsophila is sometimes contaminated with foreign sub- 
stances. It is purified by dissolving it in the smallest j»ossil»lo quantity of water, and 
adding baryta- water, which precipitates saponin-baryta, leaving the foreign substances 
in solution. The white precipitate is washed with baryta- water, and dissolved in. 
water ; on passing cnrl>onic acid through tho solution, and heating it, carbonate of 
barium separates out; and after its removal, the saponin maybe precipitated by ether- 
alcohol. (liochl odor and De Payr.) 
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B. From QuUlaja-bark. — This, according to Le Beuf, ia the beat material for pre- 
paring saponin for technical purposes. . The same process as in A 1 (Le Beuf); or 
the aqueous extract is boiled with alcohol ; the liquid is filtered at the boiling heat ; 
and the white flocks, which fall down on cooling and concentration, are purified by 
solution in alcohol, with aid of animal charcoal. (Henry and Boutron, Bley.) 

C. From the seeds of the Corn-cockle ( Agrostemma Githago). — 1. The coarsely pul- 
verised dry seeds are freed from fixed oil by repeated exhaustion with ether, then by 
once exhausting with cold alcohol of 92° Tralles ; the residue is boiled several times 
with alcohol of 84° Tr. ; the liquid is filtered at the boiling heat ; and the saponin 
which separates on cooling is collected, an additional quantity being obtained by 
mixing the mother-liquor with absolute alcohol. The whole of the saponin thus 
obtained is dissolved in water; the solution is filtered to separate vegetable gelatin, 
then precipitated with neutral acetate of lead; the precipitate removed; the filtrate 
precipitated with basic acetate of lead ; the latter precipitate, after thorough washing, 
decomposed under water by sulphydric acid; and the limpid filtrate evaporated to 
dryness, or precipitated with absolute alcohol (Scharling). — 2. The aqueous extract 
of the seed is precipitated with sulphate of copper; sulphydric acid is passed through 
the filtrate; the liquid again filtered, then digested with carbonate of barium; the 
resulting barium-salts precipitated by alcohol and separated by filtration ; and the 
filtrate either strongly concentrated (in which case the saponin is to be precipitated 
by absolute alcohol), or evaporated to dryness, and the residue boiled with alcohol of 
93° Tr. Saponin thus prepared contains a small quantity of baryta (Scharling). — 
3. Crawfurd digests the pulverised seeds with warm aqueous alcohol, evaporates the 
liquid to a syrup, mixes it with wood-charcoal, and dries it completely. The saponin 
is extracted from tho residue by boiling with alcohol. 

D. From Horse-chestnuts. — The pulverised seeds are exhausted with cold alcohol, 
and' the alcohol is distilled from the tinctures. The yellowish jelly which remains 
consists, for tho most part, of saponin, mixed with fat, a bit ter erystalli sable substance, 
and yellow-colouring matter; the fat may be removed by exhaustion with other. 
(Fr6my.) 

E. From Senega-root: Sonegin, Polygalic acid. — 1. Tho root is exhausted 
with cold water ; the extract concentrated, and filtered from the separated flocks con- 
taining sonegin and earthy salts; the filtrate precipitated with neutral acetate of load ; 
the liquid again filtered, freed from lead by sulphydric acid, and evaporated to an 
extract ; this extract exhausted with alcohol of 36° ; the tincture evaporated ; tho 
residue freed by ether from yellow-colonring matter and fat, then dissolved in water; 
the solution precipitated with basic acetate of lead ; and the precipitate washed and 
decomposed by sulphydric acid. Part of the sonegin then remains with the sulphide 
of lead, while another portion dissolves, so that: — a. The sulphide of lead is collected 
and boiled with alcohol; b. The liquid filtered from the sulphide of lead is evaporated 
to dryness, and tho residue is boiled with alcohol. The liot -filtered tinctures cooled 
ami left to evaporate, deposit senegin, which may be purified, if necessary, by re-solu- 
tion in alcohol and treatment with animal charcoal (Quo venue). Senega-root 
exhausted with water still yields sonegin when boiled with alcohol, tho tincture depo- 
siting the senegin when cooled or concentrated. It is purified from fat by ether, then 
with basic acetate of lead, as above (Quevenne). — 2. Bolley precipitates the aqueous 
solution of officinal extract of senega with neutral acetate of lend ; collects and washes 
the precipitate; decomposes it with sulphydric acid ; evaporates the filtrate to dryness; 
boils the residue with alcohol; evaporates the tincture ; treats the residue with ether; 
dissolves the portion not taken up by the ether in water ; precipitates the solution with 
basic acetate of lead ; decomposes the thoroughly-washed precipitate under water with 
sulphydric acid ; evaporates the filtrate ; and purifies tho senegin which remains by 
repeated solution in boiling alcohol and cooling. 

Properties . — Saponin is a white or nearly white, nonerystalline, friable powder, 
having a peculiar aromatic odour (Quevenne), inodorous when dry, but having a 
disagreeable odour when dissolved in water (Scharling). The dust excites violent 
sneezing. It tastes sweetish at first, then burning and biting, and produces a persis- 
tent scratching sensation in the throat. A drop of tho aqueous solution introduced 
into the eye produces violent burning pain, ana dilatation of the pnpil. Saponin is 
generally said to. be neutral to vegetable colours ; but senegin, according to Quevenne, 
is acid. It acts poisonously on the smaller animals. 

The following are analyses of saponin : — 
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Rochleder 

Overbeck. 

Bolley. 

Crawford. 

Roch- 

Payr, 

Que- 

BoUey. 



and Schwarz. 



leder. 


venne. 





mean 

mean. 


mean 

mean 

Senegin. Senegin . 



at 100°. 

at 100°, 



at 100°. 

at 100° 










in vacuo. 



Carbon 

50*0 

62*54 

46*81 

49-10 

50*72 

52*64 

53-17 

54-62 

53*58 

Hydrogen 

74 

7*26 

7*51 

6-88 

7*44 

7*37 

7-57 

7-53 

6*23 

Oxygen 

42 6 

40-20 

45*68 

44*02 

41*84 

39*99 

39-26 

37*85 

40*19 


10(H) 

100*00 

100*00 

100*00 

100*00 

100*00 

100*00 

10000 

100*00 


From these discordant results, it is impossible to deduce a formula with certainty ; 
an<l aaponin docs not form any definite compounds by the composition of which the 
analyses might be checked. Roohleder and Schwarz propose for saponin the formula 
C lz II 20 O 7 , which requires 52*17 G\ 7*24 IT, and 40 59 O; Rochleder and v. Payr give 
for saponin, dried at 100°, requiring 52*97 C, 7*31 H, and 39*72 0. The 

analyses of senegin agree more nearly with C 9 II lv: 0 5 , requiring 54 C, 6 H, and 40 O ; 
but as neither this substance nor saponin from other sources has been obtained jn h 
perfectly definite state, and as their properties and products of decomposition are 
essentially the same, it is most probable that senegin is identical with saponin. 

Saponin dissolves in water , forming a frothy solution, more easily in dilute than in 
strong alcohol ', and is insoluble in absolute alcohol, in ether, and in volatile oils: the 
alcoholic solution does not froth. It is not altered by cold dilute acids, and does not 
unite with them. It dissolves slightly in cold ammonia and potash, more easily in the 
same liquids when warm. A solution of saponin in 4 pts. of water forms with baryta - 
water a white precipitate, soluble in excess of saponin or of baryta- water (Bussy); 
insoluble or nearly so in baryta-water, but easily soluble in pure water (Rochleder 
and Schwarz). With neutral acetate, of lead , snponiu forms a gelatinous precipitate; 
and on boiling the filtrate, a further precipitate of pulverulent character is obtained, 
which swells up during washing. It likewise precipitates basic acetate of lead. 

Decompositions. — 1. Saponin submitted to dry distillation swells up, blackens, and 
yields a largo quantity of acid cmpyreumatic oil. — 2. Boiling nitric acid attacks it, 
forming a yellow rosin, mucie acid, and oxalic acid. 

Saponin is decomposed by dilute mineral acids , slowly in the cold, more quickly 
wlu'ii heated, into a carbohydrate and a white precipitate, called sapogenin by Bolley, 
fesculic acid by Frumy, and regarded by Rocmnder and Schwarz as identical with 
quinovin (p. 32), The composition of this substance has not boon precisely ascer- 
tained, as its analyses give results varying from 56*9 to 63*2 per cent, carbon, and 8*5 
to 8*9 hydrogen ; and accordingly various equations have been proposed to explain its 
for. nation from saponin. According to Kochlcder and Schwarz, the reaction is: — ■ 
2C ,2 II*°0 T = C IZ II IB 0 3 + C ,2 IP 2 O n 

Saponin. Quinovin. Carbohydrate, 

according to Overbook : — 

C 2, H 3H O la = 0 B H M O 9 + C 12 H 24 0 12 

Saponin. Saporetin. Carbohydrate. 

according to Bolloy : — 

2C'*II 24 O> 0 + 5H 2 0 = C 12 II lfl O s + 4C fl H ,0 O 4 . 

Saponin. Sapogenin. Carbohydrate. 

According to Rochleder and v. Pa^r (Wien. Akad. Ber. xlv. 7), saponin, wlieu 
decomposed by acids, is capable of yielding various products of decomposition, 
according as, of the 6 at. carbohydrate which it may bo supposed to contain, two, more 
than two, or the whole aro separated. The products resulting from partial separation 
are obtained by the action of aqueous acids, but complete decomposition is produced 
only by the action of alcoholic hydrochloric acid (Rochleder and v. Payr). Ac- 
cording to this, only the crystals described under d are the true sapogenin. 

a. The product obtained from saponin, C 94 H los 0 3 \ by elimination of 2 at. carbohydrate 
(C 8 H ,2 0*), is perhaps Fr6my’s icscuiic acid (i. 59), as it agrees in amount of carbon 
with the formula C 5 -H H> 0* 4 (calc. 57*25 per cent. O and 7*52 H). (Rochleder.) 

b. Saponin purified with baryta- water yields, when heated with aqueous hydrochloric 
acid, 53*1 per cent, sugar, and gelatinous flocks, which, when dried at 100°, contain, 
on the average, 65 per cent. C and 8*64 H, agreeing nearly with the formulae C^H^O 24 
(calc. 62*66 per cent. C and 8 09 H). In this case the decomposition takes place 
chiefly in the manner shown by the equation : 

C 6, H 108 O 28 + 2H*0 = C M H 62 0 M + 4C®H ,2 0« 

(calc. 49*62 per cent. C ,2 II ,2 0 12 ). 

c. By prolonged boiling with aqueous hydrochloric acid, 62*66 per cent, sugar and a 
jelly, C ,4 H w O* l are obtained (calc. 67*55 per cent. C and 8*61 H): 
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C 84 H 108 O M + 3H*0 « C* 4 H w O* + GCFH^O 8 , 

(calc. 69*8 per cent. C l2 H , *0'*). 

d. When the flocks which separate on boiling saponin with aqueous hydrochloric 
acid, are dissolved in anhydrous alcohol, and hydrochloric acid gas is passed for several 
hours through the boiling solution, white crystals, C 3 *H 42 0 4 , are deposited, produced 
by complete resolution of the saponin (Rochleder and v. Pay r) : 

C s4 R ,0 *O M + 4H 3 0 » C 28 H«0 4 + 6C 9 1I 13 0*. 

These crystals, after reerystallisation from alcohol and drying at. 100°, contain, on 
the average, 75*78 percent. C, 9 76 H, and 14*4G 0 (calc, for C f, *H 4a O\ 76*02 per cent. 
0, 9*50 H, and 14*48 O). They are insoluble in water, dissolvo sparingly in cold, 
easily in hot alcohol, and are nearly insoluble in aqueous potash, Prom the easily- 
produced solution in alcoholic potash, aqueous potash throws down almost the whole 
of the compound of sapogenin and potash, which gives up its potash during washing. 
(Rochleder and v. Pay r.) 

The carbohydrate produced together with sapogenin, is insoluble in alcohol at the 
moment of separation, and is converted into dextroglucose only by tho prolonged 
action of hot acids. (Rochleder and v, Payr.) 

When saponin from horse-chestnuts is treated with potash-icy, a compound of potash 
with a yellow-colouring matter contained in tho saponin is first formed ; afterwards 
sapogon in-potash (aesculato of potassium), from the solution of which the sapogenin is 
thrown down by acids (Fr5my). Saponin from soapwort treated in like manner does 
not yield sapogenin (Fr6my). Aqueous saponin boiled with potash-ley, then mixed 
with hydrochloric acid, yields a white, tolerably abundant, non-gclatinous precipitate of 
sapogenin (CJuovnnnc). Saponin mixed with potash-ley and evaporated turns brown, 
and the residue forms, with water, a brown solution, from which acids do not precipitate 
Fremy’s aesculie acid (Rocliledor and Schwarz). By the action of potash upon sapo- 
nin, a finely-crystallised add and an amorphous substance art* obtained, the latter being 
resolved by hydrochloric acid into two products. (Rocliledor and v. Payr, Wien. 
Akad. Per. xxiv. 42.) 

Saponin boiled with an alkaline solution of cupric oxide, throws down a small quan- 
tity of cuprous oxide (Bolley). Accorilingto Seharling, it forms, with cupric sulphate 
and potash, a blue-green precipitate, without reducing the cupric oxide. 

SAPOHZTE. Syn, with Soapstone. 

8APORETZN. C*H H 0*? The substance produced, according to Overbeck, 
together with sugar, by boiling saponin with dilute acids (p. 194). 

SAPPERS:, SAPPARZTE. Syn. with Kyanite (iii. 419). 

SAFPZXXRX3. See Corundum (ii. 86). Devillo and Caron have produced sap- 
phires artificially, by exposing a fluoride of aluminium mixed with a little fluoride of 
chromium to a white heat, in a crueiblo made of alumina and enclosing a small plati- 
num dish containing boric anhydride. (Conipt. rend. xlvi. 794 ; Jahrosb, 1858, p. 2.) 

SAPPHZRE-QVARTZ. Qu artz from GoJling, in tho Salzburg territory in 
Upper Austria, coloured blue by admixed crocidelite. 

SAPPBZRZP. A hard blue mineral occurring, with mica and anthophyllife, at 
Fiskenaos, in Greenland Its structure is granular massive; hardness = 7 8 ; specific 
gravity = 3 12 — 3’48 ; lustre vitreous. It is translucent, and exhibits colours by 
polarised light ; probably trimetric. — Analysts: a. by Stro mayor (Gilb. Ann. Ixiii. 
374); 5. by Damour (Bull. Geolog. do Fr. [2], vi. 315): — 


SiO 9 . 

Al a 0 3 . 

m b o. 

FeO. 

MnO. 

CaO. 

L«8ii by 
ignition. 


14*51 

14*86 

63*10 

63*25 

16*85 

19*28 

3*92 

1’99 

0*53 

0*38 

0*49 = 

99 78 
99 38 


These results agree approximately with the formula (2AFO*.3SiO a ) . G(MgO.APO“). 

8APROCHROME. Sa p rocya nogen. Sa procyan in (from trcarpSs putrid, colour, 

kvovos blue). A blue or red colouring matter, produced by the putrefaction of certain 
Oscillator ice. (Necsv, Esenbeck, Ann. Ch. Uharm. xvii. 76; Haudw. vii. 21 i.) 

SAPUCAIA. Jjccythis urn iy era. — A Brazilian tree of the myrtaceous order, 
producing a bottle-shaped fruit. The juice (mpucaia-wine), which flows from incisions 
in old trees, contains in 1009 pts. : 91*2 pts. free acetic acid, 27*4 uncryHtallisable sugar, 
39 iron-blueing tannin, 40*0 gum and extractive matter, with traces of gallic acid, 9 9 
potassic and calcic acetates. The shell of the fruit contains a tannin (lecytliitannic 
acid), which appears to be related to quercitannic acid, and in the older fruits is con- 
verted into a brown substance (sapm aia - brown ), soluble in hot water and in alcohol. 

o 2 
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The fatty oil of sapucaia-nuts, amounting to about 39 per cent, is non-drying, and 
resembles oil of almonds. (Peokolt, J. Pharm. [4] i. 319.) 

BA&ACElflA, The root and leaves of Saracenia purpurea (a plant of frequent 
occurrence in Canada and the northern states of the American Union, and recommended 
as a remedy against smallpox) contain, besides the usual plant-constituents, a volatile 
acid (acrylic acid) and 018 per cent, of a base (not yet, examined) which smells lilt© 
couine, and is volatile at ordinary temperatures. (Bjorklund and Dragendorff, 
Russ. Zcitsehr. Pharm. ii. 317, 344, 369.) 

BARCINE. CHUNK). (Strecker, Ann. Ch. Pharm. cii. 294; cviii. 129.) — 
A weak organic base, existing in the juice of muscular flesh. It is isomeric with Sche- 
rer's hypoxanthine, and Scherer is of opinion that the two arc identical. According to 
Strecker, however, sarcino is distinguished from hypoxanthine by its crystalline cha- 
racter, its greater solubility in water and in cold hydrochloric acid, and by not being 
decomposed when dissolved in nitric acid. Probably hypoxanthine is impuro surcine, 
or a mixture of that substance with xanthine (q. v.). 

Surcine is found in the mother-liquor of the preparation of creatine. It has hitherto 
been obtained only from tho flesh of oxen and horses ; 100,000 pts. of beef yield 22 pts. 
of sarcine. Human urino sometimes contains a body which is perhaps sarcine, and 
perhaps also guanine, CHUNK) (= sarcine + Nil). 

Preparation.- - Sarcine is separated from the hot. dilute mother-liquors obtained in the 
preparation of creatine, by precipitation with cupric acetate (or better with silver-nitrate). 
Tho precipitate, which contains a compound of sarcino with the metallic oxide or salt, 
together with foroign substances, is washed on a filter with boiling water and decom- 
posed by sulphydric acid ; the filtrate is evaporated; and tho coloured sarcine which 
separates is purified by solution in hot water, with addition of hydrate of lead, precipi- 
tation of the filtrate with sulphydric acid, aud evaporation. 

Properties,- Sarcine separates from aqueous solution as a white indistinctly crys- 
talline powder, which does not molt at 150°, but decomposes at higher temperatures, 
giving off hydrocyanic acid anil a white sublimate (cyanuric acid?) It dissolves in 
300 pts. of cold and 78 pts. of boiling water, and in 000 pts. of boiling alcohol. The 
solutions do not. redden litmus. In hydrochloric acid, potash, ammonia, and baryta- 
water, it dissolves more easily than in water. Strong sulphuric acid .and nitric acirl 
also dissolve it easily, without colouring or evolution of j_as ; but when evaporated with 
excess of nitric acid, aud somewhat strongly heated, it yields a yellow residue, which is 
turned rod by potash : this reaction is likewise exhibited by hypoxanthine, guanine, 
and xanthine. 


. Sarcino forms definite compounds, both with acicls and with metallic bases. A solu- 
tion of sarcine in boiling hydrochloric acid yields colourless, nacreous, tabular crystals 
ot the hydrochforate , CHUNK). HC1. IUO. -Tho tfA/urop/a//im<r,2(C 5 H , N l O.HCl)I > tC] 4 f 
is a yellow crystal lino precipitate. — The nitrate forms transparent crystals, resembling 
acetate of sodium, which become opaquo on exposure to tho air, and are turned milk- 
white and decomposed by water. Tho sulphate is precipitated by alcohol from a solu- 
tion of sarcine in strong sulphuric acid, in needle-shaped crystals, likewise decomposi- 
te by water.- Urate of Sarcine, CHUN'O.CHUNW, is precipitated by urate of potas- 
nlVrj v/uv-" t ,* ie hydroehlorato. It is distinguished from xanthine, 

\ J1 N w ' <h whu ’ h lfc 13 polymeric, bythe behaviour of its nitric acid solution with 
nitrate of silver forming therewith a copious white precipitate, which dissolves but 
? ? a *' • 6 Coding heat, whereas the solution of xanthine in nitric acid is not precipi- 

tated by nitrate of silver. 


A solution of sarcine in boiling baryta-water mixed with a cold- saturated solution of 
baryta, deposits the compound, CHIKUO.Ba'HW, in colourless crystals. Prom solu- 
tion in caustic potash , sarcino is for the most part precipitated by carbonic acid. The 
compounds of sarcino with zinc-oxtfe, cupric, oxide, and mercuric oxide , are flocculent 
preeipi a os, insoluble m water. With nitrate of silver, sarcine forms a whit© flocculent 

wi;r'V{L e, ' nS01lb -' aoid ’ and crystallising from hot nitric acid in scales 

havmg the compos, Mon CHUNK). AgNO* An ammoniaeal solution of nitrate or ehio- 

( if 1 1? i n V n ? lS i . W 1 1 ^ S0 u ^ 10n of sarcine, a gelatinous precipitate consisting of 

.. llN w,mh contracts strongly in drying, and is insoluble in ammonia. These 

aircinU™ 1 ° S be UStd ^° r ^ le P ur di cation and quantitative estimation of 


A B " m ‘ rfsin ? ,,! ' 0tcd in Ethiopia and at the Capo of Good Hope, 
probably from Pa, or, a murronata, P. Sarcacol/a, and P. squamosa. It forma yellow 
liregular grains ot various size, and more or less aggregated; is inodorous' has a 
sharp and sweetish-bitter taste ; swells up strongly when heated without completely 
molting ; and burns with an odour like that of cornel. It eonsisTs ehUfly of rosily 
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gum, and sarcoeollin, a body resembling glycyrrhizin, which maybe separated 
by extracting the resin with ether and treating the residue with alcohol, which 
dissolves the sarcoeollin and leaves the gum. ' 

Sarcoeollin remains, on evaporating the alcoholic solution, as a brownish, semitrans- 
parent, amorphous mass, which has a sweetish and afterwards bitter taste, softens 
without melting when heated, and finally burns away, almost without residue, emitting 
an odour of burnt sugar. It dissolves in 40 pts. of cold and 25 pts. of boiling water? 
Its solution, saturated when hot, deposits a syrupy liquid no longer soluble in water (n 
property which seems to indicate that sarcoeollin is a mixture). Alcohol dissolves it 
in almost all proportions, forming a solution which is clouded but not precipitated by 
water. Sarcoeollin contains, according to Pelletier (Ann. Ch. Pharm. vi. 32), 57*13 
percent, carbon, 8*34 hydrogen, and 34*31 oxygen. According to Johnston, it is 
a mixture of several resins, which may he separated by bases. Acetate of lead throws 
down from the alcoholic solution, a lead-salt containing the compound C 20 Il 40 O 8 ; and 
the filtrate yields with ammonia a further precipitate, which has not been analysed. 

SAJtCOCOliXinr. Seo the last article. 

SARCOXiXTZi. A mineral from Vesuvius, occurring in small flesh-coloured or 
reddish-white quadratic crystals, exhibiting the combination P. IP. 3P. «?P. Pao . 
ooPoo i ooP. 3P3. P3, the last occurring hemiliedrally, as a pyramid of the third order. 
Angle oP : P = 128°4.V; oP : Pco = 13S°27' (Rammelsborg, Pogg. Ann. oix. 570). 
The crystals are translucent, and have a vitreous lustre. Hardness = 5*5 to 0 «>. 
Specific gravity = 2*545 (Scac.chi); 2*932 (Rammelsborg). Melts before tho 
blowpipe to a white enamel, and is decomposed by acids, with separation of gelatinous 
silica. 

Analyses: a. by Scacchi (Mem. min. o geol., Napoli, 1841 — 1813). — b. by lUra- 
melsborg ( loc . cit.)i 

SiO* Al z O a CaO Na*o K*0 

a. 42 11 24*50 32 43 2 93 « 101*97 

5. 40*51 2154 32*36 3*30 1-20 =* 98-91 


Rummelsberg’s analysis maybe represented by tho formula 3[2(Ca"0 ;Na*0 ;K 2 0).8i() 2 '|, 
(2Al 2 0 , .Si0*) or 3(Ca" ; Na 2 ; K a ) 2 Si0\Al 4 Si*0 12 , included under the general for- 


mula of garnet, 3M 4 Si0 4 . Al 4 Si 5 0 12 . For 6 at. SiO* 2 at, APO 3 , 5; 4 at. Ca"0, and 0*6 
at, Na 2 0, the formula requires 40'41 per cent, silica, 22-45 alumina, 33*05 lime, and 
4 09 soda. 

The tiamo sarcolito was also applied by Vauquelin to gmelinite. 


112 Jn 

SABCOSEN’E. C 3 H 7 N0 2 — Methyl-glycocinc, C 2 II 4 (CH*)N0 2 = (C 2 H 2 0)'> rr 

C1F ) 

(Liebig, Ann. Ch. Pharm. lxii. 310. — Dessaignes, Oompt. rend. xli. 1258. - 
Vo 1 hard, Ann. Ch. Pharm. cxxiii. 261.) — A weak organic base, motameric wilh 
alanine, lactamic acid, and urethane or etliylic carbamate. It is produced: 1. Together 
with urea (carbamide), by the action of baryta on crcaiino: 


C 4 H M N s 0 3 = C s II 7 N0 2 + CII 4 N ? 0. 

Creatine. Sarco*ine. Urea. 


The urea may be detected in the liquid during tho progress of tho reaction, but is 
almost immediately resolved into carbonic acid and ammonia (Liebig). 2. JJy the 
action of methy lamina on monoehloracetic acid, just as glycoeinu is formed by treating 
that acid with ammonia (V olhard) : 

CWCIO 2 + CIPN « IIC1 + C 3 IFN0 2 . 

Preparation. — l . Ten parks of baryta-crystals (free from potash, soda, lime, chlorine, 
and nitric acid, which substances are difficult to separate from sarcosine) are added to 
a boiling saturated solution of 1 pt. of creatine in water, the mixture being kept boiling 
and the water and baryta renewed, as long as ammonia continues to escape, and a 
precipitate of barytic carbonate to form; the liquid is filtered from this precipitate ; 
the caustic baryta precipitated by a stream of carbonic acid gas, and the filtrate eva- 
porated to a syrup : this syrup, when set aside, solidifies to a heap of transparent and 
colourless crystalline laminae. To purify the product, the mass is dissolved in excess 
of dilute sulphuric acid ; the solution evaporated to a syrup over the wati-r-batli ; Mm* 
syrup mixed with alcohol by stirring the two together with a glass rod, till the mixture 
is converted into a white cyrstalli no powder of sulphate of sarcosim-; the powder is 
washed with cold alcohol (which dissolves out a substance resembling urethane], 
dissolved in water, and heated with carbonate of barium till the Jiyuid becomes neutral, 
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and the filtrate Is evaporated over the water-bath to a syrup, which crystallises in 24 
to 36 hours. 

2. Ethylic' ehloracetato is heated in a sealed tube to 120°— 130°, with excess of con- 
centrated aqueous methylamine, whereby the chloracetic acid is completely decomposed, 
and hydrochlorate of methylamine is produced, together with sarcosine. The liquid is 
then boiled with baryta-water till the whole of the methylamine is distilled off, and 
the remaining solution is freed from baryta by sulphuric acid, and evaporated to a 
syrup. Hydrochlorate of sarcosino then separates in a crystalline mass, which must 
be pressed between paper and dissolved in boiling alcohol, whence it separates in 
shining needles. On decomposing this salt with carbonate of silvor, treating the filtrate 
with animal charcoal, and evaporating, sarcosino separates in crystals after a 
fow days. 

Properties. — Sarcosine forms trimetric crystals, ooP. Poo , with the faces P and oP, 
less frequent and but slightly developed. Anglo cop : c»P *= 77^ (Iiopp). They 
are rather large, colourless, and perfectly transparent, very soluble in water, slightly 
soluble in alcohol, insoluble in ether. They proserve their appearance unaltered at 
100°, but melt at a higher temperature and volatilise without residue. 

Sarcosino heated with soda-limo gives off methylamine. The aqueous solution of 
the sul p hat o is decomposed by peroxide of lead, with brisk effervescence, yielding an 
alkaline solution, which contains methylamine. (Dessaignos.) 

The aqueous solution of sarcosino is neutral to vegetable colours, and has an acrid, 
sweetish, slightly metallic tasto. It does not precipitate a solution of silvor-nitrate or 
mercuric chloride; but a crystal of sarcosine introduced into a cold saturated solution 
of mercuric chloride dissolves roadily, and soon forms numerous delicato needles of a 
double salt, which ultimately converts the liquid into a solid mass. A solution of 
cupric acetate is coloured dark-blue by sarcosine in the same manner as by ammonia, 
and the liquid yields by evaporation thin laminae of a double salt having tho same 
colour. 

Hydrochlorate of Sarcosine. — Sarcosine evaporated with hydrochloric acid yields a 
white mass, which crystallises from alcohol in small transparent needles. Tho solution 
mixed with excess of platinic chlorido, yields, by spontaneous evaporation, large, honey- 
yollow, octahedral segments of a platinum-salt, which, when freed from excess of platinic 
chlorido by washing with ether and alcohol, contains 2(C 3 H , N0 2 .HCl).PtCl 4 .2H ,J 0 : 
it gives off its water at 100°. 

Tho sulphate , 2C a Il 7 N0 8 .H*S0 4 , preparodas above (p. 198), dissolves in 10 to 12 pis. 
of boiling alcohol, and separates on cooling in transparent, colourless, highly lustrous, 
four-sided plates, resembling chlorato of potassium. It gives off its water (6*8 per 
cent.) at 100°, dissolves readily in water, forming an acid solution, vory slightly in 
cold alcohol, From tho aqueous solution it crystallises in largo plumose lamina?, 
(Liebig.) 

SARD. A deep brownish variety of chalcedony, of a blood-red colour by trans- 
mitted light. 

SARDACHATES. Tho ancient namo of a variety of agate, containing layers of 
sand or cornelian. 

SARDONYX. Onyx consisting of layors of sand and white chalcedony. 

SAJEtSikPARIXi !■ 41-ROOT. Tho root of the South American Smilax Sarsa- 
parilla, Sm . syphilitica , or Sm. officinalis, and probably of other species of tile sumo 
genus. It contains, besides gum, starch, &c., a poculiar substance, variously designated 
us paralliu, pariglin, parallic acid, salsaparin, sarsaparillin, and 
smilacin. 

SARSAPARILLIN . This substance, first extracted from sarsaparilla by Pa 1 1 o t a 
(Scliw. J. xliv. 147), and farther studied by Poggialo (Ann. Ch. Pliarm. xiii. 84), 
Thubouf (ibid. xiv. 76), and Petersen (ibid. xv. 74 ; xvii. 166), is deposited in the 
crystalline form from the concentrated alcoholic extract of the root, previously 
decolorised by animal charcoal, and may bo purified by re crystallisation. It forms 
colourless inodorous needles, very soluble in water and alcohol at the boiling heat, less 
soluble at ordinary temperatures, soluble also in ether and volatile oils, slightly soluble 
in fixed oils. The solutions' froth when agitated. The crystals contain 8 56 per cent, 
water, which they give off at 100°. Tho dried substance gives by analysis from 62*1 
to 63 6 per cent, carbon, and 81 to 9 8 hydrogen. Sarsaparillin is decomposed by nitric 
acid. Strong sulphuric acid dissolves it with deep red colour, changing to violet, and 
ultimately to yellow. Water precipitates it unaltered. (See Pariglin, Handw . d. 
Cht 7)i. vi. 94.) 

SASgATRAS-OIL. A v olutjIu oil obtained from the bark and wood of the root 
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of Ijaurus Sassafras. It has a faint yellow colour, a peculiar odour like that of fennel, 
and an acrid taste. Specific gravity = 1*09. When distilled, it begins to give off 
vapour at 115°, but the boiling-point quickly rises to 228°, where it remains stationary, 
and a slightly brown-yellow residue remains in tlie retort. 

Oil of sassafras. is a mixture of two bodies. When exposed to a freezing mixture 
(composed of 12 pts. ice, 5 pts. common salt, and 5 pts. nitrate of ammonium), it 
becomes filled with bulky crystals of a camphor or stearoptene, containing 73*9 per 
cent, carbon and 6*4 hydrogen, agreeing nearly with the formula C ,t, U" > 0-. Vapour- 
density of the crystals : obs. = 6*800— 6*956 : calc. = 6*67. 

Bromine acts stronglyon oil of sassafras, hydrobromic acid being copiously ovolved, 
ami a crystalline mass formed, consisting of C^IPBi^O 3 . The action of chlorine is less 
definite. According to Faltin (Ann. Cli. Pharm. lxxxvii. 376), it eliminates a large 
quantity of hydrochloric acid, and forms a viscous mass, which, when neutralised with 
milk of lime, yields a small quantity of common camphor (perhaps formed from the 
liquid which, together with tho crystallino compound above montioned, constitutes oil 
of sassafras). 

Pentachloride of phosphorus attacks oil of sassafras strongly, and the product 
distilled in an oil-bath yields at 238° an oily liquid, holding in solution phosphoric 
oxychloride, from which it may bo freed by washing. When purified by rectification 
over massicot in a current of carbonic anhydrido, it contains C 10 HCl B O*. (St. JSvro, 
Ann. Ch. Phys. [3] xii. 107.) 

Oil of sassafras is inflamed by fuming 7iitric acid; with acid of ordinary strength it 
forms a yellow resin ; with dilute nitric acid it yields oxalic acid. 

Sulphuric anhydride , or strong sulphuric acid t attacks the oil violently, often setting 
it on fire. The product is a red rosin, often accompanied by deposited carbon 
(see Sassauujirin) ; on diluting with wator, and saturating with carbonate of barium, 
a resinous salt, is obtained. Tho oil subjected to tlio prolonged action of a current of 
sulphurous anhydride , turns yellow, and becomes hot, tho colour afterwards changing 
to green, and finally to orange -yellow. Sulphur is then deposited, awl the liquid, 
when left at rest, separates into two layers, tho upper consisting of un decomposed 
sassafras- oil, and tho lower of a new oil distilling at 235°, and consisting, according to 
St, Evro, of C ,0 lI ,fl O 3 . 

When oil of sassafras is passed through a rod-hot tube, or over potash- lime, naph- 
thalene is produced, together with phenol. According to St. Evro, it may be distilled 
without alteration over phosphoric anhydrido, chloride of zinc, potassium, ora mixture 
of sulphuric acid and di'chrormite of potassium. 

SASSAFRAS-ROOT. The root-bark of Laurus Sassafras, a North-Amoricau 
tree, contains, according to Kcinsch (Report. Pharm. xxxix. 180), in 100 prs.,fW> pts. 
of substances extractable by ether (light and heavy essential oil, camphoroidal and 
tallow-like substance, balsamic resin and wax), 1 6*0 pts. by strong alcohol (consisting 
of 9*2 sassafrid and 6*8 tannic acid), C*8 pts. by weaker alcohol (gum, sassafrid, ami 
tannic acid), 3*6 by cold water, 6*4 by boiling water, 289 by potash-ley, and 33*7 pts. 
vegetable fibre. Tho wood of tho root contains similar constituent*, but in mueh 
smaller quantity. 

SASSAFRID, A constituent of tho root -bark of Laurus Sassafras, which may 
be extracted by alcohol, after the bark has been freed by ether from volatile oil, 
wax, &c. The sassafrid is separated from the alcoholic solution by water, and when 
recrystallised from alcohol, forms yellow-brown crystalline grains, which easily make 
marks like chalk, and have neither taste nor smell. When heated in the air it 
swells up, emitting a pungent odour ; by distillation it gives oil* white vapours, con- 
densing to a white powder, which forms a blue-green precipitate with ferric salts. Cold 
water has but little action on sassafrid ; hot water forms a red-brown solution, which 
becomes turbid on cooling. In ether sassafrid dissolves slowly, with wine-yellow 
colour; nitric acid converts it into oxalic acid and an oily body. The concentrated 
solution of .sassafrid is precipitated by lime-water, baryta-water, and various metallic 
salts; dilute 'sulphuric and nitric acids render its colour lighter ; tincture of galls and 
ferrocyanide of potassium have no effect upon it. 

BABBAVRZV. See Sassarubrin. 

BABBA-OTTM. Pscu do - 1 r ague a nth. A gum obtained from Inga Sassa, an 
Abyssinian plant. It swells up in water, like gum-tragacanth, but does not form so 
thick a mucilage. It is also mixed with a much greater proportion of starch-granules, 
so that it is coloured dark-blue by iodine. 

SASBAFARILLA. Syn. with Sarsaparilla. 

BA8BARVBRIV. A rosin produced, according to Hare (Sill, Am. J. xxxiii. 
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285), by the action of sulphuric acid on sassafras-oil. When equal volumes of alcohol, 
sulphuric acid, and sassafras-oil are heated together, a red tumefied mass is formed, 
consisting of a compound of sassarubrin and sulphuric acid ; and on treating this resin 
with ammonia, and washing, sassarubrin remains as a tasteless mass, which is soluble 
in alcohol and in ether, and colours sulphuric acid red, even in small quantity. 
Precisely similar actions are exhibited by the oils of cloves and cinnamon . 

When the oily mixture of sulphuric acid, alcohol, and sassafras-oil is heated, there 
is evolved at first a yellowish liquid, designated by Hare as sassafrin, which, when 
freed from sulphurous acid by ammonia, and from admixed ether by heat, is neutral, 
and has an odour different from that of sassafras-oil. 

BABBOJ»XN t or BASBOZiZTE. Native boric acid, J3H 3 0 3 , occurring more or 
less pure in irregular six-sided laminae belonging to the trieiinic system, or as a crust, 
or in stulaetitic forms composed of small scales. It is white, or yellowish (when 
tinged by sulphur), has a nacreous lustre, a specific gravity of 1*48, and is easily 
friable. It occurs, as a deposit from hot springs or ponds, in the lagunes of Tuscany, 
abundantly also in tiio crater of Vulcano, ono of the Lipari Isles, forming a layer on .. 
the sulphur ; it was first found near Basso, whence its name. 

8ATBRSBXSRGXTB. This name has boon given to native arsenide of iron, 
PeAs a , from Possum in Norway. 

SATURATION 1 . A liquid is said to bo saturated with a solid or a gas when it 
has taken up the maximum quantity of that solid or gas which it is capable of dissolving 
under the exist ing circumstances. Tho quantity of a salt, or other solid, which a given 
liquid is capable of dissolving, depends upon its temperature, and, for the most 
part, increases with the temperature, so that a solution saturated at a given tem- 
perature is no longer saturated at a higher temperature, and, on tho other hand, 
deposits a portion of the dissolved solid when the temperature falls. 

Tho quantity of a gas which a liquid can dissolve depends upon both temperature, and 
pressure, increasing for tho most part directly with the pressure, and diminishing as 
tho temperature rises, so that a solution saturated at a given pressure and temperature 
gives off a portion of tho gas when the pressure is diminished, or the temperature rises. 
(Bee Cl a.sks, Ahsoeiptiox of, ii. 7 ( J0.) 

With reference to the composition of salts, tho word saturation is equivalent to 
neutralisation, an acid being said to be saturated witli a base, when it unites with tho 
quantity ‘of that base required to form a neutral or normal salt. 

SATURATION, CAPACITY OP. A term employed by Berzelius to denote tho 
quanlity of oxygen which must bo contained in a baso in order to form a noutral salt 
with 100 pis. oy weight of an anhydrous oxygen-acid or anhydride. Thus, as in the 
neutral sulphates, the oxygen of the anhydrous acid is to that of the baso as 3 : 1, in 
the neutrul nitrates as 5 : 1, in tlm neutral carhonat.es ns 2 : 1, in tho acetates as 
3 : 1, &e. ; and as, moreover, 100 pts. of sulphuric anhydrido contain 60 pis. oxygen, 
100 pts. nitric anhydrido 74*07 oxygen, 100 pts. carbonic anhydrido 72*72 oxygon, 
100 pts. acetic anhydride 47'06 oxygen, &c., it follows that the saturating capacity of 

sulphuric acid is -^ = 20; of nitric acid — * —14*81 ; of carbonic acid 

3 47 . 0(J 5 2 

30*30; of acetic acid 3 - 15 00. 

8ATUSVV8. By this name the alchemists originally distinguished lead and 
its compounds, Acdum Saturni , Sttcokantm Satunn, ' Chits Saturni, &c,, probably 
because lead easily fuses with other metals, and devours them, us it were, as Saturn is 
said to lui vo devoured his children. 

SAUAX.VITX3. Syn. with Zoisira 

SAUX.DAJVTMAR, or Dkara Dammar , is tho name of a resin collected in the 
northern parts of Hindustan from the waul -tree, Skorca robust a. 

SAVSitniXTS. Lrmmitite. Felsitr, Jade tenner. Feldspath ten ace. Albife com - 
pacts. Bitterstciu. — A mineral allied to labradorite, occurring in crystallo-granular or 
compact masses, sometimes with labradorite, sometimes in place of it* as a constituent 
of cuphotidc, hyperstheiiilo, diabase, gabbro, and other similar rocks. It exhibits 
indistinct cleavage in two directions, parallel to the faces of a rhombic prism of *24° 
nearly. Hardness = 5*5 to 6 0, Specific gravity «= 3*2 to 3*4. Colour grey, greenish, 
reddish, or bluish. Pull, or with a faint lustre. ^ Subtranslueent. Fracture splintery 
to uneven. KxtremeJy tough. Before tho blowpipe it melts with great difficulty to a 
greenish -grey gloss, It is not acted upon by acids. 
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Analyses.— a. From the Lake of Genera (M. de Saussure, Journ. des Mines x\x 
205).— b. From tho same (Klaproth, Beitraye, iv. 271 ).—c. From Mont Genevre' 
greenish-white ; specific gravity » 2*65 (Boulanger, Ann. Min. [3] viii. 159V-- 

d. From the Orezza valley, Corsica: easily fusible before the blowpipe (Boul anger). 

e. From Switzerland: bluish-white ; specific gravity* = 3’ 365 (Hunt, Sill. Am. j’ 
[2] xxvii. 336).—/. From the euphotide of the Lake of Geneva: finely gran u Jo-crys- 
talline; greyish to bluish- white; specific gravity «= 3*227 (Fikenscher, Jahresb. 
1863, p. 811): 


Si 02 
a. 44 00 

Al 2 0* 

30*00 

Fe*02 

12*50 

Mn 2 0 3 

0*05 

CaO 

4*00 

MgO 

Na 2 0 

6*00 

K 2 0 

0*25 

Lost by 
ignition 


96*80 

b. 49*00 

24*00 

6*50 


10*50 

3*75 

5*50 

, , 

. , 

=. 

99*25 

c. 44*6 

30*4 

, , 


15*5 

2*5 

75 

, , 

. . 

8 

100*5 

d. 43*6 

32*0 

, , 


21*0 

2*4 

, , 

1*6 

, , 

a 

100*6 

e. 43*59 

27*72 

2*61 


19*71 

298 

3*08 

, . 

0*35 

t= 

100*04 

/. 45*34 

30*28 

1*37 


13*87 

3*38 

4*73 

• . 

0*71 

- 

99*68 


These analyses may be represented by the general formula 3(M 4 ; M 2 )Si0 < .2M 4 Si*0 ,, # 
similar to that of mejonito, which however contains no alkali. 

The name Saussurite has been extended to other constituents of the above-mentioned 
rocks, of similar character, but containing a larger proportion of silica (48 to 64 
per cent.) (Seo liammchberfs Mincrakhcmic, p. 605 ; and Jahresb, 1861, p. 
097.) 

SAVINE, OXXi or. SiUiebaumol , Sevcnbaitmol. — A volatilo oil obtained by 
distilling with water the berries and the herb of the savine ( Juniprrus Sabina). Ac- 
cording to Dumas, it is polymeric with oil of turpentine, C ,0 1P S . It is a nearly colour- 
less mobile oil, which partly resinisis on exposure to the air, becoming yellow and 
somewhat viscid. It has a pungent disagreeable odour, and a sharp, aromatic, camphor- 
like taste. Specific gravity = 0 91 to 0*94. Absolute alcohol dissolves it in all 
proportions; with 2 pts. of highly rectilied spirit it forms ft clear solution ; with 3 pts. 
or more, an opalescent solution. It detonates with iodine, and is converted by nitric 
acid into a reddish -yellow balsam. When mixed with an equal quantity of strong 
sulphuric acid, it yields, according to Wineklcr (Itepert. Pharm. [2 | xlii. 330), a 
fourth of its we ight of an oil, which after distillation over potash, is very inneli like oil 
of thyme. According to Zeller (N. Jahresb. f. Pharm. xii. 1), tho fresh herb of 
savine. yields 1^ per cent, of the oil; the dry herb 2 per cent. ; tho fresh berries 10 
per relit. 

8AVXTE. A mineral occurring in the gnbbro of Tuscany, forming thin dimetric 
prisms [trimetric, according to Breithaupt, Berg- u. hiittenm. Zeit. 1855, p. 223] of 
91° 41', colourless, transparent, having a hardness = 3*3, nnd specific gravity ■=* 
2150. Melts with great difficulty before tho blowpipe. According to Boehi (Sill. 
Am. J. [2 1 xiv. 64), it contains 49*17 percent, silica, I9 60 alumina, 13*50 magnesia, 
lu 52 soda, 1 23 potash, and G*67 water (= 100*65), agreeing approximately with tho 

formula (Mg*Na s )Si i 0®.Al 2 Si0 4 .2H*0. According to a new examination of tho 
crystals by Quint in o Sella (N. Oimcnto , March 1868), the formula agrees exactly 
with that of natrolite. 


SATNITE. Syn. with BisMxrTir-NiCJoa (i. 596). 

8CABXOSA. A genus of dipsaceous plants, three species of which have been 
chemically examined by Sprengel (J. f. techn. Chem. vih. 311, 373; ix. 1), with tho 
^ybwing results : — 


In 100 part*: 


Scabiota tuccita. 

Scabiota art crui*. 

Scabiota columbaria. 

Water . 


, . 


83*0 

80*0 



70*0 


Substances l^luble in water) 
and in caused potash | 


12*5 

13*0 



17*6 


Ash 

• 

• 


1*6 

11 



1*5 




Composition of the Ash in 1 00 parts. 






K j O 

Na 2 0 

CaO 

MgO APO 3 

Fe-O 3 

SiO 2 

SO* 


Cl 

Sc. succisa 

38*1 

49 

31*2 

4*7 0*2 

. . 

31 

5*4 

10*4 

1*8 

Sc. arvcjisis . 

40*7 

10 

29*4 

7*0 1*0 

0*9 

13*2 

1*0 

1*2 

3*5 

Sc. columbaria 

38*7 

13 

38*1 

5*6 0*6 

. . 

6*0 

2 9 

4*0 

2*6 


SCALES or FISHES AND AMFHI8IA. The chemical composition 
of the scales of fishes is similar to that of bone, but they contain a .larger pro- 
portion of organic matter. The organic constituent has, according to brainy, the 
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same composition as ossem, and is likewise converted into gelatin by boiling with 
water. The following table exhibits the composition of fish-scales as determined by 
Chevreul : — 



Lepisostea . 

Perea lab rax. 

Chetodon . 

Animal matter . 

41*16 

65*00 

61*42 

Basic calcic phosphate 

46*20 

37*80 

42*00 

Calcic carbonate 

10*00 

3*06 

3*68 

Magnesic phosphate 

2*20 

0*90 

0*90 

Fat 

0'40 

0*40 

1*00 

Sodic carbonate 

0*10 

0*90 

1*00 

Loss .... 

... . . 

1*94 



The ash of fish-scales has been analysed by Frdmy with the following results 

Ash Basic* calcic Mag nee Ic Calcic 

per cent. phosphate, phosphate, carbonate. 


Sealos of Lepisostea 

59*3 

61 8 

7*6 

4*0 

„ Umber-fish 

41*9 

36*4 

0*7 

20 

„ Pike. . . 

43*4 

42*5 

trace 

1*3 

Carp 

34*2 

33*7 

. . 

1*1 


Brummersliidt found in tlio scales of the carp, 60*352 per cent, cartilaginous substance 
(chondriu), and 39 468 inorganic matter, consisting of 34 074 calcic phosphate, 3777 
calcic carbonate, 1 000 magnetic carbonate, und 0*557 magnesia phosphate. 

The colours of fish-scales appear to be duo to interference. Tlio silvery coating of the 
scales of the bleak ( Cijprinus alburn us) is used for making artificial pearls. It is 
separated by agitating the fishes with water, then drenched with ammonia, and the 
liquid is preserved in n tightly-corked bottlo. Part of the silvery substance dissolves 
in the ammonia, while the rest remains suspended. The liquid thus obtained, called 
Keener cC Orient , is poured into small glass heads, and then poured out again, leaving the 
inner surface covered with a thin film, which, as the ammonia evaporates, forms a 
shining pearly coating on the glass. Tlio bead is then filled up with white wax. 

The scales of amphibia nro histologically similar to epithelial structures, and chemi- 
cally to horny substance. The shell of the tortoise and other ehelonians is of similar 
nature. Tlio scales of serpents were found by Fr6my to yield a small quantity of 
alkaline Mali, und to consist of a substance resembling epidermis, illandw. d. Chun. 
vii. 381.) 


8CAMMONXO ACID. See Jalapic acid (iii. 436). 

SCAMMONJN. See Jalatin (iii. 438). 

SCAMMOVOLXC ACID. See Jat.apinolic acid (iii. 440). 

SCAMMOliIT. Scammonium, — A purgative gum-resin, produced, according to 


fl iii hourt. by two species of Ctmvolvit/us, viz, C. Scammonia (L. ) and C. hirsutus (Stov.), 
growing in Syria and Asia Minor. There are two sorts of it, known in commerce as 
A lrppo und Smyrna scammony. According to other authorities (Handw. d. Chem . 
vii. 275), Aleppo scaimuony is obtained from Convolvulus Sr ammonia, and perhaps 
from other species of the same genus, and Smyrna scammonyfrem Pcnploca Skcamonc , 
a plant belonging to the upocyanaceous order.* 

Aleppo seamTuony is the most esteemed. When of superior quality it forms flat 
musses, rather light, and somewhat hollow within, dull and blackish-grey on the frac- 
tured surfaces ; thin fragments appear transparent when examined by a magnifying 
glass. It is friable, has a powerful odour, and is often covered with a grey powder re- 
sulting from the friction of the lumps. Inferior sorts have the form of flat orbicular 
lumps, compact, heavy, and without internal cavities. Tho fracture is then black and 
vitreous, and thin fragments aro very transparent. This kind of scammony is also 
friable, and 1ms an odour like that of the better sort, but fainter. 

Smyrna scammony is dull-brown, heavy, not friable, and has a dull vitreous fracture. 
Its odour is faint but disagreeable. 

'the. composition of commercial scammony is subject to considerable variations. In 
three specimens of genuine Aleppo scammony, Marquart (Arch. Pharm. vii, 236; 
x * 78*5, und 77 per cent, resin soluble in alcohol (which is the active 

principle), tho remainder being mado up of wax, extractive matters, gum, starch, albu- 
unn, hbrm, and inorganic salts. In one specimen, evidently adulterated, tho proportion 
of ream was as low as 8*5 per cent.., tho remainder being chiefly made up of starch, 
gum, gluten, and salts. Another specimen, iu which tho proportion of resin was 32 5 

*rairh h |t re nJl!t«r l I2 fn * CH ™. mor ^, known as French or Montpelier tciunmmir, 

r A urn P .H nmu S M fro ™. tho PX P reue ^ i»tce of An Mckpindaceoil* plant. 

I ynauchum yi jntpriiarutn And mixed with varioui relink and other purgative drum : but it U a 
dangerous purgative, and ehoutd never be u*ed. 1 8 8 * “ * 
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per cent., was found to contain 52 per cent, of gypsum. In four specimens of Smyrna 
eeammony, Marquarfc found 25, 6, 6, and 7 per cent, resin soluble in alcohol (about' £ 
of it being also soluble in ether), the rest being made up of extractive matter, gum, 
starch, woody fibre, and inorganic salts. 

The chemical constitution of scammony has been further investigated by Keller 
and by Spirgatis, who agree veiy nearly in their analytical results, but differ in the 
formulae by which they represent them. Spirgatis regards tlio rosin of scammony uh 
identical with that of spurious or fusiform jalap, which is also derived from tlio root 
of a convolvulaceous plant, Convolvulus orisaltcnm. Keller regards the two resins us 
very closely allied, but not as absolutely identical. (See J alapiq. acid, Ja-LAVin, &c., 
iii. 436—442.) 

8CAP01XTS. Wcrneritc : including Paranthine, Ekibnrgite , Nuftalite, Tvtradcmtc, 
Glaucolite , Athcna$tite } Tcren it<\ Porcelain -spar, Stroganomte . — A silicate of aluminium 
and calcium (the calcium being, however, more or less replaced by sodium, potassium, 
and magnesium), occurring in dimetric crystals of the same form as mojonito (iii. 965). 
Observed faces, oP, ocPco , ccP, P, P» , e»P2, ooP3. Length of principal axis = 0-4398. 
Anglo oP : P<» =» 166 14 P. Cleavage parallel to ocPcc and ooP rather distinct but 
interrupted. The minerals occur also massive, granular, or with a faint fibrous 
appearance, sometimes columnar, but most frequently in distinct crystals, occasionally 
of large size. 

lliirdness — 5 to 5’5 ; in a sub translucent variety from Gouvernour, Now York, it 
is nearly 6. Specific gravity = 2-612 to 2 719. Lustre vitreous to pearly, externally 
inclining to resinous; on the cleavage and cross-tract uro, vitreous. Colour white, 
grey, blue, green, and red, usually light; streak uncolouml. Transparent to faintly 
siibti’aiislucont. l'l-acture subcourhoidal. Urittle. Heforo the blowpipe it turns 
white, and melts with tumefaction to a Mistered glass. It colours the llanie yellow, 
and when heated in an open tube gives a faint reaction of tltiorino. It is completely 
decomposed by hydrochloric aeid without gelatinising. 

The numerous analyses which have been mado of scapolite exhibit considerable 
diversities of composition. The* silica varies from 12 to abovo 60 per cent.; tho greater 
number of the analyses, however, give 15, 60, or 60 per cent. The lime varies from 20 
to about 3 per cent., those s.-apolites which are poorest iu silica being richest in lime. 
These bit ler contain either no other strong base, or only small quantities of alkali, 
obieliy soda ; but as the amount of linto diminishes, that, of soda (also of potash) 
increases for the most part ; iu that case also magnesia is almost always present, though 
in small quantity. Lastly, nearly all seapnlilen contain water, generally loss than l 
per cent., but sometimes more than 2 per cent. (For tlio individual analyses, see 
liummddicrg' s Mim rufcht one, pp. 717— 720). Tlio oxygon-ratio of Iho protoxides, 
sosqiiioxides, and silica iu sca|>olite, varies: 

IU) HU)3 SiO- .HO it 2 o» StO'-« 

from 1 : P6S : 316 to 1 : 447 : 8*83 

Most scapoliles exhibit, signs of decomposition, indicated l>y differences of specific 
gravity, transparency, and h an 1 ness, and by the presenco of water. Tim least altered 
arc those which contain the largest proportion of lime. Such are those having nearly 

the composition of mejonito, 3(2C.t"O.SiO-).2(2Al 2 0 3 .3SiO 3 ), which in fact is regarded 
by Hummel sbe.rg, Hiseliof, and (L Jtoso as tho original scapol i t.o. Among tliu least 
altered scapolitos are nut tali to from Holton, Massachusetts, a specimen of which, 
analysed by v. Hath, gave 44 *10 per cent. SiO 3 , 25*52 Al*G*, 3' 7 9 bVO a , 2018 CaO, 
10i MgO, 2*99 Na*0, 0 51 K 2 0. ami 1 '24 water ( — 98-74), and certain scapolitos from 

Arondal in Norwuv, and from Malsjti iu Wmiiland, Sweden. 

The name scapolite (or wemeritr) includes the common greyish and white varieties of 
tho mineral. Nuttalile is bluish, greyish, and dark-greenish. Paranthine includes 
certain compact varieties and crystals of whito and pale-bluo colour. Ekchergite (con- 
tainiug 5102 percent, silica, 26*87 alumina, 2*73 ferric oxide, 13*29 lime, and 4*64 
soda, besides small quantities of manganous oxide, magnesia, and potash) is massivo 
ami subfibrous. Tho distinctions between these varieties are, however, not very well 
defined. Porcclain-^ar, from Passau, is sometimes referred to labradorite : but its 
analyses give essentially tho same oxygen-ratio as scapolite (49 20 — 60*29 *SiO* 27*30 
— 27*90 A1 2 0\ 13*53—16*48 CaO, 4*53—5*92 Na*0, with small quantities of potash 
and water). GlauaoHtt\ which has a lavender-blue or greenish colour, and specific 
gravity ■= 2*72 — 2*9, and 1ms nearly the composition of labradorite (iii. 450), is 
referred to scapolite by (1. Rose, us its cleavages are those of the lnt ter and not of 
labradorite. and its oxygen-ratio is included within the limits of scapolite. 

The a Iterations of scapolite appear to bo chiefly due to the action of carbonated waters, 
the carbonic acid taking up tho lime. Strogauou He. from near the Slucl jinks river, in 
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Dauria, affords an example of this alteration, containing 40*58 per cent SiO* 28*57 
APO 1 , 11*05 CaO, 3*50 NVO, 0 89 FeO, and MnO, and 14*55 CaCQ*. Sometimes the 
action of the carbonic acid goes so far as to carry off nearly all the stronger bases, and 
reduce the mineral to a kaolin. Acid carbonate of magnesium in solution converts 
scapolite into soapstone. By alkaline carbonates in solution, alkalis may be introduced 
ana lime removod, thus forming mica, algerite (i. 113), and perhaps also zeolites. By- 
means of ferrous carbonate dissolved in carbonic acid, an oxide of iron may be intro- 
duced; and the iron being oxidised to ferric oxide during the process, epidoto in the 
form of scapolite is produced, AtheriastiU , a highly hydrated scapolite from Arendal 
(i. 430), is, according to llausmann, tho original wernerite of Haiiy. 

Scapolito is usually found in crystalline rocks and in granular limestones, most 
commonly noar its junction with granite, also in beds of magnetic iron accompanying 
this rock. In tho latter situation it occurs at Arendal in Norway and Wenniand in 
Sweden ; also in fine crystallisations in Pargas in Finland, <fee. Paranthine occurs iu 
the limestone quarries at Marlsjo in Worm lund; porcelain -spar in granular limestone 
at ObernzeJJ, in Bavaria ; glaucolite near Lake Baikal in Siberia, in veins in granite* 
(Dana, ii. 202). The localities of other varieties have already been mentioned. 

SCA&2XKOXTE. An argillaceous mineral from Scarborough, containing, accord- 
ing to Vernon (Berz. Jahresb. x. 169), 10*6 per cent, silica, 42*5 alumina, 0*25 ferric 
oxide, and 46*75 water. 

SCHABASXTS. Syn. with Chabazite (i. 843). 

0CHAP3ACHXTE. Syn. with Bismuth-silveh (i. 697). 

SCBSSJLS’S ffftXZW, Arsenifce of copper (i. 376). 

SCBESXaSTZBTE. Nativo tungstate of lead. (Soo Tungstates.) 

SCHBEUTZL Native tungstate of calcium. (Seo Tungstates.) 
8CHEERERXTE. This name has boen applied to two fossil resins occurring 
at Uznach, noar St. Gallon, in Switzerland : 1. A crystalline resin polymeric with 
marsh-gas, of specific gravity 0 G5, and molting at 44°. — 2. A hydrocarbon, poly- 
meric with benzene, already described as roteno (p. 97). 

&CHEPFERXTE, A mineral formerly regarded as a garnet, occurring in the 
iron mine of Lnngbansliyttan in Sweden. It has a rod-brown colour ; hardness = 

5*6 ; specific, gravity =3*39; is slightly attacked by hydrochloric acid, with evolution 
of chlorine. Contains, according to Michael son (Jahresb. 1863, p. 804), 62*31 per 
cent. Hilica, 19 09 limo, 10 86 magnesia, 10*46 manganous oxide, 1*63 ferrous oxide, 
and 3-97 ferric oxido (loss by ignition 0*60). The oxygon-ratio of tho protoxides and 
silica iB 1:2; hence Michaolson regards the mineral as an augito. 

BCKLERETXNXTE. A fossil resin from the coal-mines of Wigan, in Lancashire. 

It forms black drops and granules, sometimes as big as nuts, brittle, and of conehoirlul 
fracture. Specific gravity == 1*136. Combustible. By dry distillation it yields 
water and a large quantity of empyreumatic oil, and leaves r residue of charcoal. It 
is insoluble in water, alcohol, other, and alkalis, and is slowly decomposed by 
strong nitric acid. When it is reduced to fine powder and boiled with water, alcohol, 
and other in succession, traces of oil aro dissolved, after which it contains at 120°, on 
tho average, 3*68 per cent, of ash, 76*95 per cent. 0, 8*95 H, and 10*42 O, correspond- 
ing to tho formula C'-°H 38 0‘ i (Mai lot, Phil. Mag. [4] iv. 261). — This body was 
erroneously regarded by Dana and Mallet as identical with Kocblodor’s pvroretin. 
(Kenngott.) 

8CHBTBXDERXTE> A zoolito from the gabbro of Tuscany, having a confusedly 
lami no-radiate structure ; hardnoss — 3; wliito and opaque. Contains, according to 
Beclii (Sill. Am. J. [2] xiv. 04), 47*79 per cent, silica, 19*38 alumina, 16*76 lime, 
11*04 magnoBia, 1*62 alkali, and 3*41 water. Breithaupt regards it as a decomposed 


’ 0T BCBORXiOMITE. A ealeio-ferric silico-titanate occurring 
on tho Ozark Mountains, Magnet Cove, Arkansas, together with eheolito, brookito, and 
garnet ; also emboddod in phenolito at Oberschaffhauson, on tlio Kaiserstuhl. 
iiardness - 7*75. Specific gravity = 3*783— 3*862. It is massive without cleavage, 
bl.vk and opaouo, with semmtreous lustre. Before tho blowpipe it melts with diffi- 
eulty on tho edges to a black vitreous mass, and exhibits with borax and phosphorus- 
sft t tlio reactions of titanium. Acids decompose it imperfectly, with separation of 
gelatinous silica. (Shepherd, Sill. Am. J. [2] ii. 251. — Whitney, Joum. Best. 
Nat. Hist Soc. 1849, vi. 46.) J 


From Arkansas (Bammelabcrg. Miner alchemic, p. 886).— b. From 
the Kaisersthul : specific gravity = 3*745 (A. Claus, Ann. Ch. Phurm. cxxix. 213) : 
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810* TiO* Fe 1 O s FeO CzO* Mgd^KtO Na*0 

0 . 26-24 21-34 20 11 1 57 29 38 1-36 ' TT - 100 

b. 29 -55 21 18 18 08 . . 2513 1*22 4-22 » 99*38 

Rammelsberg deduces from his analysis, which egrees very nearly with those of 
Whitney and Crossley, the formula 3(2Ca''O.SiO‘).(2Fe 2 OV3SiO a ).(2Ca'D.3TiO a ). 

SCHORLITE. Syn. with Topaz. 

SCHORLOMITB. Syn. with Schorlamite. 

8CHREIBERSXTB. A phosphide of iron and nickel, occurring in meteoric iron, 
and forming the principal part of the residue left on dissolvingtho iron in hydrochloric 
acid (Meteorites, iii. 978). Under the microscope it often appears in sharply-defined 
crystals. Its colour is sometimes stcol-groy, sometimes y olio wish or brownish. It is 
strongly magnetic, dissolves with difficulty in acids, and is often mixed with graphite 
and silica. Hardness = about 6*5. Specific gravity =» 7 01 — 7 22. It varies greatly 
in composition, as tho following analyses will show ( R a m mdsberg s J\J incr ale hem it, 
p. 947) 

Elbogcn . BohumilUz. Braun au. Sc r las gen. Sch tretz . Arva. 


Berzelius. Dufloa. RamnioUberg. Patera. Berge- 

Fiacher. mann. 

Phosphorus . . 14*17 14*76 1272 7*37 36*00 7*26 6*14 

Iron 68*11 69*45 60*13 62*63 22*34 87 20 78*36 

Nickel .... 17*72* 15*79 27*15 29*18 36 66 424 15*47 

IOoToO loo. 00 TcToToO Ca0*82 5*00 98*70 99*97 

100*00 100*00 


K rasno Jarsk. Zncatccn*. Ocotitlan. Miiteca. Co*hir*a Knoxville. 

Berzelius. BerRemmin. II. Miilter. Bergemann. Creek. Smith. 

Phosphorus 18 47 24 10*23 3*54 11*61 3*31 14*39 

1 ro ti . , . 48*67/ 7a 75*02 86 32 58*36 8777 66*60 

Nickol . . 18*33 i 7U 14*52 10*14 29*95 8*92 2670 

Magnesium 9*66 100 99*77 l“O0 00 99.92 100*00 Co 0*34 

*95*73 ' 9809 

Faye (Compt. rend. Ivii. 801), by exposing a mixture of 8 gnus. ferric oxide, 
3*7 gnus, nickel-oxide, 10*1 sodio phosphate, 6 grms. silica, and 2 grms. charcoal, to a 
white heat, in a graphite crucible, obtained a black slag, a metallic regulus of nickel 
ami iron, and between the two a crust of yellowish metallic shining lamina*, exhibiting 
the characters of sdireibersito. 

SCHROTTERITE. An amorphous mineral, resembling nlloplmno, from tho 
'l);i I linger moun tain, near Frankenstein in Styria, where it occurs in nests between 
day-slate and granular limestone. Hardness = 3—3*5; specific gravity = 1*95 — 2*05. 
Colour greenish, yellowish, or sometimes spotted with brown. Contains, according 
to .Sell rot ter (J. pr. Cliem. xi. 380), 11*94 percent, silica, 46*29 alumina, 2*80 ferric 
oxide, 116 lime, 0*25 cupric oxido, 0*63 sulphuric acid, and 35*85 water, which may 
be represented by the formula 5Al*O a .2SiCP.20H 2 O. It is probably a mixture contain- 
ing hydrate of aluminium. 

SCHULZITE. Syn. with C<ei.estin* (i. 1069). 

SCILLA MARITZMA. Squill. A liliaceous plant, growing wild on the shores 
of tho Mediterranean. Tho fleshy bulbs, which are used in medicine, have boon investi- 
gated by several chemists, but with somewhat discordant results. They contain a 
volatile oil, an acrid substance, a bitter principle, gum, Bugar, and, according to 
Tenderer, starch and fat, together with phosphate, citrate, and perhaps also tartrate of 

calcium. . 

Tho volatile oil, obtained by distilling tho bulbs with water, is mobile, slightly 
coloured, has a pungent disagreeable odour Miko that of garlic or mustard oil), and 
blisters the skin ; fo likewise does its alcoholic solution. 

Tho investigations on scillitin, tho activo ingredient of the bulbs, have not 
determined whether it is to be classed with tho rosins, the alkaloids, or tho bitter 
principles. Mandot (Compt. rend. li. 87) distinguishes two peculiar bodies, the 
poisonous and irritating sculein, and the non-poisonous scillitin, but adds nothing 
further concerning them. Sc h ro ff (N. Report, xiv. 241) also distinguishes a narcotic 
principle (scVHtin) and an acrid non-volatile principle. Righini (Report, lxm. 87) 

regards scillitin as impure veratrin. . 

a.. According to Tilloy (J. Pharm. xii. 635; ibid. [3] xxm. 406), squill contains 
* W ith Magnesium* 
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no volatile acrid principle, but crystals of calcic citrate [oxalate (Schroff)] which 
irritate inflame the shin when rubbed upon it* The active constituents are an acrid 
resin and a bitter substance. 

Dried squill -powder gives up to ether an agreeably-smelling yellow fat (or fatty 
acid ?) which may be freed from adhering bitter substance by moan s of hot water. 
When the powder which has been exhausted with ether is digested with alcohol, a very 
acrid and bitter tincture is obtained, leaving on evaporation ail acrid resin, which is 
freed from adhering fat by ether , and from sugar by water. This resin is very 
poisonous ; it softens in hot water, dissolves in alkalis and alcohol, and is not 
altered by acids.— The bitter substance is extracted by hot water from squill previously 
treated with ether and alcohol ; it is precipitated from the liquid by charcoal, which gives 
it up again to boiling alcohol (Tilloy). 

h. Vogol (Schw. J. vi. 101) and Lebourdais (Ann. Ch. Phys. [3] xxiv. 62) 
prepare tho bittor substance as follows 

I. Vogel exhausts the concentrated juice with alcohol, evaporates the tincture, dis- 
solves the residue in water, precipitates tannic acid by neutral acetate of lead, removes, 
excess of lend by means of sulphydric acid, again filters, and evaporatos. There then 
remains sc il lit in, together with sugar and salts, in the form of a colourless friable 
muss, which has a very bitter, afterwards sweetish tasto, and causes vomiting and 
purging. This mass softens quickly in tho air, and dissolves easily in water and 
absolute alcohol, end in vinegar. — 2. Lebourdais precipitates the highly coloured and 
very viscid decoction of squill with neutral acetate of load, and agitates tho cold filtrate 
with purified animal charcoal till it loses its colour and bitterness. Tho charcoal is 
then washed and dried, and boiled with alcohol, which takes up the seillitin, and lenrcs 
it holii nd on evaporation. — $eillitin4hus obtained is an amorphous, neutral, non-hygro- 
scopic mass, which doeomposrs easily when heated, dissolves with purplo colour in oil 
of vitriol, afterwards blackening, and is decomposed by nitric acid. — A portion placed 
upon the tongue produces tho sensation of n caustic. — Bley (N. Hr. Arch, lx i. 141) 
operated in the same way as Lebourdais, avoiding too great heat, and obtained by 
spontaneous evaporation, long, colourless, flexiblo needles, having a very bitter taste, 
becoming amorphous when gently warmed, and not afterwards susceptible of crystal- 
lisation. - According (o Wi ttstoi n (Report. [3], iv. 200), the bitter of squill is not pre- 
cipitated by basic acetate of lead, nor by hydrated oxido of lead, which latter, however, 
precipitates the acrid constituent. 

c, Marais (J. Phurm. [3] xxx. 130) and Lnndorcr (Ropcrt. xlvii, 442) believed 
they had obt ained an alkaloid, which Tilloy was not able to isolate. 

1. Marais exhausts either the dried squill with alcohol of 50 per cent., or tho fresh 
bulbs wilh alcohol of 90 per cent., mixes tho tincture with milk of lime, agitates with 
other, separates tho supernatant layer of liquid, and evaporates, whereupon seillitin 
and fat remain, the latter of which is removed by again dissolving the residue in 
alcohol. — Tho product is an amorphous, hygroscopic, pale-yellow mass, having a pun- 
gent bitter taste and an alkaline reaction. — It dissolves in oil of vitriol, forming a 
violet solution, fn> nr which water precipitates green tlocks, and in nitric acid with red 
colour, which quickly disappears ; it is insoluble in hydrochloric acid, but soluble in 
ammonia and caustic alkalis, becoming decomposed and losing its bitter taste. When 
heated with hydrate of potassium, it evolves ammonia. It does not dissolve in water; 
produces with ferric chloride an orange-yellow, and with platiuic chloride a yellow 
precipitate, and combines with acetic acid. It dissolves in alcohol and ether. Taken 
internally, it acts as an emetic and violent purgative, and afterwards as a narcotic. 
(Marais.) 

2. Landorer digests the crushed inner portions of squill with very dilute sulphuric 
acid, boils down the filtrate to one-half, saturates it with lime, and sots it asido for 
three days ; then collects and dries the residue. When this residue is boiled with 
alcohol, the filtrate deposits on evaporation a very small quantity of extremely bitter 
needles, which art* insoluble in water, and sparingly soluble in alcohol. Tho needles 
have au alkaline reaction and neutralise acids, forming therewith crystalli sable salts, 
winch melt when heated (evolving vapours which excite coughing) and carbonise, but do 
not leave a trace ol lime. This body doos not appear to be obtained from dried squill. 

ICZlIlTItf ■ See the last article. 

8C1WU8, The ash of the bulrush (Scirpue lacustru ?) has been analysed by 
I* lei tm anti (Ann.Ch. Pharm. lviii. 391) andbvScliulz-Fleeth (Pogg. Ann. lxxxiv. 
80), with the following results (deducting the charcoal) : 


K-O N:i*0 CnO MjjO PV’(P SO 1 Si()2 co- 

10*3 . . 7-3 2-6 1 17 4-8 28-1 . 

9*7 50 7'0 2-3 0-24 55 46*5 7*9 


P‘0 1 NaCl KCI 

9-5 27*3 3’9 * 99-37 (Fleitmnnn). 
4*8 10-1 . . ~ 99 04 (Schulz-FISeth). 
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SCUXOOEV. A term applied to the inerustiugr matter deposited within the 
cells of woody fibre, also culled lignin. This substance is said by Payen to be dis- 
tinguished from cellulose by assuming ah orange colour when treated with potash and 
iodine, whereas pure cellulose turns blue under the same circumstances. Sehleiden, 
on the other hand, denios its existence as a distinct compound. (See Gmclins Hand- 
book, XT. 124.) 

SCOXSCZTE, Lime Mesotype , Reediest one, Poonahlite, Fibrous Zeolite : including 
Mesolita or Lime and Soda Mesotype. — A hydrated calcio-aluminic silicate, in which tho 
calcium is sometimes pjirtly replaced by sodium. It forms monoclinic crystals, in 
which the ratio of the axos a : b : c = 1*0282 : 1 : 0*6791. Anglo of inclined axes 
b,c = 89°6'. The crystals aro prismatic or acicular,. consisting of a prism of 91 c 35', 
acuminated by four faces of n monoclinic pyramid composed of the liemi pyramid I* of 
144° 40' and the liemi pyramid — P of 144 w 20'; they boar a strong general resemble nee 
to the crystals of natrolite, which consists of the orthorhombic prism ooP =» 91°, acu- 
minated by four faces of the pyramid P inclined to tho lateral edges at angles of 
1 43°20' and 112 J 40\ Twins also occur parallel to the orthodiagonal. Cleavage nearly 
perfect, parallel to ooP. Tho mineral likewise occurs fibrous, massive, and radiated. 
Hardness = 5 — 6*5. Specific gravity *= 2 2 — 2*7. Lustre vitreous, or silky when 
fibrous. Transparent to subtranslucent. Pyrolectric. Before tho blowpipe it curls 
up like a worm (hence tho name, from «tkc£a*j£, a worm), and finally melts to a bulky 
shining slag, which in tho inner flame becomes a vesicular slightly shining bead. 

A. Scolocitoor Limo Mesotype. — Analyses : a. From the Berufiord, Iceland 
(Gibbs, Pogg. Ann. Ixxi. 565). — b. Faroe Islands (Steplian, Rn m m el she rg' $ Mineral- 
chemie, p. 795). — c. Staffa : fibrous (Fuchs and Gehlen, Schw. .T. viii. 853; 
xviii. 1). — d. Isle of Mull : radiate, accompanied by epidoto (Scott, JEdin. N. Phil. J. 
Oct. 1852). — v. Auvergne ((* u i 1 loin i n, Ann. Min. xii. 8). — f. NiederkirchorginBhenisli 
Bavaria (Uiegel, Jahrb. pr. Pliarni. xiii. 1 ). — tj. blast Indies: spherical aggregates 
having a radiate structure (Taylor, J. pr. Client. Ixiii. 467). — A. Cachapual Valley, in 
C’liili; in porphyry (Homey ko, Alin. Min. [i], ix. 3): — 


a. L. e. d . e. f. f>. h. 

Silica .... 46*72 45*82 46*75 46 21 490 48*08 46 87 46 3 

Alumina . . . 25*90 26*28 24*82 27*00 26 5 23*93 25 32 26 9 

Lime .... 13*71 13*69 14*20 1345 15*3 14*22 13*80 13*4 

Soil a 1*10 0 *39 . . , . 0*32 0*45 

Potash 0*13 

Water .... 13 67 13*60 13*64 13 78 90 13*55 13*46 14 0 


100*00 100*39 99*80 100*44 99*8 100*10 10003 100*0 

These analyses lend to tho formula (Ca /, 0.Si0*).(Al 2 0 !, .2Ri0*).3H a 0. 

B. M e s o l i t o or Limo and Soda Mesotype. — a, Port rush, Ireland (also called 
Ilarrinytomte ), Thomson ( Outlines of Mineralogy t i. 428). — b, Kilmoro in the He- 
brides (It odd l e, Phil, Mag. j 3) xi. 273). —r. Berufiord, Iceland: spherical radiate 
( W a 1 1 o r s h a u s o n, Vulk . Crest einc, p. 267). — d. J reland : Avtrimolite (II o d d 1 o, lor. 
e/f .). — c. karoo Islands (Berzelius, J ahrcsbcricht, iii. 147). — if. Tyrol: massive and 
fibrous (Fuchs and Gelilen, Scliw. J. viii. 353 ; xviii. 1 ). — y. Iceland: excentrically 
fibrous (Breidcne fcein, llammctsbery's Miner alchemic, p. 798). — h. Talieker in Sltyo 
(Ileddle): — 



a. 

b. 

c. 

d. 

e. 

/■ 

*• 

h. 

Silica . 

. 44*84 

46*26 

40*11 

47 07 

40*80 

46*04 

45*78 

46*71 

Alumina 

. 28*48 

26*48 

26*24 

26*23 

26*60 

27*00 

27 63 

26*02 

Limo 

. 10*68 

10*00 

9*68 

9*88 

9*87 

9*61 

9*00 

9*08 

Soi l a 

. 5*56 

4*98 

4*87 

4*88 

5*40 

5*20 

5*34 

6*39 

Water . 

. 1028 

13 04 

13 75 

12*24 

12*30 

12*36 

12*38 

12*83 


99*84 

100*76 

100 95 

100*30 

100-87 

100*21 

100*03 

100*03 


Kammelsberg represents the analyses b, c, d by the formula: 

3[(Na*O.SiO-).(ArO , .2SiO , ).2H 2 0] + ytCCa'O.SiO^.CAFO-.SSiO^.a^O] 
and tho rest by the formula: 

[(Na*O.SiO*).(Al 2 0*.2Si0 2 ).2lPO] + 2[(Ca' / 6.Si0 2 ).(Al 2 0 a .38i0 2 ).3H 2 0]. 

These two formulae, however, giro very nearly the same percentage composition, the 
first requiring 16*92 SiO*, 26*05 Al 2 O a , 9*95 CaO, 4*75 Na*O t and 12*33 11*0; the 
second, 46*90 SiO*, 20*09 ABO*, 9*48 CaO, 5 28 Na*0, and 12T9 11*0. 

Sc.olec.ifce occurs also in Greenland, at Pargas in Finland, in Auvergne, and in veins 
in the Kilpat rick Hills. 
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SCOLEXEROSE— SCORODITE. 


Poonahlitc, a yariety from Poonah in Hindostan, has the angle oeP : ooF « 91° 49' 
(Kenngott). Gmelxn (Pogg. Ann. xlix. 428) found it to contain 45*12 per cent, 
silica, 30*44 alumina, 10*20 lime, 0*66 soda (with a trace of potash), and 13*89 water 
(= £9*81). 

Antrimolite occurs in white fibrous stalactites at Antrim, four miles east of the 
Giant’s Causeway. Angle of prism = 92° 1 3' ; outer edges bevelled by a prism of 
150° 30*. Hardness = 3*75. Specific gravity — 2*096. 

8COLBX2ROSB. A mineral from Pargas in Finland, regarded by Nordenskiold 
as a variety of labradorite (iii. 451), by others as a scapolite. 

SCOPARZir. C* , H f *O lt . (Stenh ouse, Phil. Trans. 1851, p. 422; Ann. Ch. 
Phsirm. lxxviii. 15.) — A substance contained in JSpartium Scoparium, and apparently 
constituting the diuretic principle of that plant. * 

Preparation . — The decoction obtained by boiling the plant for six or eight hours 
with water, when evaporated to one-tenth of its bulk, and left at rest for 24 hours, solidi- 
fies to a jolly, containing scoparin togothor with chlorophyll and a small quantity of spar- 
teine. The jolly is washed with a little cold water, dissolved in boiling water containing 
afow drops of hydrochloric acid, filtered, and set aside tillit solidifies ; and tho jelly again 
formed is purified by washing, pressing, drying over tho water-bath, and dissolving 
in boiling water, which now leaves most of the chlorophyll undissolvod. The chloro- 
phyll may also bo precipitated from the aqueous solution by long-continued boiling; it 
is deposited from a moderately concentrated solution before tho scoparin, and may be 
separated by filtration at the proper point. 

.Scoparin thus obtained forms, after drying in a vacuum, a pale-yollow, brittle, 
amorphous mass, tasteless, inodorous, and neutral. By precipitating its cold ammo- 
niacal solution with hydrochloric acid, dissolving tho somewhat more solid jolly in 
boiling water, and cooling slowly, a small quantity of pale-yellow crystalline stars is 
obtained, together with gelatinous scoparin. The solution in hot alcohol likewise 
yields a jolly on partial evaporation, and crystals in the cold. When an attempt is 
mndo to recrystallise tho latter from hot alcohol, thoro remains a residing which dis- 
solves with difficulty in water and alcohol, and is obtained as a jelly having the origi- 
nal degree of solubility only by dissolving it in ammonia-wsitcr, and precipitating 
with hydrochloric acid. The crystals and the jelly have tho same composition when 
dry. 

Scoparin puffs up when heated, carbonises without subliming, and burns with bright 
flumu. A solut ion in potash or in acids is decomposed by boiling, with format ion of a 
greenish-browu rosin. — Scoparin assumes a blue-green colonr with bromine, and a dark- 
green with solution of chloride of lime . — With nitric acid it forms picric acid. 

Scoparin is sparingly soluble in cold, more freoly soluble in hot water, forming pale- 
yellow solutions. It dissolves also in cold alcohol , more freely in boiling alcohol. It 
dissolves slightly m strong acids ; very easily, with deep yellowish -green colour, in 
caustic amnion ta, tlio fixed alkalis, and alkaline carbonates, loss easily in lime- and baryta- 
waler. The amnion iacal solution leaves, on spontaneous evaporation, a green icily, 
nearly froe from ammonia. J J 

Scoparin throws down greenish-yellow flocks from neutral and basic acetate of lead . 

Jt does not precipitate mercuric chloride or nitrate of silver . 


A yellow aromatic substance obtained from Teucrium Scordium. 
(Winckler, Report. Pliarm. xxviii. 352.) 

A mineral from Jnan del Rio Cara del Calvaxio,in Mexico, con- 

10 R ' b h T S °, n (J - rr - Chem - Tiii - fl06 )< 58 0 P er “nt. silica,. 16-8 
fi OXK, ‘''. 8 0 llm ». 2 0 water. It occurs in hrown slag-like 

"T 70 lWwlTTf , Stmik white - Hardness = 2-0. Specific gravity 

fl.«os it gives tK rou Zet'ioa 68 Ught6r “ ColoUr ’ but doos D0 * fu8e - Wit£- 


ocoun^^^metrie^rvT i C "*Z™ S of Iron — A hydrated ferric arsenate 

Tn P t»r ^The^rT'^'l’ P araUo1 to imperffet, parallel to erd'eo and 

^ups orgrown to^iher S 1 ar ° 60motimeB single, sometimes implanted in 

dal, fddnov-shanod ^tubular ” f J i PP'°K»dcs. Tho mineral also occurs in botryoi- 

Harin' “ incrustation (arsenical sin?er). 
and subresinoiiR PaWii* « n J 1 t ^1—3 3. Lustre vitreous, subadamantine, 
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black SMria, magnetic after all the arsenic is expelled. The mineral is not acted ut*m 
by nitric acid., but dissolve* easily in hydrochloric acid. pott 

Analyst* a. Graol, near Schwarzenberg in Saxonv (D amour Ann Ch n,». 
[3] x. 412). A. Vaubry Dent. Haute-Vienne : crystal!^; sp"2 'g^v i^r = 

Cornwall (D am o u r). d. Antonio Pereira in Brazil : spocific gravity 
= 3*18 (Berzelius, Jahresbencht, v. 206).— «. From the same (Burn our}- 
f. Loaysa, near Marmato, N ew Gran ada (13 o u s s in g a u 1 1) : 


Arsenic anhydride 
Phosphoric „ 
Ferric oxido 
Water . 


a . 

b. 

c. 

. 2*16 

50*95 

51*06 

* 33*00 

31*89 

32*74 

. 15*58 

10*64 

15*68 

100*74 

98*48 

99*48 


d. 


/• 

50*78 

50*96 

49*6 

0*67 



34*85 

33*20 

34*3 

15 55 „ 

16*70 

16*9 

101*85 

99*86 

100*8 


These analyses lead to the foTOulaFe*O s .As*0 3 .4H 2 0, or ^ I (F.2H 2 0, requiring 49*84 
As*0*, 34 60 Fo 2 0 3 , and 15 56 water. 

An iron sinter from Nertschinsk in Siberia, containing, according to Hermann (J. 
pr. Chem. xxxiii. 96), 48*05 As 2 O a , 36*41 Fc*0\ and. 15 54 water, is an amorphous 
scorodito. 

Scorodite occurs altered to limonite. 


SC OR Z A. A variety of epidote. 

S C OBZONES A. Tlie root s of Scorconera hispnnica , a plant belonging to the 
cichoraeeous tribe of Composite, contain starch. According to Witting (Arch. Pharm. 
[2] cv. 286), the expressed juice of the plant contains mannito. 

SCROPHVLARZAs Two species of this genus of plants have been examined 
rhniiically by Walz (Julirb. pr. J J harm. xxvi. 296; xxvii. 12). S. nodosa contains a 
bitter substance called by Walz a- scroph u 1 ari n, which dissolves very slowly in 
water, ami is precipitated in wliito flocks by tannin; also a resin insoluble in water, 
soluble in alcohol and ether. 

Sc. aquation contains a bitter substance, />-scrophu1iir in, differing in taste and 
solubility from a-serophiihirin ; an irritating resinous substance, scropliulacri n, 
soluble in alcohol and etlur; and a resinous substance, scrophularesin, soluble in 
alcohol, insoluble in water and in ether. 

100 pis. of Sc. aquatica yielded 7'8 pts., and 100 pts. of Sc. nodosa 7*5 pta. of ash, 
composed as follows : — 

Charcoal 

K-O Na 2 0 CaO NgO F^O 1 NaCl SO* P-O' CO* SIO* and band 

S\ aqnatica 2*3 . . 15 2 5 8 1*3 24*3 4 1 25*3 8*0 70 7*0 * 100*3 

Sc. nodosa 4*4 13 1 25*5 13*1 1*0 6*2 3*1 13*0 15 2 4*5 0*8 a 99*9 


SCURVY-GRASS. See Cochlea ria (i. 1002). 

8CUTTELIARZN. A bitter substance contained in Scutellaria lata i folia. 
(Cadet do G ass i court, J. Pliarrn. v. 432.) 

SCYLLITE. A neutral substance occurring in cartilaginous Ashes, chiefly in the 
kidneys of the sharks and rays, in tho milt, and liver of the former, and in tho liver 
aiuPgills of the latter. It does not contain cither nitrogen or sulphur, and is pro- 
bably isomeric with inosito ; but its composition has not been exactly determined. 

To- prepare it, the organs just mentioned are triturated with pounded glass, then 
stirred up repeatedly with alcohol, and pressed; the filtered extracts are evaporated ; 
the residue is exhausted with water; and the filtrate is again evaporated. Tho syrupy 
residue is then treated with absolute alcohol; tho portion insoluble therein is dis- 
solved in water; and the solution is left to evaporate, win re upon it deposits crystals 
of taurine and scyllite. These crystals are separated from the mother-liquor by filtra- 
tion, . then dissolved; and the somewhat concentrated solution is treated with basic 
acetate of lead, whereby a lead-compound of scyllito is precipitated, from which tho 
lead may be separated by sulphydric acid. 

Scyllite crystallises in anhydrous monoclinic prisms having a vitreous lustre, less 
soluble in water than inosite, insoluble in absolute alcohol. It has a faint sweetish 
taste, and is precipitated by basic acetate of lead, from its perfectly neutral aqueous** 
solution, in a pasty form, like inosite. It does not, howrever, exhibit the reactions of 
inosite with nitric acid, ammonia, or chloride of calcium. Nitric seal, of specific 
gravity 1*3, dissolves it only at the boiling heat, and even then but slowly, and without 
evolution of gas. The solution contains unaltered scyllite, which may be separated by 
alcohol. Scylliie is dissolved by ’strong sulphuric acid also, only at high temperatures; 
Vol. V. F 
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SEA-SALT— SEAWEEDS. 


it is not coloured by boiling "with strong soda-ley, and does not reduce an alkaline 
cupric solution. (F rericks and Stadelor, J. pr. Chem. lxxiii. 48.) 

8SA-SALT. Chloride of sodium more or less mixed with other -salts, obtained 
by evaporation of sea-wator. (See Sodium, Chloride of.) 

8DA-WATER. Seo Water. ^ 

SEAWEEDS. These plants, which occur abundantly in the open sea, and are 
often heaped up in vast quantities on the shore, are used for various purposes — viz., as 
food and medicine, in certain manufactures, hut more oxtonsivoly as manu remand for 
the sake of their ash (called kelp or vare c), which is valuable as a source of potas- 
Bium-salts, and as the principal source of iodine. 

I. Seavecd as Food and Medicine. — Many seaweeds contain largo proportions of 
gelatinous or mucilaginous matter, and afford demulcent and nutritive jellies ; the pro- 
portion of nitrogen in them is also very considerable. The following table exhibits the 
proportions of dry matter and nitrogen contained in some of the species most used, 
as food for nion or as fodder for cattle, in the British Islands and the North of Europe,*" 
according to the determinations of J. Davy and Apjohn : — 


Percentage of Pry matter and Nitrogen in Seaweed. 


riant s. 

Water. 

Dry 

mailer. 

NitroRen 
per cent. 

In dry 
matter. 

(Jhondrus crispus (Carraghoenor Irish moss), bleached 
it n a unbleached. 

Gigartina mammillosa ...... 

Laminaria digitate, or dulse tanglo .... 

„ black tanglo .... 

llhofhnncnia pahnata , or dylisk .... 

Porphyra laciniata, or laver ..... 

[ridttui edit! is ........ 

Alar in csculnita, or murlins . . . 

17-92 
21 47 

21*55 

21*38 

31-05 

16*56 

17*41 

19*61 

17*91 

82*08 
78 53 

78 45 
78-62 
68*95 
83*44 
82*59 
80*39 
82*09 

1-534 

2*142 

2*198 

1*588 

1*396 

3*405 

4*650 

3*088 

2*424 


Thn proportion of nitrogen in these plants appears, from those analyses, to ho larger 
than in must other vegotalilo esculents: the best wheat-flour (dried at 100°) containing, 
according to Apjohn, 1817 percent, nitrogen, potatoes 0-541, beetroot 1-848, mangolds 
1*781 , and Swedish turnips 1*8*13. This largo proportion of nitrogen lias been supposed 
to account for the high nutritive value attributed to many kinds' of seaweed; but tho 
mere percentage of nitrogen existing in a substanoo cannot be taken as a certain 
indication of its nutritive value, as the form in which tho nitrogen exists is likewiso 
of groat importance in determining whether the nitrogenous constituent of tho plant 
is capable ot ready assimilation in tho body of an animal: moreover, tho nutritive 
power of a substance cannot bo determined without taking account also of its nog-nitro- 
genous constituents. 

I lie use of soawoed as food is most extensive* in China and Japan. Laminaria so r~ 
channa, sweet tanglo or soa-tupo, highly esteemed in these countries, has been found 
by Stonhouso to contain large quantities of mnnnite. 

. Plot 'a rut Candida (called Agar-Agar by tho Malays, and Bnhnig in Java) is imported 
into this country as commercial Ceylon Moss. It is a’ small delicate white fucus, con- 
taining about. 70 per cont. of starch and vegetable jolly. The edible birds’-nn^ts, 
esteemed ns a delicacy in China, aro probably constructed from this plant by a species 
of swallow, tho Hi run do vsculcnta . — Gilidiicm contemn is the algae da Jura , which is 
made into an iced jolly, and sold in Ningpo under tho name of Ni/i-mait (ox-hair vogo- 

iii extracted from it 27 percent, of a peculiar vegetable substance, 

callod goloso, which lie finds to possess ton times tho gelatinising power of the best 
1 r 1U at* ISS *. ■ 10 snT1 . 10 substanco is obtained from Ptocaria lichenoides , a seaweed from 

tho Mauritius, and in small quantity from several European seaweeds ; it is said also 
to be obtained from certain lichens growing on trees in tho South of China, and in 
we southern islands of the Philippine Archipelago (ii. 829). — Fucus saccharin us, tho 
Jut moon ot tho Japanese niui the Sea-cahhage of the Russians, which is found in great 
abundance on the islands and shores of Eastern Asia, is used as an ingredient of soap, 
and oaten with fish, or boiled and eaten merely with salt. Laminaria potatorum 
furnishes tho natives ot Australia wit h fowl, and serves also as a material for their 
tools and vessels; other species of the same genus constitute an important resource to 
the poor on the west coast of South America, to the Fuogians, and the inhabitants of 
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the country near the Straits of Magellan. Under the name of buU-kdp, it in largely 
eaten in New Zealand and Tasmania. — Durvillia utilis is used as food in Valparaiso, 
and by tlie poorer inhabitants of the west coast of South America. — Euckvuma speciosum 
and Gigartina speeiosa are eaten in Australia. 

Xh© use of seaweed as modicino deponds partly on the gelatinous matter, partly 
on tho iodin#, contained in it. Carragheen moss has boon found useful in pulmonary 
complaints. — Fuctts vesiculosus, bladdor-wraik or lady-wrack, is used externally as 'a 
friction in glandular enlargements, and the juice has been given internally wiili 
advantage for the samo purpose. — Sargassum bacciferum is the celebrated gulf-weed 
of tho Atlantic, the stems of which arc said to constitute the goitre- stick* chewed in 
South America, where that disease is prevalent,, but they more probably come from iho 
stems of the Laminaria digitata. — Plocnria kdmirdhocortos (also called Graciiaria 
lichen/ tides or Sp/ueroroccifs, Gigartina lichcm 'idcs , and Corsican moss) has long boon 
uses! by the Corsicans as an anthelmintic. 

2. Use in Manufactures. — A process bus been recommended by Dr. Ptcnhonse for the 
manufacture of acetic acid from seaweeds by' fermentation. His experiments were 
conducted with some of the fuci ; these were mixed with lime, and kept moist at a 
temperature of 90° F. He obtained by distillation with sulphuric acid, an average of 
1’5 per cent, of anhydrous acetic acid, contaminated with butyric acid. This might, 
however, be separated and turned to account in the manufacture of bytyric ether or 
essence of pine-apple. The best method would he to ferment the plants in pits with 
lime or chalk, at the ordinary temperature in the summer, leaving each portion in for 
two or three months, and supplying its place by a fresh load until the lime was 
saturated ; the liquid would then be pumped out, evaporated to dryness, tho residue 
sold as crudo acetate of calcium, and tho weed carried to the manure-heap. Tho 
whole process might be roughly and economically carried on by an agriculturist near 
the sea. 

Seaweeds are used as substitutes for horn, shell, whalebone, indurated 
1 eat her, &«., in the manufacture of various articles. One process consists in im- 
mersing the weed, from which all extraneous matters have previously been removed, in 
a lye of caustic lime for three hours, then steeping it in very dilute sulphuric acid, 
ami afterwards in a solution of common salt, aft it which it may he moulded into anv 
desired form. Or the dry material is ground :<» powder and mixed with glue, to which 
some alum and powdered resin are added, orwitli coal-tar nr bitumen, and baked, then 
rolled out, or pressed in moulds. The stems of J ,a min aria digit at a (tangle or sea-gir.llc) 
make excellent handles for knives, files. &e... If the blade is inserted when the stem 
is fresh cut, and the. weed then allowed to dry, it euntrnets, holding the blade firmly, 
and presenting a brown wrinkled appearance, somewhat like buek-hbrn. 

A kind of soap may be made by treating some of tho common seaweeds with 
alkalis. 

Attempts have been made to use seaweeds in tho manufacture of paper, and for 
the production of textile fabrics ; but the true alga? are not adapted for .this purpose, 
as they are destitute of fibrous structure. The sea wrack, Xostf.ru marina, which is not 
an alga, but coni ai ns fibre resembling that of the grasses, promises butter results 
when used for such purposes. 

Many seaweeds exhibit very brilliant colours, but it does not appear that any 
attempts have hitherto been made fo utilise them. Several varieties of Grift/hsia 
yield to pure water a brilliant crimson colour, which is precipitated by soluble chlorides, 
and appears to combine with alumina and other metallic oxides. 

:i. fo aweed as Manure. — Tho value of seaweed as manure is most appreciated in 
the Channel Islands; the “varec” or “vraic/’as the weed is there called, is con- 
sidered so valuable that special laws are enforced for its regular collection and fair 
distribution amongst tliu agriculturists, many of whom use no other manure. “Point 
de vraic, point do hnngnrd ” has passed into a local proverb. The weed is either 
thickly spread on tho land, and ploughed in fresh with a deep plough, or dried on the 
beach, and burnt on the cottagers* hearths as fuel ; tho charred ash thus produced 
sells at Cut, per bushel for manure. “ Driftwood ” is also largely used in Ireland, as 
the only manure for the potato crop; this is interesting, because the potato r<*quircs a 
considerable supply of potash. This alkali can hardly, however, be required in the 
Channel Islands, as the granitic subsoil would, in disintegration, furnish it in abiin 
dance; it is probably the earthy phosphates that render the weod so fertilising therft. 
This is borne out by the. fact that tho lixiviated seaweed ash, from which the 
alkalis have been removed, moots with a ready sale in Guernsey, and i$ esteemed indeed 
richer, no doubt on account of fhe increased percentage of phosphates. The residual 
seaweed ash from the iodine factories in France is highly valued as a manure, and 
carried for that purpose a distance of thirty miles from the factory. 
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The mercurous salt is obtained, as a precipitate, by treating mercurous nitrate either with 
sebaeic acid or an alkaline sebate. — The silver-salt, C l0 II ,e Ag 2 O 4 , is a white, curdy, 
nearly insoluble precipitate, obtained with nitrate of silver and an alkaline sebate. When 
heated in a tube it yields metallic silver and a white crystalline sublimate. 

Xpomcelo acid. An acid, isomeric with eebacic acid, produced by the action of 
moderately strong nitric acid on couvolvulic acid, convolvulinolic acid, jalapin, jalapic 
acid, or jalapinolic acid. It resembles sebaeic acid in most of its properties and 
reactions, but melts at a lower temperature, viz. at 104°. The acid and its salts 
become electric by friction," ‘ The precipitate formed by ipomffiate of ammonium 
■with chloride of calcium is amorphous at first, and becomes crystalline only after 
standing for some time, whereas tho corresponding precipitate formed by sebate of 
ammonium, ia crystalline when first formed. ( W. M ity or, Ann. Ch.Pharm. lxxxiii. 143 ; 
xcv. 1G0.) 

SUBACIC ETHERS, Methylic Sebate, or Methyl-sebacic Ether , 
C lv Jl 2 '0‘ = is obtained by gradually adding methylic alcohol to a. 

solulion of sehacic acid in strong sulphuric acid, agitating tho liquid, and cooling the 
vessel with cold water. The ether is t hen precipitated by addition of water, trashed first 
with alkali no, then with pure water, and crystallised from alcohol. It melts at 25 5°, 
and crystallises in line needles on cooling. It is heavier than water when solid, but 
lighter in the melted state. It has a veiy faint odour; boils without alteration at 
235 is decomposed by potash into potassi^ sebate and methylic alcohol ; and is con- 
verted by ammonia into sebumide. (Curl at, Compt. rend, xxxvii. 130.) 

Ethylic Sebate, or Elkyl-sebacic ether, C U U-HY « C l ®II ,fl (C‘-IP)*0 4 , is easily 
prepared by dissolving sebaeic acid in a small quantity of alcohol, and saturating tho 
solution with hydrochloric acid gas. The chloride of ethyl formed at the same time ia 
expelled by a moderate heat ; and tho product is wasliod with water containing sod ic car- 
bonate, then dried over chloride of calcium, and rectified. It. is liquid above — 9^, lighter 
than water, lias an agreeable odour, and boils at 308°. It is insoluble in cold water, 
but dissolves easily ki alcohol. Ammonia converts it into sebamide. (R edtenbachor, 
Aim. Oil. Pirn ran. xxxv. 193.) 

The acid achates of ethyl and methyl have not been prepared ; but they are doubtless 
formed, togethor with the noutruL ethers, by tho action of hydrochloric acid gas on tho 
alcoholic solutions of sebaeic acid, inasmuch as these solutions, wlion treated with 
ammoniu, yield sebaiuic acid as well as sebamide. 

C 3 H*) 2 ) 

Diylycerylic Sebate or &ebin,C x *WQ* = (C ,U 1I ,U 0 2 )" >0\ — Produced in 

K 4 ) 

small quantity as a cry st alii sable solid, by heating sebaeic acid with glycerin to 200°: 

CWO* + 2C 3 I1 H 0 3 = C^H^O 9 + 211*0 ; 

more abundantly, together with chlorhydrin, by the action of hydrochloric acid gas <m 
a mixture of sebaeic acid and glycerin heated to 100°. As thus obtained, it is liquid 
at first, but nftor drying at 120°, solidifies partially after a few days, and completely 
at — 40°, It gives off acrolein when heated. Oxide of lead converts it into sebaeic acid 
and glycerin. With alcoholic hydrochloric acid, it yields ethylic sebate and glycerin. 
(13ert helot, Ann.Ch. Phys. [3J xli. 293.) 


SEBACIN. C ,0 lI fcB . — A hydrocarbon obtained, together with propionic aldehyde, 
(Bimnthol, and a small quantity of benzene, by r the dry distillation of calcic sebate 
mixed with excess of lime. It partly condenses, as a solid fatty muss, on the sides of 
the receiver and the neck of the retort, and partly separates from the liquid product 
when lett at rest. When purified by solution in oil of vitriol, precipitation with water, 
and ^crystallisation from alcohol, it forms nearly colourless laminae, which easily cake 
together. It is tasteless and inodorous, lighter than water, molts at 55°, and volatilises 
a a temperature ah«»ve 300°. It is insoluble in water, easily soluble in alcohol and 
et mr, dissolves wit h red colour in oil of vitriol, and is precipitated in its original state 
^ water. It is^s c:\rMy altered by nitric acid or caustic potash. (Po t ors e n, Ann. Cli. 
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H 2 Tat 

C'W’NO 3 = (C ,0 H la O J )"V2. (Rownoy, Chem. Soe. Qu. 
H I 


ir. 35*. Krau t, H a „d>*>ofc, xiv. 501.)— Produced: 1. By the action of 

^mmoma on cthyUohaeic ««d (Rownoy).— 2. By tho dry distillation of neutral 
•ebate of ammonium. (Kraut.) 

Pnparatian.—1. Tlie oily mixture of neutral sebaeic ether and ethyl-sebacic add, 

> mned, by the action of hydrochloric acid gas on alcoholic sebaeic acid, is digested 
With strong aqueous ammonia for sever;d weeks in a closed vessel, or till the oil is 
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converted into a granular mass, tho sebamide 'which separates from the liquid contain- 
ing sebum ic acid being removed by filtration, and washed to free it from mother- 
liquor. The several portions of liquid are then united and concentrated over the water- 
bath ; the sebamic acid is precipitated by hydrochloric acid, washed with cold water, 
and dissolved in dilute aqueous ammonia, which still leaves a small quantity of seba- 
mide undissolvd ; the solution filtered therefrom is again precipitated by hydrochloric 
acid ; and tho resulting precipitate, after being washed, is purified by recrystallisation 
from water (lto w n oy). — 2. Neutral sebate of ammonium yields by simple distillation, 
first a colourless, then a yellowish einpyrouraatic distillate, 'Which is to bo dissolved in 
ammonia, filtered from a small quantity of oil which separates, and precipitated with 
hydrochloric acid. Tho precipitate is washed with cold water, and recrystallised from 
boiling water. (Kraut.) 

ProjMrties.—Svhiimlc acid forms rounded granules (Rowney) ; a white, crystalline, 
pulverulent mass (Kraut). Has an acid reaction (Rowney). It is sparingly soluble 
in cold, easily in warm water, alcohol, and ammonia. When boiled with calcic carbo- 
nate, it gives off carbonic acid, and forms a calcium-salt, slightly soluble in water 
(Kraut). Tho solution of sebamic acid iu ammonia does not precipitate the alkalino 
earths; it precipitates acetate of lead, and forms, with nitrate of silver, a precipitate 
soluble iu ammonia and in nitric acid. (Rowney.) 

Sebamic acid gives off ammonia when boiled with potash (Rownoy). — Tho 
sodium-salt brought in contact with chloride of hrnjoj/l, yields chloride of sodium and 
an oil, which may bo dissolved out. by ether, is left behind when the ether evaporates, 
gives off ammonia when fused with hydrate of potassium, is insoluble in water and 
ammonia, and when washed with ammonia, gives up to it only a small quantity of free 
acid. (Kraut.) 

SSBAMIDE. C“ie.VO ! = (C‘”JC‘0'X j (Rownoy, hc.cit. — Carlot, 

Co nipt. rend, xxxvii. 128 .) — Produced ns just described from othylic sebate, or in like 
manner from metliylic achate, and purified by wo rccry s t al lisati o us from alcohol. It 
is m utral, and forms hard rounded granules composed of microscopic needles, iusoluldo 
ineuld, moderately soluble in boiling water; insoluble in ammonia, slightly soluble ill 
col i aleuljnl, very soluble in boiling alcohol. Jly water it is gradually converted into 
sebate of ammonium. It is not attacked by potash iu the cold, but gives off ammonia 
when boiled therewith. 

SCBIN. Diglyeerylic Sebate. (See Skwacic Ethf.ks, p. 214.) • 

SECALE CEKEALE. Rye. See Ck ueaj.s (i. 823). 

SSCAXiB CORNUTUMi Ergot. — These names are applied to several fungi 
growing on the ears of grasses. They differ in strueturo and in chemical composition 
according to the plant on which they grow. Ramdohr (Arch. Vhurin. oxxxi. 17<J) lias 
examined the ergots from rye, from barley, and from B ramus secal in us; and finds that 
they differ in the proportions of organic substance, water, and a-sli contained in them — 
also in the composition of the organic substance and of the ash, but the differences 
are not important. (See Jfandw . d. Chem. vii. 732). Respecting Llio detection of 
ergot in rye, see Rye (p. 141). 

SECONDARY A1COHOLS. This term, with its correlatives, primary and ter- 
tiary alcohols, has been employed by Kolbe to express certain differences in the man- 
ner in which the carbon is linked together in the alcohols. These three terms are 
borrowed from the nomenclature of the compound ammonias (Ann. Ch. I J hui*m. [1801 J 
lvi. 102). Thus we have: — 
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♦a. 

Just as in ammonia there arc three atoms of hydrogen capable of replacement by 
radicles, so in metliylic alcohol there are three atoms of hydrogen capable of replace- 
ment by radicles. This parallel must not, however, be followed too far, inasmuch as 
whereas NH* takes up HC1 (equal to H 2 ), CI1" cun only take up Cl or OH (equal to II ). 
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The alcohols obtained by fermentation, the so-called normal alcohols, are believed to 
be of the primary class. The alcohols obtained by the addition of hydrogen to the ketones 
are secondary. A tertiary alcohol appears to have been obtained by Buttlerow and by 

Wanklyn. . 

The following formulae exhibit the structural differences in the three classes of 

alcohols: — _ At . . 
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On inspecting these formulae, it appears that there cannot be a secondary othylic alco- 
hol, and that neither othylic nor propylic alcohol is possible in tho tertiary series. 

The experimental evidence of tho existence of these different kinds of structure in 
different alcohols may bo set forth as follows : 


? Genesis of the Alcohols of the Vr unary Type. 

Starting with CH"Na and CO 2 we get — 

|C(NaO)0* 

H 
H 

wheroiu tho sodium which saturates one quarter of tho one atom of carbon is replaced 
by an equivalent of tho other carbon, whilst the sodium goes to saturate half of one 
of the atoms of oxygen which existed in combination in the carbonic anhydride. On 
distilling together CII a C(NaO)0" and formate of sodium, there is produced aldehyde 
and carbonate of sodium : 
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This reaction consists in interchange between (NaO) and H, 

(aldehyde), wo add nascent hydrogen, and get : 

CHO" 

II 
' H 
III 

Aldehyde. Alcohol. 

From, alcohol wo get iodide of ethyl ; from iodide of ethyl we get zinc-ethyl, and then 
sodium-ethyl, CIPCIPNa. Acting upon sodium-ethyl with carbonic anhydride we 
get 

(CH*Na * ( CH 3 C(NaO)0" 

cJS ♦ 0j0* „ o H 
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Whence, as before, by means of formiate 

[ CH*CHO" 
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Then on addition of hydrogen : — 
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&c. 


The compound last formulated is the primary propylic alcohol. Now, if the 
mechanism of these reactions be studied, it will bo apparent that the last atom of 
carbon which is joined on to the group is that which is ultimately combined with the 

peroxide of hydrogen. Wo add CO 2 , which goes through the stages, C6(ONa)~» 

coil?, and CII(OH)H?. 

If the formula} of the primary alcohols be examined, it will appear that one of the 
chief characteristic structural features of these alcohols is that the atom of carbon 
which is in combination with the peroxide of hydrogen is in combination with only one 
atom of carlmn. This condition is satisfied by the alcohol resulting from th» series of 
ri act ions above giron. It is supposed, but has not been proved, that the alcohols result- 
ing from the fermentation of sugar are identical with those given by the synthetical 
method. 


Genesis of the Alcohols of the Secondary Type. 

The formula of a secondary alcohol requires that the game atom of carbon which is 
in combination with peroxide of hydrogen should be in union with two atoms of carbon. 
This condition is satisfied by forming an alcohol by the addition of hydrogen to a 

ketone. The constitution of a ketone is this- 


is shown by tho general history 

of the ketones, but most decisively by their formation from carbonic oxidd and the 
compounds of the alkali-metals with tho alcohol-radicles: 
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CO + 2NuR 
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If then we take a ketone and operate upon its oxygen with nascent hydrogen, tho 
resulting alcohol must, contain an atom of carbon which is in direct union with peroxide 
of hydrogen, and with two atoms of carbon : c.g . — 
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The known examples of secondary alcohols are a pseudo- or abnormal propylic 
alcohol, obtained from acetone and nascent hydrogen, and by attacking glycerin with 
bydriodic acid, and then decomposing the resulting abnormal iodide of isopropyl with 
appropriate reagents — a pseudo-butyric alcohol, a pseiido-amylic, and a pscudo-hexylic 
alcohol, the last-named being obtained from glycerin. 


Genesis of the Alcohols of the Tertiary Type . 


Inspection of the formula of a tertiary alcohol will reveal the fact that a tertiary 
alcohol must contain an atom of carbon which 14 in union with one atom of peroxide of 
hydrogen, and three of carbon. This structural peculiarity has been realised by 
Buttlerow, who made chloride of acetyl act on zinc-ethyl as follows : — 


( 0 " 

CWC1 + 

iCH* 



C 


(of) 

C 2 H* 

C*H» 

CH 8 


Zn 


CL 




Chloride 
of acetyl. 



218 SECONDARY AMIDES— SELENIC ACID. 


' j C S H S 
(CH S 


Zn„^ 
r HO. 


The action of* water upon the latter compound gives hydrate of zinc and the tertiary 
alcohol : — 

r(o^r) /(? H ) 

cj c 2 H 4 + H 2 0 = * 

C 2 H* 

CH* 

In the reaction between carbonic oxide and sodium-ethyl there appears to result a 
certain quantity of a tortiaiy alcohol, as follows 

CO + 2NaC 2 H 5 = Na* + cjc 2 H\ 
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NallO. 


T|k characters of the tertiary alcohols are almost, unknown. The secondary alcohols 
boil at lower temperatures than the corresponding primary alcohols, and oxidise into 
ketones instead of into aldehydes. They are apt to ovolve their olefin o. 

J. A. W. 


8BCO!HrOA&T AMIDES and AMINES. Compounds derived from a singly 
or multiple zftoleculeof ammonia, by the replacement of two- thirds of the typic hydro- 
gen by acid and basylous radicles respectively (i. 170, 171). 

SMICHrirSITTB SALT. Sodio-potassic tartrate. (See Taictabio Acid.) 

SEL ADONITE. Syn. with Gueen Earth (ii. 941). 

SELBITE. An nsh-gr^y or black silver ore from Wolfncli in Jhiden and tho 
Jlexican mines, where it is called Plata Azul. It is said to consist mainly of silver- 
carbonate, but is probably only a mixture. 

SELSNALDINE. C fl H ,s NSo 2 . (Wohler and Liebig, Ann. Oil. Pharm. lxi. 

14.) A bast* analogous tothialdine, produced by the action of selcnhydric acid onuldc- 

liydatc of ammonium. To prepare it, the gas is passed into il ratlior concentrated 
aqueous solution of the aldehydute, in ail apparatus from which the air has been expelled 
by a current of hydrogen; and when tho liquid has deposited crystals of sulcnaldinc, tlio 
ex cosh of solenliydrie acid gas is likewise expelled by a current of hydrogen. Tho super- 
natant liquid containing selenhydratc of ammonium is then displaced by a stream of 
cold do-aerated water, and the crystals are collected on a tiller, pressed, and dried over 
oil of vitriol. 

Selena ldino forms email colourless crystals, probably isomorphous with thiaMino, 
having a faint disagreeable odour, and slightly soluble in water, easily soluble in alco- 
hol and other, but not cry stall isublo by evaporation in a vacuum. It is easily decom- 
posed by boat, giving off a fetid gas ; whon boiled with water it also gives off a very 
fetid substance, and deposits a yellow powder. Its solution in water, alcohol, or ether 
yields nldehydato of ammonium on exposure to tho air, and deposits an orange- 
coloured amorphous powder, which is insoluble in alcohol and ether, melts to a yellow- 
red mass in boiling water, and yields by distillation a very fetid oil containing selenium. 
Selenaldine dissolves iu dilute hydrochloric acid, forming a liquid which is precipitated 
by ammonia and decomposes quickly, depositing a yellow powder, and emitting an 
offensive odour. 

8ELENA318ZN . Syn. with Selekidb of Cacodyl (i. 408). 
r ^SEJXiESEriJTKYIi. (C v II 5 )’Se. Already described as Selenide of Ethyl, (ii. 

BELENHTDRIC ACID. II* So. Described as Selenidb or Hydkogen (iii. 
202). It may also be prepared by heat ing selenium in a slow stream of pure dry hydro- 
gen gas, forming easily as soon as the selenium assumes the form of vapour. It de- 
composes at higher temperatures ; remains gaseous at — 16°. (Uelsmann, Ann. Ch. 
Phann. cxvi. 122.) 

SELENIC ACID. See Selenium, Oxygen-acids of. 
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SISXiSSnBSS and BELENETBRATES. Selenium unites with metals and 
with alcohol-radicles, forming compounds analogous in composition, properties, and 
mode of formation to the sulphides. 

Metallic Selenides are obtained in the dry state: — 1. By directly fusing the metal 
with selenium, the combination being oft§H attended with development of light and 
heat, not so vivid, however, as in the combination of sulphur with tho same metals ; 
also by heating the metal in vapour of selenium.— 2. By precipitating most of the heavy 
metallic oxides dissolved in acids, by means of selenhydric acid, or of a dissolved 
selenido of an alkali-metal, or by heating a hydrated metallic selenido. — 3. By heating 
selenium with metallic oxides or their carbonates, whereby part of the selenium is 


convorted into selenioua oxide : thus, tho alkalis fused with selenium produce an 
alkaline selenite and a metallic selenido (Berzelius). — 4. By igniting selenitea or 
seleiiaies with hydrogen or charcoal. 

The selenides of tho alkali metals have a red or, if they contain excess of selenitnn, 
a dark red-brown colour, and the hepatic taste and smell of tho corresponding snlpliidfes. 
Their aqueous solutions, which may l»e obtained by passing selenhydric acid gas into 
solutions of the caustic alkalis, are colourless when pure, but are gradually coloured 
red by free selenium held in solution. On exposure to the uir, they decompose, with 
deposition of crystalline selenium. When selenhydric acid gas is passed to Aaturatidn* 
into a solution of caustic alkali, a selenhydrato of the alkali-metal, f/XHSe, ii 
produced. __ * 

The selenides* of tlic alkaline earth-metals are flesh-coloured, insoluble in pure fritter, 
hut soluble in aqueous selenhydric acid ; in their other characters they resemble* the 
selenides of t lie alkali-metals. The selenides of the earth-metals and ofmangifceae 
and zinc am also flesh-coloured and insoluble ill water. The other metallic selonideg 


an> mostly dark-coloured, and exhibit tho metallic lustre: they are generally more 
fii-dl ile than tins lm.-tals which they contain. When they are heated to redness in the 
air, the selenium burns slowly with a reddish-blue flame, and an odour of horseradish. 
S.-lenium is, however, more difficult to drive, off by roasting than sulphttft The •de- 
ludes are less easily soluble in nitric acid than the pure metals ; selonide of mercury,;, 
almost, insoluble. Chlorine, with tie* aid of heat, converts them into chloride of sele- 
nium and metallic chloride. Heated in hydrochloric acid gas, they yield metallic 
chloride and selenhydric acid. , * 


Some metallic selenides occur in nature as ruro minerals, or as impurities in sul- 
phides. iMcnidr of copper occurs as berzelianito at Skrikeruin in Sweden, and near. 
Lrhrhaoh in the Hurtz; seh nide of lead, and selenidc of lead and copper, us elans tha- 
lite, at Clausthal, Tilki rode, Lchrbuch, and other localities in tho llartz ; selenido of 
lend and mercury as Irlirbacliito at Lehrhach; selenidc of silver as nuunmnnite at 
TilkeroiLe ; selenitic of silver and copper, as eucairitc, at >Skrikorum. 

Tho selenides and sole » hydrates (selcnium-merca plans) of the aleoh ol -rad i cles 
arc volatile tel id liquids resembling the corresponding sulphur-compounds. The ethyl- 
aud methyl-compounds are the only ones yet obtained (ii. fill ; iii. O'JO). 

SELENIOCYANATES. CNMSo — CyMSe and C‘N 2 3l"So 2 - Cy 2 M"Se».— 
Tli'-sc eon i po umls, tli<* analogues of the Kulphocyanat.es, were discovered in 1820 by Ber- 
zelius tScliw. J. xxxi. 00), and have been more fully examined by Crookes (Cbcm. 
Soe. (in. J. iv. 12). Tho potassium-salt is obtained by fusing fcrrocyantdc of potas- 
s i u 1 1 1 with selenium. The solution uf this salt mixed with acetate of lead yields a pre- 
cipitate of selenioeyanate of lead, wliieh when decomposed by sulphydric arid, yields 
a solution of liydric selenioeyanate, or selenioeyanic acid ; and tins other seleniocyanates 
are obtained by neutralising the acid with bases, or by precipitation, according as they 
are soluble or insoluble. 

Selenu>cya,iatr nf Ammonium is a soluble very deliquescent salt, crystallising in 
minute needles like the potassium-salt. 

The barium-salt, is obtained, but not in definite crystalline form, by dissolving car- 
bonate of barium in the aqueous acid, and evaporating in a vacuum. — The calcium-salt 
crystallises in groups of stellate needles; the strontium-salt in fine prisms. 

Cupric Selenioeyanate. — Selenioeyanate of potassium added to cupric sulphate throws 
down a brownish precipitate, which is probably cupric selenioeyanate. It is rapidly 
decomposed, even at ordinary temperatures, yielding black sclenide of copper, with 
separation of selenhydric acid. (Crookes.) 

liydric Selenioeyanate , or Selenioeyanic Acid, CNlISo = CylTSe, is prepared by 
passing a rapid stream of sulphydric acid gas through a warm aqueous solution of 
selenioeyanate of lead in which the same salt is suspended in a state of fine division ; 
heating the filtrate nearly to boiling to expel the excess of sulphydric acid ; and again 
filtering, to separate a small quantity of precipitated selenium. The solution thus 
obtained is strongly acid, and easily decomposed by boiling or by exposure to the air. 
It cannot be concentrated without decomposition even in a vacuum over oil of vitriol. 
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SELENIOC Y AN ATES. 


The addition of almost any acid cans os an immediate precipitation of selenium, hydro- 
cyanic acid remaining in solution. It dissolves zinc and iron, with evolution of hydro- 
gen, and decomposes carbonates. 

Ferric Selcniocyanatr. — Tho rapid decomposition which selenioeyanic acid undergoes 
in contact with stronger acids, prevents the formation of any red colour with ferric 
salts by doubio decomposition. Neither, according to Crookes, is a ferric solenio- 
cyanate obtained by treating ferric oxide with selenioeyanic acid, selenium being 
immediately precipitated. On one occasion, however, in preparing soleniocyanate of 
potassium by the process described below, the fused mass having been treated with 
absolute alcohol in a well-closed Husk, a deep blood-red filtrato was obtained, the 
colour of which soon disappeared on exposure to the air, with deposition of 
selenium. On other occasions no colour was obtained, tlio iron always remaining as a 
black powder, chiefly consisting of carbide of iron. 

Sdeniovyanate of Lead, C 2 N 2 Pb"S 2 = Cy*Pb"S 2 . — Soleniocyanate of potassium forms, 
with acetate of lead, a lemon-yellow precipitate, which dissolves, with slight decompo- 
sition, in boiling writer. The filtered solution, which is neutral to test-paper, deposits, 
on cooling, beautiful lemon-coloured needles, which are insoluble in alcohol. The salt 
may be heated to 100° without decomposition, but/assumos, when moist., a slight pink 
tint. Tho crystals are extremely light. (Crookes.) 

Scleniocyanate of Magnesium, is soluble, and dries up to a gummy mass apparently 
destitute of crystalline structure. 

Mercuric Sc/eniocyanate with Mercuric Chloride , C*N*Hg"S*.ITg"Cl*. — Obtained by 
adding an excess of mercuric chloride to soleniocyanate of potassium. When strong 
solutions are used, the whole immediately solidifies into a felt-like mass of yellowish 
crystals; these, after washing with water, are purified by rccrystallisation from 
alcohol. ^ Tho crystals are but sparingly soluble in cold water, but dissolve more 
readily in hot water, still more in alcohol and in dilute hydrochloric acid ; the latter, 
however, separates selenium after a while. Nitric acid and aqua-regia dissolve tho 
double salt entirely, tho liberated selenium being immediately oxidised. The crystals 
lire anhydrous, and may bo heated to 100° without decomposition; above that tempera- 
ture they are decomposed, intumescing in a remarkable manner (Crookes). All 
attempts to produce the simple seleniocyanato of mercury failed, tho doubio salt just 
described being always produced 

Selmiocyanate of Potassium, CNKSe = CyKSc. — Prepared by fusing 1 pt. of selenium 
with 3 pts. of dry ferroeyanide of potassium in a small retort ; digesting the resulting 
greenish-black mass with absolute alcohol ; and passing carbonic anhydride through tho 
solution to decompose cyanide and cyanate of potassium, and precipitat e the potassium 
in the form of acid carbonate (a salt which is quite insoluble in absolute alcohol). The 
alcohol is then distilled otF, togother with the hydrocyanic and cyanic acids ; and 
the watery extract of the residue is left to crystallise in vacuo over oil of vitriol. Tho 
formation of the salt is expressed by tho following equation : 

CWKW + So* = 4CNKSo + FcC- + N 2 . 

The residue in the retort consists chiefly of carbide of iron, together with undecomposed 
yellow prussiate, and traces of selenium (Crookes). The salt may also he prepared 
by dissolving selenium in aqueous cyanide of potassium. (Wiggors. Wohler.) 

Soleniocyanate of potassium crystal lisrs in needles, having the sumo form and tasto 
as tho sulphocyanato. It is very deliquescent, and even more soluble than the sulpho- 
cyanate. Its solution is decomposed even by weak acids, depositing selenium and 
giving off hydrocyanic acid. The crystals aro strongly alkaline to test-paper, and 
produce great reduction of tomperat are when dissolved in water. They may bo heated 
without decomposition in closo vessels; but if tho air lias access to them, they alter 
when heated a little above 100°. 

The saduim-mlt, obtained by neutral isat ion, is very soluble, and when evaporated in 
a vacuum, crystal 1 isos in small foliated crystals. 

Selcniocyanaic of Sdv ( r, (NAgSe. — The potassium-salt forms with nitrate of silver 
a curdy precipitate resembling chloride of silver ; but if tlie silver-solution be pre- 
viously mixed with ammonia, the soleniocyanate of silver is precipitated in beautiful, 
minute, satiny crystals. This salt blackens readily on exposure to light; is insoluble in 
wuter, and very sparingly soluble in cold dilute acids. It is instantly decomposed by 
boilingwith strong acids ; and unless oxidising acids are used, selenium is precipitated. 
(Crookes.) 

. ^elmwoyanate of Zinc, obtained by dissolving either the metal or its oxide in sele- 
niocyanic acid, forms groups of prismatic needles, which are not deliquescent. 

8ILBNZOCTAVZC ACZD. Syn. with Hydric Skleniocyanatb (p. 219). 

aaLKTZOOT&HIC ANBTDXIS 1 . C*lTSo - So.— Produced by the 
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SKLENIOCY ANIC ETHERS— SELENIUM. 

action of iodide of cyanogen on eeleniocyanate of silver. It is a volatile crystalline 
body, closely analogous in all its properties and reactions to sulpbocyanic anhydride 
{q.v.). (Linnemann, Ann. Ch. Pharm. cxx. 36.) 

SEEECTXOC'XMUTXC ETHERS. Tho only one known is the allylic ether, 
CN(C a II s ).Se, analagous to volatile oil of mustard, which is obtained, though not quite 
pure, by cohobating 1 at. seleniocyanato of potassium in alcoholic solution with 1 at. 
allylic iodide for twelve hours, then distilling, and mixing the distillate with water. 
Allylic seloniocyanate then separates as a heavy yellow oil, which may bo obtained 
colourless by treatment with chloride of ea lei urn and rectification, but does not exhibit 
a constant boiling-point (160° — 184°). The portion boiling at 160° gave by analysis 
38-5 per pent, carbon and 42 per cent, selenium, whereas the formula requires 32*6 
and 544. The compound has an extremely offensive alliaceous odour, and when exposed 
to the air, gradually turns red from separation of selenium. It differs from the sulpho- 
cyanato in not inflaming tho skin, and not forming a crystalline compound with 
ammonia. (Wohler, Ann. Ch. Pharm. cix. 125). 

SEX.E2VXOUS ACXD. See Selenium, Oxygen-acids of (p. 22C). 

SELENITE. Crystallised nativo sulphate of calcium. . (See Gypsum, ii. 062.) 

SELfiNXTES. Sec Selenium, Oxygen-acids of (p. 226). 

SELENIUM. Atomic weight, 79’5. Symbol, Se. — A n elementary substanco belong- 
ing to tho oxygen-group, and occupying the intermediate place between sulphur and 
tellurium. It is closely allied in its properties to sulphur, and often associated with 
that element in tho mineral kingdom. Jt. was discovered by ilerzolius in 1817, in the 
refuso of a sulphuric acid manufactory at Gripsholm near Kahlua, in Sweden. Though 
not an abundant element, it enters into the composit ion of many minerals. It occurs 
in the free state at Culcbras in .Mexico, in crystals, which, according to Mitscheriich, 
arc monodinie, and in greyish or brownish-black incrustations having a submetallic 
lustre.* iSelonifes of cadmium, copper, iron, cobalt, nickel, lead, silver, and mercury, 
are also found native (p. 219). Selenium frequently occurs as an impurity in native 
sulphur, as at Yuleaiio, one of the Lipari Islands, and in metallic sulphides, Jt occurs 
t<» :i greater or less extent in the iron pyrites of certain localities, particularly at 
Kahlun in Sweden, and at Krnslitz and Luekawitz in Bohemia ; also in some forms of 
copper pyrites, those from Raminclsberg and Anglcsea, for instance; and occasionally 
in small quaul it ies associated with tho sulphides of lead and molybdenum; also ill 
lei In rin in-orcs, and in pitehbendo from Ju!iang«*orgenstadt and Schnceborg. Tho 
principal sources of selenium are the double selenitic nf tend and copper found at 
Chiusihal and otlu r places in tin* Hartz, and tin* deposit which occurs in the leaden 
chambers of certain vitriol works, whore selenilcrous sulphur or pyrites is burned. 

l*r< partition . — 1. Krotn the rupruplumbic seh-nidcs of the Hart/. The pulverised 
ore is treated wit li hydrochloric acid, to dissolve the earthy carbonates, and the washed 
and dried residue is ignited for some time wilh an equal quantity of black flux. Tho 
selenium is thereby converted i:.to selenide of potassium, which by treatment with 
boiling water is dissolved away from the oxides formed at the same time. This solu- 
tion, when exposed to the air, absorbs oxygen, and yields tho selenium as a grey 
deposit, which is washed, dried, and distilled. 

2. Tho sol Piliferous deposit from certain vitriol works, as those near Kahlun, is 
mixed with nitrate and carbonate of potassium, and deflagrated in a red-hot crucible. 
The residue, containing sob nate of potassium, is treated with hydrochloric acid, and tho 
whole is evaporated down to a small bulk, whereby a reducing action is set up, and 
selenious acid is liberated; and on saturating the liquid with sulphurous acid, and 
heating it to the boiling-point s- Ionium is deposited in red amorphous flakes. For 
further details respecting both these processes, see (imelini s Handbook t ii. 232. 

Another method of obtaining selenium from the deposit of the. sulphuric acid 
chambers, recommended by Lie be (Arch. Pharm. oi. 26), is to treat the deposit with 
nitromuriatic acid ; expel the excess of this acid by heat, after addition of sulphuric 
acid ; wash the residue when cold with water; neutralise the solution with audio carbonate ; 
evaporate to dryness; roast the residue at a gentle heat with an equal weight of 
sal-ammoniac, till it becomes red-brown (nitTogen and sal-ammoniac being then given 
off, but no appreciable quantity of selenium); and treat the red- brown mass with water, 
which leaves the selenium undissolved. 

3. Bdttger has shown that the flue-dust of tho roasting furnaces in the desilverming 
works at Mansfeld, in Saxony, contains uncombined selenium in quantity suflicicut 
for profitable extraction (9 per cent, according to Kern per, Arch. Pharm. [2J ci. 26 j. 

♦ This native selenium is sometimes called Rialitt , from Del Rio, w ho discovered It ; hut that name is 
also applied to sHcnide of silver, found by the same mineralogist at Tasco in Mexico (p. 11IJ. 
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To separate the selenium, Bottger levigates the flue-deposit; washes out the heavier 
parts with water containing hydrochloric acid, and with pure water; then fuses it with 
crude sodic or potassic carbonate ; pulverises the fused mass, lixiviates it, and leaves the 
brown-red liquid exposed to the air ; then separates the deposited selenium by filtration, 
and distils it, (J. pr. Chem. lxxi. 612.) 

Properties. — Selenium, like.sulphur, occurs in different allotropic states, both amor- 
phous and crystalline. These modifications have been especially studied by Hittorf 
(Pogg. Ann. lxxxiv. 214; Jahresb. 1851, p. 318), Mitscherlich (.T. pr Chem. Ixvi. 
301 ; Jahresb. 1855, p. 314), and Kegnault (Ann. Ch. Phys. [3] xlvi. 257; Jahresb. 
1856, p. 44.) 

1. Amorphous . — Selenium, precipitated from a solution of sclonhydric acid by exposure 
to tho air, or by electrolysis (electronegative selenium), is amorphous, and soluble in 
sulphide of carbon ; that which is deposited from aqueous selenious acid, either by 
electrolysis or by the reducing action of sulphurous acid (electropositive selenium), is 
likewise amorphous, but insoluble in sulphide of carbon. 

Amorphous selenium softens when heated, becomes semifluid at L00°, and perfectly 
fluid at a somewhat higher temperature (Berzelius, Truitt de Chhnic [18IG], ii. IDO). 
On cooling, the selenium remains soft for a long time, and may bo drawn out, like 
sealing-wax, into long thin flexible threads, which w hen flattened arc transparent, and 
of a deep ruby colour by transmitted light. When quickly cooled from fusion, it forms 
a brittle solid, having a glassy fracture, almost metallic lustre, and deep brown colour. 
This vitreous selenium has a specific gravity of 4*3, is nearly insoluble in sulphide of 
carbon, does not conduct electricity, but becomes slightly electrical by friction in a dry 
atmosphere. 

2. Crystal tine. — a. Selenium, when very slowly cooled from the fused stale, forms a 
lead-grey mass having an irregular granular surface and fine-grained fracture (JJer- 
zolius). Vitreous selenium remains unaltered nt ordinary temperatures, but 
at temperatures between 80 J and 217°, most quickly between 125° and 180°, it 
becomes crystalline, the change being attended with considerable rise of temperature 
(Hittorf). According to Kegnault, vitreous selenium remains unaltered, even 
when heated to 0(>° for several hours; but at 9fl J or 97° it passes quickly, and with 
great evolution of heat, into tho crystalline state, acquiring a bluish-grey colour, 
metallic lustre, and granular fracture. According to 31 it seller I ivh, the change from the 
vitreous to the crystalline slate is most easily effected by melting the selenium in a 
flask, heating it above 21 7°, then quickly cooling it to 180° — 190°, and keeping it for 
some time at this temperature. This erystallo-gramilur selenium is quite insoluble in 
sulphide of carbon. According to Hittorf, it melts at 217° without previous softening; 
but according to Kegnault, it gradually softens when heated, and does not become 
completely fluid t ill heated above 250°. 

j8. Selenium deposited from a solution of sehmide of ammonium, potassium, or 
sodium, on exposure to the air, is likewise crystalline, and has a specific gravity of 4 808 
at 15° (Hittorf); 4*760 — 4*788 at 15° (31 itscherlich). It is likewise insoluble in 
sulphide of carbon, and, according to 31 it schorl icli, is identical in every respect with tho 
crvstallo-granular variety obtained by tlm transformation of vitreous selenium. Crys- 
talline selenium conducts electricity better thaii tho vitreous modification, and the morn 
easily as its temperature is higher. 

y. Selenium is deposited from solution in sulphide of carbon in small but distinct 
crystals, w hich, according 1o Mitscherlich, are monoclinic, exhibiting the dominant fact s, 
ol\ 0 4* 1*, —I*, together with numerous secondary faces. Axes a ; h \ c — 0*0170 : 

1 : *9622. Angle h : c = 75° 34'; ol J : + P = 112° 36' ; oP : -P = 124° 48' : 
ooPco: h-P == 111° 48'; oepao ; — P = 123° 03'. These crystals dissolve easily, 
though sparingly, in sulphide of carbon, 100 pts. of that liquid dissolving 1 pt. of 
selenium at the boiling heat, and 0*016 pt. at 0°,, They retain their solubility after 
being heated to 100°, but if heated to 150°, becomes nearly black and quite insoluble 
in sulphide of carbon ; the selenium thus modified regains its solubility hy melting 
and rapul cooling. Tho crystals before being heated have a specific gravity of 4 16 to 
4*509 at 15° ; after heating, it increases to 4*7°, being then nearly equal to that of the 
variety deposited from solutions of alkaline solenides. Crystalline selenium appears 
indeed to be dimorphous, the two varieties being probably related to one another in 
the same manner in monoclinic and rhombic sulphur (ii. 332). Native selenium 
(p. 221) appears to be monoclinic (3rit sell erlich) ; its specific gravity is 4*3 — 4 ‘2, 
and hardness 2 0. 

Amorphous and crystalline selenium exhibit, according to Regnanlt, a considerable 
difference of specific heat at comparatively high temperatures. Ho found the specific 
beat of ciystalline selenium between 98° 'and 20° to be = 0 0762; that of amorphous 
selenium considerably greater — viz., 0*1036 between 87° and HP, and 0*1026 between 
77° and 18°. At lower temperatures, however, as between — 20° and 7°» the specific 
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heats of the two modifications are sensibly equal. The change from the amorphous 
to the crystalline state is attended with the evolution of a quantity of heat sufficient, 
according to Regnault, to raise the temperature of tho selenium 200 degrees. 
Mitscheriich, however, found the rise of temperature to be much smaller, viz. 20°; 
and according to Ilittorf, it is only 5° (the thermometer rising from 210° to 2 16°). 

•Selenium heated in close vessels boils below a red heat, and is converted into a deep 
yellow vapour, which condenses in scarlet flowers or black lustrous drops, according to 
the size of the condenser. At temperatures not much above its boiling-point, the 
density of its vapour, like that of sulphur under similar circumstances, is anomalous; 
but at higher temperatures it diminishes, and ultimately the vapour occupies a bulk 
nearly equal to that of an equivalent quantity of oxygen. According to Devi lie 
and Troost (Ann. Ch. Pharm. exxvii. 274), tho vapour-density of selenium is 7’67 at 
860°, 6-37 at 1040°, and 5*68 at 1420°, tho calculated density for a two-volume con- 
densation being 5'f) 4. 

Selenium is quite insoluble in water, whether cold or hot. It dissolves to a slight 
amount in oil of vitriol, but is precipitated on dilution. Its relations to sulphide of 
carbon have already been mentioned. !Moiioelinic selenium and the amorphous variety 
deposited from sel euliydric acid are soluble in that liquid; tho vitreous modification 
is very slightly soluble ; and the crystallo-granular variety, the crystalline selenium 
deposited from alkaline selenidos, and tho amorphous variety deposited from solenious 
acid, arc quite insoluble. 

Selenium does not take fire very readily, but when thoroughly heated in contact with 
air, it burns with a blue flame, forming sel eu ions anhydride, giving off yellowish -ml 
vapours of unoxidised selenium, and emitting an odour like that of decayed horseradish, 
probably due to a protoxide of selenium formed at tho same time. When 
heated in a current of oxygen gas, it is wholly converted into solenious anhydride. It 
unites directly with bromine and chlorine, and, when heated, also with iodine, sulphur, 
ph osphorus. ami metals. It is oxidised and dissolved by nitric and nitro muriatic acid, 
yielding selenious acid. 

SELENIUM, BROMIDE OP. When pulverised selenium is dropped by small 
quantities into bromine, combination take* pluec, attended with loud hissing and con- 
siderable evolut ion of heat ; and tho compound instantly solidities to a brown-red or 
orange-red mass, which fumes in the air and smells like chloride of sulphur. 
It volatilises when heated, part being resolved into selenium and bromine, whilo 
tlu» rest sublimes as a yellow mass. Water dissolves and decomposes it, forming 
hydivbromie and selenious acids. (Seru lias.) 

SEX.SltfXTTnx, CHLORIDES OP, There are two chlorides of selenium, both 
formed by direct combination. The dictilorid e % Se*(T J , or pcruelenide of cliht- 
r i jt r, analogous to persulphide of chlorine, Jv('l 2 , and persulphide of hydrogen, JI-S”, 
was discovered by Berzelius, who obtained it by heating the tetrachloride, with 
selenium. According to Saoe (Ann. Ch. I'liyn. [3] xxiii. 124), it may be obtained by 
passing a slow stream of dry chlorine through an inclined glass tube filled with 
fragments of fused selenium. The heat evolved by the reaction volatilises the 
chloride of selenium, which condenses in the colder parts of tho tube, and flows in 
thick drops through the open end into a perfectly dry receiver. 

Bichloride of selenium is a dark-yellow oily liquid, having a pungent odour, not very 
Volatile according to Berzelius, extremely volatile according to Sure. It is slowly 
decomposed by cold, quickly by hot water, into hydrochloric acid, selenious acid, and 
free selenium ; but the decomposition is seldom complete, because a port ion of the dichlo- 
ride generally becomes mechanically enclosed in the solid selenium. 

Tetrachloride of Selenium, SeCl 4 , is produced bypassing chlorine gas over 
fused selenium, contained in a bulb-tube. The liquid diehloride is at first produced, 
and is afterwards converted into a white solid mass of tho tetrachloride, which when 
further heated, volatilises as a yellow' vapour, and sublimes on the colder parts of the 
apparatus in small thin crystals. By prolonged heating, the crystals aggregate into 
a white semi-fused mass, which becomes fissured on cooling. Tetrachloride of sele- 
nium dissolves in water with rise of temperature and slight effervescence, forming a 
solution of hydrochloric and selenious acids: SeCl 4 + 311*0 = 4IICJ + II*SeO* 
(Berzelius, Ann. Ch. Phys. [2] ix. 225). When decomposed by a small quantity 
of water, or by exposure to moist air, it yields oxychloride of selenium, SeCPO or 
SeClhSeO- (p. 224). 

When a selenate is heated with common salt and sulphuric acid, tetrachloride of 
selenium mixed with free chlorine passes over fir*f, and then green vapours, which con- 
dense to an oily mixture of selenious and sulphuric acids. (If. Bose, Pogg. Ann. 
xxvii. 575.) 

Tetrachloride of selenium gradually absorbs vapour of sulphuric anhydride, especially 
when the two substances arc enclosed in a closely -cork* d vessel and placed in a warm 
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room; they then unite, without disengagement either of sulphurous anhydride or of 
chlorine, and form a very dense greenish-yellow syrup, the excess of sulphuric anhy- 
dride remaining in the crystalline form. On distilling the syruj) at a gentle heat, the 
excess of sulphuric anhydride passes over first, and the residue in the retort solidifies 
on cooling to a white crystallino mass. This, when more strongly heated, melts to a 
light-brown liquid, and evolves (with disengagement of chlorine, but not of sulphurous 
anhydride) a reddish-yellow vapour resembling nitric peroxide, which condenses to a 
colourless syrup, and finally to a white mass resembling wax. The lattor substance is 
freed from adhering chlorine by a second distillation. After this treatment, it boils 
constantly at 187°, and may be redistilled without leaving any residue or undergoing 
further decomposition. It contains, on the average, 12*895 per cent, of selenium and 
30*885 of chlorine; and, according to H. Roso, may be regarded as 2(SeCl 6 .5S0 3 ) ■+■ 
6(SeCl 4 .Se0 2 ). Berzelius, on the other hand, regards it as consisting mainly of tho 
compound SeCl\RO\ analogous to the compounds of sulphuric anhydride with other 
chlorides. It deliquesces rapidly in the air, exhaling the odour of hydrochloric acid; 
and dissolves readily in water, without first sinking to tho bottom in oily drops; thie 
solution, which is generally coloured red, from the presence of a small quantity of free 
selenium, contains hydrochloric, sulphuric, and selonious acids (no solenic acid). 
(II. It os (3, Pogg. Ann. xliv. 315.) 


SELENIUM, CYANIDES OP, Syn. with Sei eniocyanic Anhydride (p. 220). 

SE&BirXUIMr, DETECTION AND ESTIMATION OF. 1. Blowpipe- 
reactions . — Metallic setenides heated in tho outer ilamo, and se.l unites or sclenates 
heated in the inner flame, on charcoal, give off a characteristic odour, like that of decayed 
horseradish. When a metallic selenide is heated in the outer flame on charcoal, the 
charcoal generally becomes covered, at some distance from the bead, with a steel-grey, 
slightly metallic deposit of selenium, which may bo easily driven by the oxidising 
flamo from one part to another. Selenium-compounds heated on charcoal with carbo- 
nate of sodium yield a residue of selenide of sodium, which when placed on a clean 
silver surface and moistened with a drop of -water, produces a black stain. When a 
metallic selenide is heated in an inclined glass tube open at both ends, part of the 
selenium is volatilised in the Ircc state, and forms a red sublimate on the upper part of 
tho tube, the metal being at tho same timo oxidised. Sometimes also selenious oxide 
is formed, and deposited on the colder part of the tube in a network of crystals. 

2. 11 factions in Solution , — Sclonhydric acid and solutions of alkaline selenides 
deposit selenium on exposure to the air, the former yielding it in red amorphous flakes, 
the latter as a groy crystalline film (p. 222). Selenidcs ' heatod with acids, give off 
Bolenhydnc acid gas, which is inflammable, has a peculiar fetid odour, and forms dark- 
coloured precipitates with most metallic solutions (iii. 202). 

Sohibie seleni tcs give with sulphurous acid and other reducing agents, a rod pro- 



chloric acid, gives off chlorine and is reduced to selenite of barium, w I lieli' dissolves!* 

3. Estimation and Separatio n.- — Tho methods adopted for the quantitative 
estimation of selenium vary according to the naturo of the compound to be analysed. 
When the selenium is contained in a solution in the form of selenious acid or a 
selonite the solution is acidulated with hydrochloric acid, and .mixed with an alkaline 
sulphite. 1 lie selenium is thereby reduced and precipitated as a red powder, which, on 
heating the liquid, cakes together and turns black. The treatment with alkaline sul- 
phite must bo repeated till no more red coloration is produced. Tho precipitate is 
then to bo collected on a weighed litter, washed, dried at a gentlo heat, and weighed. 

with hvrb U .!u n l . lk,,w -Tw nlllln ? , nitrir acid - this acid be decomposed by boiling 
vvv °i l nlU ' lu>ld before adding the alkaline sulphite. ** 

wi hki!! 1 ;! in TVr i0n T ? c ! enic acid * liquid must be boiled 

with hydrochloric acid to convert the solenic into selenious acid, from which the sele- 
nium may then be precipituted by an alkaline sulphite as above. The precipitation of 

fc no^ ^° eS vi * ffive , Very Cxact results * because sehmat/of barium 

JL T 1 lble T ddu ^® acids, and, moreover, has even a greater tendency than 

the sulphate to carry down other salts, which cannot be separated from it by washim? 
with hot water. Insoluble sclenates, like solenate of barium, wWehl m 3 
reduced to selemtes by boiling with hydrochloric acid must l-v a a 

digestion with a solut ion of alkaline cahbonate if howere^ TIT- *7 
mixed with sulphate the docom^ition „f tho fo/merly 

barium »,,notbesearatenrvtl^ 
method (if. Ito.se, Popp. Ann. ext... +72, 621 ; Jahrosb. 1861, p. 828). The quanti^s 
Of these two salU in a mixture may, however, be ascertained by an indirect method. 
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A weighed quantity of the mixed barium-salts is fused with a mixture of potas&ie and 
uodic carbonates in equivalent proportions ; the soluble salts are washed out; and the 
residual barium-carbonate is weighed. If now the weight of barium -sulphate equiva- 
lent to this weight of carbonate bo subtracted from the woight of the mixture of sul- 
phate and selenate, and the difference be multiplied by . — (since 

14l)*o — 116*5 24 v 

BaSO' » 140*5 and BaSO 4 = 116*5), the product will give the quantity of barium- 
selenate in the mixture. (Wohlwill, Handw . d . Chem. vii. 800.) 

Selenites and selenates may also be analysed by fusing them with 7 or 8 pts. of 
potassium-cyanide in an atmosphere of hydrogen. The whole of the selenium is 
thereby converted into seleniocyanate of potassium, the aqueous solution of which 
when boiled for some sirne (to convert any selenide of potassium that may be present 
into seleniocyanate), and supersaturated when cold with hydrochloric acid, deposits the 
whole of the selenium in the course of 12 to 24 hours. The selenium may then be 
dried at 100° and weighed. Free selonious or selenic acid in solution may bo neutra- 
lised with an alkaline carbonate, the solution evaporated to dryness, and the residue 
treated as just described. (Oppenheim, J. pr. Chem. lxx. 266; H. Rose, loc . 
cit.) 

Selenium may also he separated from sulphur and tellurium by fusing the mix- 
ture, in which the selenium and tellurium may both exist as oxygen-acids, with 10 pts. 
of cyanide of potassium in a long-necked flask through which aistream of hydrogen is 
passed. Tho selenium and sulphur aro thereby converted into selenioeyanate and sul- 
phoeyanate, and tho tellurium into telluride of potassium ; and on passing a stream 
of air through the aqueous solution of the product, tho wholo , of the tellurium is pre- 
cipitatod'in the free state, and the filtrate, treated with hydrochloric acid as above, 
deposits the selenium, while the sulphur remains in solution. From a finely -pulverised 
mixture of sulphur and selenium, the whole of tho selenium may be dissolved out by 
digestion with a w’sirm solution of potassium-cyanide, which also takes up part of the 
sulphur. The undissolved sulphur is then collect ed and weighed, the selenium precipi- 
tated from the flit rate by hydrochloric acid, the dissolved sulphur oxidised by chlorine to 
sulphuric acid, and precipitated by a barium-salt ( II. Rose). Small quant dies of selenium 
may be detected in sulphur by boiling with aqueous potassium-cyanide, the solution, if 
selenium is present, exhibiting a reddish turbidity when treated with hydrochloric 
acid. 

Metallic Sclcnidcs are best analysed by beating them in a stream o t chlorine, 
the selenium then volatilising as di- and tetrachloride, while the metallic chloride in 
most caseB remains behind. The chlorides of selenium aro collected in water, whereby 
a solution of selenious and selenic acids is formed. This is heated with hydrochloric 
acid, to reduce the. selenic to selenions acid, and the selenium ih precipitated therefrom 
by tm alkaline sulphite as above. In applying this method to the seJemdes of lead ami 
zinc, care must bo taken not to apply too strong a heat, as tho chlorides of these metals 
are somewhat volatile. The chlorides of mercury, arsenic, and antimony pass over 
into tho receiver, and aro dissolved together with the chlorides of selenium. Tho 
presence of arsenic or antimony docs not interfere wit h the precipitation of the selenium 
by sulphurous acid I ; but mercury would be precipitated at the same time, in the form 
of calomel. In this ease, therefore, the wholo of tho Felonious acid must bo converted 
into selenic acid by saturating the liquid with chlorine; tho selenic acid pri cipilutcd 
by a barium-suit, the excess of barium removed by sulphuric acid, and tho mercury 
precipitated as calomel by an alkaline formate. 

4. Atomic Wei g ht of Selenium . — Numerous attempts have been made to de- 
termine the atomic weight of selenium by the analysis of selenites and selenates. but 
the results are by no means accordant (Handw. d. Chem. 2 tfl Auflage, ii. [2] 500). 
Berzelius found that 100 parts of selenium heated in a current of chlorine yielded 

279 pts. of tetrachloride, SeCl 4 : whence Se =■ -jjr.L * = 79*32. Dumas (Ann 

179 ^ 

Ch. Fharm. cxiiL 31), by a similar method, taking care to condense the chloride of 
Selenium completely by passing the exeoss of chlorine through a tube cooled to —20°, 
and then through another filled with asbestos, obtained, as a mean of seven experiments, 
Se = 79*46. 

SXLEBnUM, FLITOE1BB OF • Obtained, according to Knox, by heating 
fluoride of lead in selenium-vapour, selenide of lead then remaining, while the fluoride 
of selenium sublimes in crystals. It volatilises undecomposed at higher temperatures, 
dissolves in strong hydrofluoric acid, but is immediately decomposed by water into 
hydrofluoric and seienious acidij, 

SnssrxmeiCv XOBXDSS OX*. Not known with certainty. Equivalent quantities 

Vol. v. Q 
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of iodine and selenium melt together when heated, to a blackish -grey mass, from which 
the whole of the iodine is extracted by absolute alcohol. (Trommsdorff.) 

lE&fiNXlTMi OXIDES &17D OXTOEV-ACIDS OF. The only oxide of 
selenium whose composition is exactly known is the dioxide or selenious anhy- 
dride, »SeO a , the hydrate of which is selenious. acid, K 2 Sc0 3 . A lower oxide is 
produced by the imperfect combustion of selenium in air or oxygen, but its composition 
has not been ascertained. It is a colourless gas, which is the source of the peculiar horse- 
radish odour evolved in the combustion of selenium ; it is sparingly soluble in water, 
but has no acid reaction. Tho tri oxide, or anhydride of eelenic acid, H 2 0,Se0 3 , has 
not been isolated. 

Dioxide of Selenium, Selenious Oxide or Anhydride, SeO*. — This compound, 
the analogue of sulphurous oxide, SO 2 , is produced by burning selenium in a stream of 
oxygon ; or by evaporating the solution of selenious acid to dryness. In the latter 
case it is obtained as a white mass which does not melt, but, at a heat somewhat below 
redness, volatilises in the form of a yellow vapour, which condenses in white four-sided 
needles. It absorbs water rapidly, producing selenious acid. 

Selenioua Acid, IT-’SeO 3 = ^ [ O fl . — This acid is produced by the hydration 

of selenious oxide, or by the action of nitric or nilromuriatir. acid on selenium. From 
its hot aqueous solution, it is deposited, on slow cooling, in prismatic crystals like those 
of saltpetre, which readily absorb water, but effloresce in dry air. When heated it 
splits up into water and tho anhydride, which sublimes at a higher tciii|X'vature. Its 
solution has an acid taste, and is reduced, especially fit the boiling heat, by sulphurous 
acid or a sulphite, with deposition of red amorphous selenium : also by stannous 
chloride , find by nil metals, except gold, palladium, and platinum, but not. by ferrous 
sulphate. Sulphgdric acid throws down from its solution a yellow precipitate, usually 
regarded as disulphide of selenium, but consisting, according to II. Ruse (Fogg. Ann. 
evii. ISO), merely of a mixture of selenium and sulphur: 

IlhScO 3 + 2IFS - 3H 2 0 + Se + S- 

Sel onions acid is not decomposed by boiling with hydrochloric acid. It is oxidised to 
sclenic acid by chlorine in presence of water, by pofassic chromate , peroxide of manga- 
nese, and peroxide of lead, and by fusion with saltpetre, 

Selenious acid is a very powerful acid, approximating to sulphuric acid in the energy 
of its reactions. It reddens litmus, neutralises alkalis completely, effervesces with 
carbonates, and being non-volatile, decomposes chlorides and nitrates with aid of heat. 
Its aqueous solution precipitates the neutral salts of lead and silver. 


Sclcnitcs. 

Selenious acid is dibasic, forming neutral salts, M 2 SeO s and M"SeO s , and acid salts, 
HMSeO 3 and Il J M"Se‘-O a . The acid selonites of the alkali-metals also form doublo 
or hyperacid salts, with an additional quantity of selenious acid : c.g. HKSoOlH^SeO 1 . 
The neutral sclcnitcs have a purely saline tnstn. They aro decomposed by heating 
with charcoal , yielding selenides, or metallic oxide and selenium. When heated 
with carbonate, of sodium in tho inner blowpipe-flame, they emit the characteristic 
horseradish odour. The fused mass moistened with water produces a brown stain 
on silver. Ileatcd with chloride of ammonium , out of contact with the air, they yield 
a sublimate of metallic selenium. The selonites of the alkali -metals are soluble in 
water, and their solutions, acidulated with hydrochloric acid, behave like the free 
arid with sulphurous acid, sulpliydrio acid, &e. The other sclcnitcs are insoluble in 
water, but soluble in nitric acid; the lead- and silver-salts, however, dissolve but 
slowly. The selonites lnivo been examined chiefly by Berzelius and by Muepratt. 
(Chem. Sue. Qu. J. ii. 62.) 

Sklewitrs op At.uminium.— Tho neutral salt, Ai*O s .3SeO* = ° 8 , 

obtained by precipitating an aluminium-salt with neutral selenite of potassium, is a 
white powder insoluble in water, and decomposing when strongly heated, giving off 
first water and then the whole of its acid (Berzelius). — An acid salt is formed 
by dissolving the neutral salt or aluminium-hydrate in selenious acid, and is obtained 
by evaporat ion ns a colourless, gummy, transparent mass, having a harsh taste and 
easily soluble in water. (Ilerzelius.) 

. Sklunites op Ammonium. — The neutral salt, (NliySeO*, Is obtained in shin- 
ing deliquescent crystals, bv saturating alcoholic selenious acid with ammonia-gas 
(Muspr utt) ; also by leaving a solution of the acid in excess of aqueous ammonia to 
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evaporate ia a warm place. When heated it gives off water and ammonia, and after- 
wards water and nitrogen, together with a small quantity of the hyperacid salt, and 
leaves a residue of fused selenium : 


3(NH 4 ) 2 SeO* = 9IF0 + 2NII 9 + 2N a + Se». 

The acid salt , produced, with evolution of ammonia, "by leaving an aqueous solution of 

the neutral salt to evaporate, forms needles permanent in the air (Berzelius'). The 

hyperacid salt, obtained by evaporating a solution of the preceding, with aid of heat, or 
with addition of selenions acid, is deliquescent and unerystalli sable. (Berzelius.) 

Sklunite8 of Barium. — The neutral salt , Ba”SeO*, separates from a mixture of 
barium-chloride and neutral potassium-selenite, as a white precipitate, in sol u hie in 
water, easily soluble in acids. It does not fuse even at the melting-point of glass 
(Berzelius). According to Muspratt, it separates from a mixture of barium-nitrate 
and potassium-selenite, in delicate, shining, feathery crystals. — The acid salt is obtained 
by dissolving barium-carbonate in scleniotis acid, and leaving the solution to evaporate, 
in crystalline granules, sparingly soluble in water. Ammonia added to the solution 
throws down the neutral salt (Berzelius), When strongly' heated it gives off white 
fumes of selenimis oxide. (Muspratt.) 

Ski.kntte of Cadmium, Cd"So0 3 , is a white precipitate, which becomes orange- 
yellow on exposure to the air, and yields a yellowish sublimate when heated in a glass 
tube. It is anhydrous, and soluble in selenions acid. (Muspratt.) 

Sk i, knit ks of Calc i u m. — The neutral salt, Ca"»SeO*, separates as a soft crystalline 
powder from a solution of calcium-carbonate in selenious acid. It is sparingly soluble 
in water, and melts at a bright red heat (Berzelius). — An acid salt crystallises from 
n solution of the neutral salt in excess of sclepious arid, in very small* prisms, which 
are permanent in the air at ordinary temperatures, but givo off half thoir acid when 
heated, or in contact with ammonia. (Berzelius.) 

Sklkxitks of Cerium. — T he neutral errous salt is a white powder, insoluble in 
water, soluble in selenions acid. — The neutral eerie salt is a lemon-yellow* powder, 
which when heated gives off its acid and leaves ceric [? ceroso-ceric | oxido. It 
dissolves in selenions acid, forming an acid salt, which dries up on evaporation to a 
yellow varnish, and when heated gives off water, becoming opaque and crystalline. 
(Berzelius.) 

Cjikomtc Sklexitk, Cr 7 0*3Se0* =* J O a , is obtained by precipitating 

chromic chloride with selenite of ammonium, as a green amorphous powder, the solu- 
tion of which in selenions acid leaves a green varnish on evaporation. (Muspratt.) 

Ski.knitk of CoftAT.T. -The neutral salt, GV\SeO s , is a palo-rcd powder, in- 
soluble in water. — The acid salt is soluble, and remains on evaporation as a purple- ml 
varnish. (Berzelius.) 


Sklkkites of Copper. — The neutral cupric salt , Cii"S<*0*, is precipitated on 
adding the acid ammonium-suit to a warm solution of cupric sulphate, in bulky, curdy, 
yellowish flocks, quickly converted by heat, into small, silky, greenish-blue crystals, 
which at a higher temperature give oft' water and turn liver-brown, then molt, and 
ultimately give off all their acid. The salt is insoluble in water ;md in selenions 
acid (Berzelius). According to Muspratt, it. turns blue over oil of vitriol, and has 
the composition SCu^SeOMPO. — A hash cupric selenite is precipitated on mixing 
cupric sulphate w'itli ammonium-selenite containing excess of ammonia, us a pis- 
tachio-brown powder, insoluble in water but. soluble in ammonia. When heated it 
first loses water, then froths up, and gives off all its acid. (Berzelius.) 

Cuprous Selenite is a white insoluble powder, obtained by digesting cuprous 
hydrate with sclenious acid. (Berzelius.) 

Selenitks of Gnu cinum. — The neutral salt is a white insoluble powder, 
which leaves glucina when ignited. The acid salt is gummy and soluble in water. 
(Berzelius.) 


Selenites of Iron. — The neutral ferric salt, Fe 7 0 J .3Se0* ■* 1 0 # , ob- 

tained by double decomposition, is a white insoluble powder, which becomes somewhat 
yellowish on drying, gives off water at a higher temperature, then turns red, and gives 
off all its acid (Berzelius). — An acid frric sdenite crystallises on cooling from u 
solution of iron in an excess of mixed selenious and nitric acids, in pistachio-green 
laminae. When hoatt*d it gives off water, gradually blackens and gives off its acid, and 
ultimately leaves a residue of ferric oxide. It is insoluble in water, but dissolves with 
orange-yellow colour in hydrochloric acid (Berzelius). — A basic ferric selenite, in- 
soluble in water, is obtained by treating either of the preceding Balts with ammonia. 
(Berzelius.) 
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Neutral fermte Selenite, Fe"SeO*, it a white precipitate, gradually taimarf grey, and 
ultimately yellow, on exposure to the air. Its solution in selenious acid yields an acid 
salt, Fe'SeO'.SeO 1 , slightly soluble in water ; the solution, when heated, yields a brown 
precipitate, consisting of selenium and ferric selenite. (Berzelius.) 

Selenites op Lead.— The neutral salt , Pb"SeO*, obtained by precipitating 
aqueous chloride of lead with excess of ammonium-selenite, is a white heavy powder, 
nearly insoluble in water, slightly soluble in nitric acid, and melting, almost as easily as 
chloride of lead, to a yellowish transparent liquid, which solidifies to a white opaque 
mass having a crystalline fracture. By exposure to a strong red heat, or by treatment 
with ammonia, it is converted into a basic salt , which forms a translucent, friable, 
fusible mass, also having a crystalline fracture. —According to Kersten (Pogg. Ann. 
xlri. 277), neutral selenite of lead occurs native; but, according to H. Bose, the 
mineral thus characterised is a selenate (p. 232). 

Selenites of Magnesium. — The neutral salt, Mg"Se0*.3H 2 0 (Muspratt), 
remains, on treating carbonato of magnesium with selenious acid, as a granular powder, 
insoluble in cold, slightly soluble ip hot water, and separating therefrom, on evaporation 
and cooling, in small four-sided prisms or tables. At a higher temperature it gives off 
its water, and acquires a fused appearance, but without actually melting or giving off 
acid, and attacks the glass strongly (Berzelius). — The acid salt is precipitated by 
alcohol from it solution of the neutral salt in selenious acid, as a crystallisablo, pasty, 
deliquescent mass. (Berzelius.) 

Sklknites of Manganese. — The neutral salt is, according to Berzelius, a soft, 
white, easily fusible powder, which melts and decomposes when heated, and, in the 
fused state, attacks glass strongly. It is insoluble in water. Muspratt, by dissolving 
carbonate of manganese in selenious dcid, obtained a white sandy powder having the 
composition Mu"Su0*.2H*0, which formed a colourless solution with cold, and a pale- 
red solution with hydrochloric acid.— The acid salt is cry stall] sable, very soluble in 
water, and gives off half its acid when heated out of contact with the air. 

Selenites ok Mercury. — The neutral mercuric salt, Hg"SeO s , obtained by 
double decomposition, or by bringing mercuric oxide in contact with aqueous selenious 
add, is a white powder, insoluble or very slightly soluble in water. — The acid mercu- 
ric salt, formed by adding mercuric oxide to aqueous selenious acid till the neutral 
salt begins to separate out, then filtering and evaporating, crystallises in large prisms, 
longitudinally striated, having the taste of corrosive sublimate, and containing a largo 
quantity of water. The crystallised salt melts in its water of crystallisation when 
heated, then solidifies, and finally sublimes unaltered. It dissolves easily in water, 
very slightly in alcohol ; the aqueous solution is not precipitated by ammonia, and very 
slowly by alkaline carbonates ; potash also throws down only part of the oxide. Sul- 
phurous acid precipitates white mercurous selenite, which soon acquires a scarlet colour, 
from the presence of reduced selenium (Berzelius). — A basic salt , 3Mg"0.4Hg F 'Se0 5 , 
is obtained, according to Kohler, by boiling precipitated mercuric oxide with selenious 
aoid. It is pale-yellow and insoluble in water. 

Neutralmercurnus Selenite, IIg a SeO*, obtained by precipitating mercurous nitrate 
with selenite of sodium, is a white powder, melting when heated to a dark-brown sub- 
stance, which becomes lemon-yellow on cooling ; at a stronger lieat, it boils, and passes 
over in brown drops, which become amber-yellow and mostly transparent on cooling. 
Hydrochloric acid converts it into mercuric chloride, the selenious acid being partly 
reduced to the state of free selenium, and partly remaining dissolved in the liquid. 
The salt gives up all its acid to caustic potash. It is not soluble either in water or in 
aqueous selenious acid (Berzelius). — A mercurous ankydro-salt, 3Hg 3 Se0 3 .Se0* > is 
obtained, according to Kohler, as a dark, brick-red, opaque, crystalline mass, by melting 
the neutral salt at 180°, and raising tile temperature a little higher. , 

. Selenite of Nickel. —The neutral salt, obtained by precipitation, is insoluble 
in water, white when moist, but becomes apple-green on drying (Berzelius). Accord- 
lng to Muspratt, on the contrary, it is precipitated, on adding selenito of potassium to 
sulphate of nickel, as a greenish powder, containing Ni M Se0 8 .H 2 0, which becomes 
white when dry. The acid salt is a green gummy mass, soluble in water. (Ber- 
zelius.) J v 

Selenites of . Potassium. — Selenious acid and potash form three different 
snJts, which are obtained by mixing the acid with potash or potassium-carbonate in the 
required proportions. The neutral salt, K 2 Se0 3 , obtained by saturating carbonate of 
potassium with solemous acid, separates on evaporation, but not on cooling, in crystal- 
line grains. It melts, when heated, to a yellow mass, which again becomes white on 
cooling; it. attracts moisture from the air, and dissolves in nearly all proportions in water, 
but is insoluble m alcohol. It has a disagreeable taste, and strong alkaline action 
to test-paper. The acid salt , KHSeO 3 , crystallises with difficulty on cooling from a 



solution evaporated to the consistence of syrup, or from a slightly acid solution by evapo- 
ration over oil of vitriol, in feathery crystals (having a satiny lustre according toMue- 
pratt), which unite at last to a compact mass. It slowly parts with the half of its Acid 
when ignited. It is deliquescent, slightly soluble in alcohol. — The hyperacid satt 9 
KHSeO* H 2 SeO*, is uncrystallisable and highly deliquescent. (Berzelius.) 

Selenite op Silver, Ag*SeO*. — Selenious acid added to nitrate of silver, throws 
down this salt in the form of a white powder. The same salt crystallises in needles, 
from a nitric acid solution diluted with hot water. It is not blackened by light. 
Melts almost as easily as horn-silver, forming a clear liquid, which, on cooling, solidifies 
in a white opaque mass, friable, and having a crystalline fracture. When more 
strongly ignited, it gives off selenious oxide and oxygon gas, and becomes covered with 
metallic silver. Dissolves very sparingly in cold water, somewhat more freely in hot 
water, and easily in nitric acid, from which it may be precipitated by cold water 
(Berzelius.) 

Selenites op Sodium. — The neutral salt, Na^SeO*, does not crystallise on 
cooling, but only by evaporation of an aqueous solution in vacuo ; it then forms small 
grains, which are permanent in the air, taste like borax, und dissolve veiy easily in 
water, but not in alcohol. According to Muspratt, it forms radiated crystals, which 
fuse without decomposition. — The acid salt , l/aHSe0 B .2H 2 0 (Muspratt), crystallises 
during the slow cooling of a syrupy solution, in needles united together in tufts, which 
do not effloresce in the air, but melt when heated, with loss of tln*ir water of crystalli- 
sation, to a liquid which is yellow while hot, and solidifies, on cooling, to a white mass 
of a fibrous texture. At a red heat, the salt loses half its acid. — The hyperacid salt, 
2NaH*Se fl O*.II ,t O or Na 2 Sc0*.3ll , »Se0 , .H*0 (Muspratt), first obtained* by Berze- 
lius, is prepared by dissolving the acid salt in selenious acid, and crystallises by 
spontaneous evaporation in needles, which are jierninnent in the air. It melts easily 
to a yellowish -red liquid, which gives off selenious oxide, leaving a residua of neutral 
sodium-selenite with traces of seleuate. (Muspratt.) 

Selenites op Strontium. — The neutral salt, Sr"SeO*,isa white powder, infusi- 
ble, and not soluble in water. — The acid suit, obtained like the corresponding barium- 
salt. separates as a milk-white amorphous cru«t, on evaporating the aqueous solution. 
It melts in the fire ; swells up and evolves water at first, und then one half of its acid, 
so that the neutral selenite remains in a spongy form. It is nearly insoluble in cold 
Water, und dissolves but slowly even in boiling water, (Berzelius.) 

Selenites of Thallium. — TJio neutral salt, Tl\SeO* is produced by oxidising 
selcnide of thallium with nitric ucid, or more eusily by treating selenious acid with 
excess of thallium-carbonate. It has an alkaline reaction, is easily soluble in water, 
insoluble in alcohol and ether, and crystallises in very thin micaceous lumimc (Ku ill- 
man n, Bull. Soc. Chim. [2] i. 330). — The acid salt , TlHSoO*, is more soluble in water 
than the neutral salt, and crystallises most readily from a solution mixed with alcohol, 
(Kuhlmann.) 

Selenites of Tin. — Stannic selenite is a white powder, insoluble in water, solu- 
ble in hydrochloric acid, and precipitated therefrom, by water. Whim strongly hoated, 
it first gives off water, and then the whole of its acid. 

Selenites of Uranium. — Neutral uranic selenite is a lemon-yellow powder, 
which is decomposed at high temperatures, giving off oxygen and selenious oxide, and 
leaving uranoso-uranic oxide. It dissolves in excess of selenious acid, forming an 
acid salt, which dries lip to a white, opaque, crystalline mass, soluble in water (Borze- 
lius). According to Muspratt, the crystalline salt thus obtained is neutral uranic 
selenite , U*0*.3Se0 2 . 

Selenite of Yttrium is precipitated in curdy white flocks, which dry up to a 
white powder. It is insoluble in water and in selenious acid, and when strongly heated* 
first gives off water, and then the whole of its acid. (Berzelius.) 

Selenites of Zinc. — The neutral salt , Zn"Se0 9 .H*0 (Muspratt), is a whits 
powder, insoluble in water. When heated, it gives off water, and melts to a yellow 
transparent liquid, which on cooling forms a white mass, having a crystalline fracture. 
At an incipient white heat, it enters into ebullition, and is converted, with sublimation 
of selenious oxide, into an infusible basic salt, no longer decomposible by heat. — -The 
acid salt, obtained by dissolving the neutral salt in selenious acid, is a transparent, 
fissured, gummy mass, easily soluble in water. (Berzelius.) 

Hyperacid Salt , Zn'H*Se«O'*«Zn''Se0 , .3ir ! Se0 9 .-— When clean zinc-turnings or plates 
of zinc are immersed in a somewhat concentrated aqueous solution of selenious acid 
the metal soon becomes covered with a thin rod layer of reduced selenium, and a solu* 
tion is formed containing hyperacid zinc-selonite, which, when the solution is evaporated 
to & syrupy co nsis tence in vacuo over oil of vitriol, and then left at rest for about a 
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week, separates, in large yellow crystals, very much like those of neutral potassium* 
chromate. They are oblique rhombic prisms, baring their terminal edges, and frequently 
also the obtuse lateral edges, replaced by planes : generally associated in twins. The 
salt is permanent in the air, soluble in water. The solution is colourless ; has a strong 
sour taste; is not decomposed by acids; becomes turbid when heated, the salt being 
resolved into selenious oxide and neutral zinc-selenite. A crystal heated to 30° or 
40° undergoes the same change, becoming white and opaque ; on increasing the heat, 
the crystal melts, and is resolved into water which distils over, selenious oxide which 
sublimes, and a neutral or basic salt which remains behind. (Wohler, Ann. Ch. 
Pharm. lix. 279.) 

Sbibnitb of Zirconium is a white powder, insoluble in water, soluble in 
selenious acid, decomposed by heat, leaving a residue of zirconia. (Berzelius.) 

Selento Add, IPSeO 4 = H 2 O.SeO s =» j O’, — This acid, the analogue of 

sulphuric acid, was discovered in 1827 by Mi tsc heriich (Pogg. Ann. ix. 623), 
and has been further examined by Wohlwill (Ann. Ch. Pharm. cxiv. 162) and 
v. Hauer (Wien. Akad. Ber. xxxix. 299; Jahresb. 1860, p. 85). 

Se Ionic acid (or a metallic solenate) is formed: 1. By fusing selenium, selenious 
oxide, or a selenite with nitrate of potassium or sodium. — 2. By the action of chlorine 
and water, or of liypochlorous acid, on selenium, selenious acid, or selcnites. — 3. By 
heating selenious acid with peroxide of lead, peroxide of manganese, or chromate of 
potassium. (Wohlwill.) 

Preparation.— Aqueous aelenio acid is usually prepared by fusing an alkaline selenite 
with nitrate of potassium or sodium, precipitating tile solution of the resulting alkaline 
ft donate with a load-salt, and decomposing the precipitated selenate of lead with sul- 
phydric acid. According to Wohlwill, however, this process is not advantageous, 
because a poftion of the solenate of lead obstinately resists decomposition. Tho 
following is more convenient and productive. Selenious add is first prepared by 
dissolving selenium in nitric acid ; and the solution, after moderate concentration, is 
finally evaporated down in a retort provided with a receiver, whereupon, after the 
excess of nitric acid and the water have been driven off, tho liquid suddenly becomes 
briskly agitated, and a considerable quantity of tho selenious acid volatilises and oon- 
donucs in the receiver to a snowy mass. The solution of this sublimed selenious acid, 
or cupric selenite (prepared therefrom with cupric carbonate suspended in water), is 
treated with chlorine gas ; the excess of chlorine is allowed to evaporate from the 
liquid by exposure to the uir at the ordinary temperature ; the liquid is saturated with 
pure cupric carbonate ; and the cupric solenate contained in the liquid (filtered from 
unaltered cupric selenite) is separated from cupric chloride by precipitation with 
alcohol (which leaves the chloride in solution), or by repeated crystallisation. The 
cupric solenate is then suspended ill u Binall quantity of water, and decomposed by 
sulphydric acid; and the tillered aqueous acid is concentrated by evaporation over the 
water- bath. The formation of selenie acid by oxidising selenious acid with chlorine 
may be. used for the preparation of selenatcs, but not for the direct preparation of the 
aqueous acid, because the hydrochloric acid formed at the same time reconverts tin* 
seltmic acid, unless neutralised, into selenious acid, slowly in the cold, quickly when 
hen tod. (Wohlwill.) 

Von Hauer precipitates u solution of potassium-selenite with calcium-nitratc ; 
purities tho resulting calcium-sfleiiate by solution iu water and precipitation by heat 
(it is less soluble in hot than in cold witter) ; then decomposes it by boiling with excess 
of cadmium -oxalate and water, till the liquid is free from calcium; precipitates tho 
cadmium from the filtered liquid with sulphydric acid; expels tho excess of that acid 
from the filtrate by heat, and concentrates by evaporation. 

Properties. — Hclonie acid is a transparent colourless liquid, which in tho most con- 
centrati d state boils at 280°, and has a specific gravity of 2*6. The liquid in this 
state is not quite pure selenie acid, H*SeO\ but contains a little water in addition, 
which cannot be driven off without further decomposition of the acid into selenious 
oxide, water, and oxygen. Tho concentrated acid resembles sulphuric acid in many of 
its properties. Jt is very hygroscopic, and its admixture with water is attended with 
considerable rise of temperature. The strong or dilute acid boiled with hydrochloric 
acid eliminates chlorine, and is reduced to selenious acid : 

H'-'SeO 1 + 2HCI « Cl* + Ii*0 + H*SeO*. 

On tho other baud, it resists the action of many reducing agents which decompose 
Salomons acid. Thus, it is net decomposed by sulphurous or sulphydric acid, and its 
solution dissolves cute and iron, with simple substitution of the metal for hydrogen, 
not with precipitation of selenium, as is the case with selenious acid (p. 226). The 
free acid precipitates laritim^salts, even in presence of other mineral adds. By this 



Sii BNATE& *81 

property, taken in connection with its reduction to selenious acid, with evolution of 
chlorine by boiling with hydrochlorio acid, selenic acid may be distinguished from all 
other acids. % 

Selenates. 

Selenic acid is dibasic like sulphuric acid, and capable of forming acid as well as 
neutral salts. Only one acid selenate has, however, yet been prepared, viz. that of 
potassium, KHSeO 4 . The neutral selenates have the composition, M*9e0 4 or M"Se0 4 . 
Many double selenates are also known, represented by the general formulse, M"X t Se t O B 
and M.^XSeW, the last being analogous to the alums. 

The selenates of the alkali-metals are prepared by igniting selenium, selenides, or 
seleuites with nitrate of potassium or sodium ; other selenates by dissolving metallic 
oxides, hydrates, or carbonates in selenic acid ; the selenates of barium, Btrontium, and 
lead, which are insoluble in water, and even in nitric acid, by precipitation. The 
selenates correspond very closely in their properties to the sulphates, with which they 
are isomorphous. Most of them sustain a red heat without decomposition. Heated 
in a current of hydrogen, they are readily converted into selenides. Heated with 
charcoal or with carbonate of sodium in the reducing flame, they are also reduced to 
selenides, emitting the characteristic horseradish odour. When boiled with hydro- 
chloric arid, they evolve chlorine, and leavo selenious acid, from which selenium may be 
precipitated by sulphurous acid. 

Selenate of Aluminium resembles the sulphate, and yields corresponding 
basic suits under similar circumstances (sec Sulphates). — Selenium-alums , viz. 

AL' r, KSe 7 0M2H 2 0 *» ^V1"'K J OM2IFO, and the corresponding ammonium- and 

sodium-salts, are obtained, by dissolving aluminium-hydrate in excess of selenic acid 
ami neutralising with an alkaline carbonate, in inonometric crystals {O with <»Ooo 
and ooO), which offloresce slightly in the air. They are all easily soluble in cold 
water; the sodium-salt crystallises only from very concentrated solutions, and even in 
presence of a considerable excess of aluininiiim-sclcnate, only in small crystals mixed 
wif h selenate of sodium ( W o li 1 w i 1 1). The crystals of the potassium-salt have a spocifld 
gravity of 1971. (Weber, Fogg. Ann. cviii. 615.) 

.Selenate of ISauium. JJa'SeO 4 , obtained by precipitation, is a white powder 
insoluble in water and in nitric acid, but converted into Bclcnito and dissolved by 
boiling with hydrochloric acid, being t hereby distinguished from the sulphate. Specific 
gravity = 4 67 at 22°. (Schafurik, Jahresb. 1863, p. 16.) 

Selenate of Cadmium, CdSSeO 4 .2H s 0 f prepared as abovo (p. 230), crystallises 
by cooling or spontaneous evaporation in small transparent tables, which are permanent 
in the air, very solublo in water, give oil' half their water at 100°, and the rest con- 
siderably below a red heat. (v. Hauer.) 

Selenate of Calcium, Ca'Se0V2H 2 0, prepared by precipitation (p. 230), 
separates on warming its aqueous solution, in transparent crystals, which resemble 
those of gypsum, and may be obtained'of considerable size by slow evaporation. Tho 
dehydrated salt hardens with water, like burnt gypsum, (v. Hauer.) 

.Selenate of Chromium and Potassium, or Selenic Ckromc-alum, crvetal- 
Uses after some time from the liquid obtained by treating a concentrated solution 
of acid potassium-chromate with selenic acid and alcohol at a moderate heat. 
(WohlwilL) 

Selenate of Cobalt, Co"Se0 4 .7IF0, resembles the sulphate (Mitscherlich). 

— Potassio-eobaJtous selenate, Co"K a So z O* l resembles the corresponding nickel-salt. 

(v. Hauer.) 

Selenate of Copper, Cu"Se0 4 .6H 2 0, prepared by dissolving copper or cupric 
oxido in selenic acid, or by oxidation of the selenite (p. 230), is isomorphous with the 
sulphate (Mitscherlich). A mixture of cupric and ferrous selenates yields, ac- 
cording to Wohlwill, in a number of successive crystallisations, nothing but different 
combinations of the form of cupric sulphate (triclinic, ii. 158) ; crystals having tho 
form of ferrous sulphate (monoclinic) are obEained only when the latter is in consider- 
able excess, as observed by Wohlwill in a mixed salt containing 3 at. Fe to 1 at Cu. 

A solution of magnesium-selenate mixed with comparatively very small quantities of 
cupric selenate yields crystals having the form of ferrous sulphate, and containing 

Cu"Mg*Se'0 l, .28H , 0. Selenate of zinc yields with cupric selenate a similar salt, 
containing Cu"Zn*Se 4 0 ,, .28H*0. 

Ferrous Selenate, Fe"S**0 4 .7H z O (or 6H 2 0). — This salt, obtained by dissolving 
iron wire in selenic acid, and evaporating in an atmosphere of hydrogen or carbonic 
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anhydride, crystallises with 7 at. water and the form of ferrous sulphate, only at tem- 
peratures a little above 0°. The monoclinic crystals thus obtained become opaque, 
and give off part of their water even on slight rise of temperature ; and at temperatures 
not much above 5°, the salt crystallises with only 5 at. water, and in the form of 
cupric sulphate. (Wohlwill.) 

Se lunate op Lead, Pb"Se0 4 , is obtained by precipitating selenate of sodium 
with nitrate of lead, as a white powder insoluble in nitric acid. Specific gravity * 
6*37 at 22° (Schafarik). This salt occurs native, with selenide of lead and antimony, 
malachite, &c., at the Friederichsgliick mine, near Hildburghausen, and at Eisfeld, in 
small, brittle, sulphur-yellow spheres and botryoidai masses, cleaving distinctly in one 
direction. This mineral was regarded by K era ten (Pogg. Ann. xlvi. 277) as a selenite 
of lead; but according to H. Bose's analysis, it is a selenate of lead containing a 
little copper. (Dana, ii. 375.) 

Selenate of Magnesium;, Mg"Se0 4 .7H 2 0, exactly resembles the sulphate in 
form and solubility. • - 

Selenate of Nickel, Ni*Se0 4 .6H 2 0, obtained by dissolving the carbonate in 
selenic acid, forma quadratic crystals, isomorphous with the sulphate containing the same 
quantity of water (Mitscherlich). According to v. Hauer, it crystallises from 
neutral solutions by spontaneous evaporation in quadratic pyramids, which give off 4 at. 
water at 100°, but cannot be completely dehydrated without further decomposition. 
A mixture of this salt and cupric selenate in nearly equivalent quantities, yields crystals 
having the form of ferrous sulphate. (Wohlwill.) 

Nickel-pot as si u m Selenate, Ni"K*Se*0 8 .6H*0, forms monoelinic crystals, isomorphous 
with the corresponding double sulphate. It cannot be dehydrated without decompo- 
sition, but givesoff nearly 4 at. water at 100°, whereas the sulphate remains unaltered 
at that temperature. [Respecting tlio crystalline form, see also G. v. Bath (Pogg. 
Ann. cxv. 487 ; Jahresb. 1862, p. 216)]. The corresponding double salts formed by 
combination of tlio selenates of cobalt, magnesium, and copper with the selenates of 
potassium and ammonium, crystallises in the same form, are permanent in the air, 
more soluble than the corresponding double sulphates, and cannot be completely de- 
hydrated without decomposition, (v. H auer.) 

Selenates of Potassium. — The neutral salt , K 2 Se0 4 , is prepared by fusing 
selenium or selenite of potassium, or native selenide of lead, with saltpetre, dissolving the 
fused mass in hot water, and leaving the concentrated solution to crystallise. The excess 
of nitrate then crystallises out first, and afterwards the selenate, in crystals exactly 
resembling the neutral sulphate. It deflagrates on glowing coals like saltpetre, and is 
equally soluble in hot and in cold water (Mitsch erlich). — The acid salt , KHSeO 4 , 
oxactly resembles the acid sulphate. (Mitscherlich.) 

Selenate of Silver, Ag^SeO 4 , prepared by dissolving silver in selenic acid, 
agrees with the sulphate in form and properties, 

Selenate of Sodium, Na 8 SeO\ is prepared like the potassium-salt, and ciys- 
tallisos from aqueous solution above 40° in anhydrous crystals ; at lower temperatures, 
or by spontaneous evaporation, in crystals containing Na 2 SeO 4 .10Il*O, exactly re- 
sembling those of Glauber’s salt, and exhibiting, like the latter, a maximum solubility 
at about 33°. (Mitscherlich.) 

Selenate of Thallium, TPSeO 4 , prepared by dissolving the metal or its 
carbonate in selenic acid, crystallises in long, white, prismatic needles, isomorphous 
with sulphate of potassium, sparingly soluble in cold water, insoluble in alcohol and in 
ether. (Kuhlmann, Bull. Soc. Chim. 1864, i. 330. — Oettinger, Zeitschr. Ch. Pharm. 
1864, p. 440.) 

Selenate of Zinc, Zn"Se0 4 .7H s 0, is isomorphouB with the sulphate. Accord- 
ing to Mitscherlich, it crystallises also with 2 a.t. aud 6 at. water, the dehydrated salt 
separating at tom peratures above 30°, the hex-hydrate between 20° and 15^. The solu- 
tion mixed with ferrous sulphate deposits, according to Wohlwill, crystals having the 
form of cupric sulphate. when a solution of zinc-soionate is mixed with cupric 
selenate, the former being in considerable excess, the crystals which first separate 
have the form of cupric sulphate ; and it is only the last that exhibit the quadratic 
form of zinc-solenate (Wohlwill).— Selenate of zinc and thallium, Zn"Tl a Se*0 8 6H 8 0, 
crystallises in monoelinic prisms, isomorphous with magnesio-potassic sulphate. 
(G. Werther, Bull. Soc. Chim. 1865, i. 60.) 

SBLINZUM, OXYCBLOBZDB OP. SeCPO - SeCP.SeO* Selenaeichlorid . 
(B. Weber, Pogg. Ann. cviii. 615.) — Produced by distilling tetrachloride of selenium 
over* selenious oxide gently heated in a sealed tube : also in the decomposition of the 
tetrachloride by a small quantity of water, and is therefore always present in the liquid 
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uniting from the deliquescence of the tetrachloride, in damp air. It is a slightly 
yellowish liquid, having a specific gravity of 2 44, boiling at about 220°, fuming in 
damp air, and easily decomposed by water into hydrochloric and selenious adds. 

8J9XJBJYXUM, 8UXFBXDBS OF. Two of these compounds are known, ana- 
logous in composition to selenious oxide and the unknown selenic oxide. The 
disulphide or selenious sulphide, SeS 2 , is produced by fusing 1 at. selenium 
with 2 at. sulphur ; also by the action of sulphydric acid on & solution of selenious 
acid.* The latter method yields it as a bright yellow precipitate, becoming darker 
when dry. It softens at 100°, melts at a somewhat higher temperature, and when 
more strongly heated, boils, distils over, aud solidifies on cooling to an orange-yellow 
mass resembling orpiment. Alkalis dissolve the sulphur from it easily and com- 
pletely, together with a small quantity of selenium. Alkaline sulphydratefl dissolve it 
completely. (Berzelius.) 

The trisulphide or selenic sulphide, SeS* is produced by fusing 1 at. selenium 
with 3 at. sulphur. It is a brick-red, fusible, volatile solid, soluble without residue in 
alkaline hydrates and sulphydrates. (Berzelius.) 

BB2MCBC2LBPUS, The almonds of Semccarpus Anacardtum , L. (Anacardiwn 
orientals), an East Indian plant, contain a small quantity of sweet oil; the pericarp 
contains 32 per cent, of a a vesicating oil of specific gravity 0 991, easily soluble in 
ether, blackening on exposure to the air. (J. Lepire, J. Pliarm. [3] xl, 16.) 

SS3MCSBT CXWJE. Syn. with Wormseed. 

SB MBIT COCCOOSrXDXX. Mezereum -seeds (iii. 1010). 

8BSCXBSSfZX2>BIHL This name was given by Zinin to a compound produced by 
the action of sulphide of ammonium on dinitrobenzene ; probably impure o-phonylene- 
dinmine (iv. 480). 

8BMXITAPHTBA1ZDAM, SBMXBAPHTBAXsXDXBra. See the next 

article, 

SBMUrAPHTHTLAXlWa. C'°H*N* - Amidonaphthtlamine, C'*H*(NH*)N 
('c ,o H 8, r t 

orNAPHTHn-ENE-DiAMiNK ' j N 2 ; also called Sem inapk tkalidine, Scminaphtka* 

lidam , and Azonaphtht/lamine. (Zinin, Ann. Ch. Pharm. Iii. 362 ; lxxxv. 329.) — A 
base produced by the action of sulphydrate of ammonium on dinitronaphthalcne (iv. 16). 
To prepare it, dinitronaphthalcne is dissolved in alcohol saturated with ammonia, and 
the crimson solution is saturated with sulphydric acid, then boiled, whereupon it de- 
posits a largo quantity of sulphur; afterwards, mixed with water, boiled again, and 
filtered quickly at the boiling heat. On cooling it deposits a large quantity of naphthy- 
lenc-diainine iu thin, shining, copper- coloured needles, which may be rendered colourless 
by alternate crystallisation from alcohol and wuter.f 

Naphthyl ene-diamine crystallises from alcohol in long shining needles, slightly 
soluble in water, very soluble in alcohol and ether; forming brownish-yellow solutions, 
which quickly become darker-coloured and turbid on exposure to tho air. In thediy 
state it may easily bo kept unaltered. It melts at 160°, and when heated above 200®, 
boils and distils, with partial decomposition and carbonisation. Jt dissolves in strong 
sulphuric acid, forming a dark-violet solution, which remains unchanged for months if 
left to itself; but, on addition of water, is immediately transformed into a reddish- 
white ciystalline mass. The alcoholic solution of the base is decolorised by aqueous 
acids, forming crystalline magmas, whence it is precipitated by ammonia without 
alteration. 

Salts of Napl^thylcn e-diamine. — This base is diacid, uniting with 2 at. of a 
monatomic and 1 at. of a diatomic acid. The hydrochlorate , C ,0 li ,u N*.2HCJ, is pre- 
pared by dropping rather strong hydrochloric acid into a cold concentrated solution of 
naphthylene-diamino in a vessel externally cooled. A mngma of shining scales is thus 
obtained, which must be washed with alcohol. The salt cannot be sublimed. Its 
aqueous solution becomes coloured on exposure to the air. The cht or omcr curate 
crystallises in broad very soluble lamina*. — Jhe chloroplatinate , C' # Il , *N*.2HCl.Pt ,r Cl 4 J 
is & yellow-brown sparingly soluble powder. 

The sulphate , C**H ,# N 3 .H !{ S0 4 } is obtained by treating an alcoholic solution of the 
base with dilute sulphuric acid, as a white powder, slightly soluble in water 
and in alcohol, whence it crystallises in colourless scales. — The phosphate forms shining 

* According to H. Rote, however, the precipitate thut formed it only a mixture of selenium and 
sulphur. 

t The red colourof the first crop of crystals arises fiom a foreign substance much more soluble In 
alcohol than naphthylebe -diamine. itself. This coloured body crystallises from water iu very slender 
lustreless needles, which, when heated in a tube, melt to a red liquid, and then distil with partial 
decomposition. 
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scales, more stable than the sulphate, slightly soluble in water and in alcohol, and 
cryst allis ing therefrom without alteration. 

The oxalate is a white crystalline powder, slightly soluble in water, still less soluble 
in alcohol and in ether. A eolation prepared at the boiling heat deposits it on cooling, 
in shining scales. — The tartrate crystallises in radiate groups of slender needles, mode- 
rately soluble in water and in alcohol, less soluble in ether. It decomposes in 
solution, but is more permanent in the dry state. 

SME-OPAli« A variety of opal, translucent at the edges only (iv. 204). 

gg y MtM pyTITB. The monometric variety, of antimonious oxide, Sb*0*'(i. 323), 
occurring at Senea, in the province of Constantine, Algeria, and at Perneck near 
Malackza in Hungary, in regular unmodified octahedrons, and in masses with granular 
structure. Hardness « 2 to 2 5. Specific gravity = 5*22 to 6*3. It has a greyish or 
yellowish colour, and resinous lustre inclining to subadamantine ; transparent to 
translucent. 

SZSlffJBCA Oil. American petroleum, so called because it was collected and sold 
by the Seneca Indians. 

SBVEOAK ounc. See Gum (ii. 954). 

BXJNEOIN* or SZlxrEGirxzr. See Saponin (p. 193). 

SStflTA. A purgative drug consisting of the leaves of Cassia acutifolia , a shrub 
indigenous in Egypt, Nubia, Arabia, and India, and Cassia obouata, indigenous in 
Egypt, Tripoli, and Syria. It has been examined by several chemists, chiefly with 
the view of extracting the active principle, but the results are by no means accordant. 
Lassaigne and Feneullo (J. Pliarm. x. 58) attribute the purgative action to a bitter 
uncrystallisable substance, soluble in water and alcohol, insoluble in ether, which they 
denominate cathartin (i. 817). Dley and Diesel (Arch. Pharm.. [2] Iv. 257), ob- 
tained from senna-leaves a similar substance, together with a yellow resin, chryso- 
rotin (i. 960), solublo in ether, and resembling chrysophanic acid, probably a mixture 
of that acid with othor substances. According to Martius {Monographic der Scnnes- 
blatter , Leipzig, 1857), senna contains chrysophanic acid (i. 258) together with two 
brown substances, similar to or identical with the aporetin and phseoretin of rhubarb ; 
also margarin ; he regards the chrysophanic acid as the active principle. Suwicki, 
on the other hand (JMssertatio inaugurates, Dorpati, 1857), doubts the correctness of 
this view, inasmuch as the purgative principle of senna is extracted by water much 
more easily than by alcohol, whereas chrysophanic acid is nearly insoluble in water, but 
dissolves in alcohol, by which indeed it is oxtracted from rhubarb. Wiggers endeavours 
to explain this contradiction by supposing that the chrysophanic acid in senna is for 
tho most part combined with bases, and in that state insoluble in alcohol, whereas in 
rhubarb it exists chiefly in the free state. 

Martius found in senna-leaves from Cassia acvtifolia from 9 to 12 per cent, of ash. 
The composition of the ash in 100 pts. is, according to Martius (o and b) and 
Schreibcr (c), as follows : — 

Sand and 

K*0 Nh* 0 MgO CaO Fe"'PCM F*0 5 SiO* Cl SO» CO* charcoal. 

Alexandrian (a) 16*58 1*08 7*46 35-92 0-32 . . 2 00 0*35 2*95 2475 6-97 

East Ub) 11*20 8-50 C IO 36 28 5*70 . . 4 06 0 70 3*52 21*10 3*69 

Indian }(<?) 13*47 124 0 85 35*36 1*50 3 82 1449 3*81 1*45 23*57 

fiSPBERlNB, or SSPXRXNB. Syn. with Sipeerine. 

8Z3PXA. A dark-brown pigment prepared from a black juice, which is secreted by 
certaiu glands of the cuttle-fish ( Sepia officinalis, Sepia Loligo , &c.), and ejected by the 
animal to darken the water when it is pursued. One part of the juice is capable of 
muking 1000 parts of water nearly opaque. The juice, when dried, yields a black 
muss, which, according to Prout, consists of 78 per cent, black pigment or 
melanin, 10*40 calcium-carbonate, 7*00 magnesium-carbonate, 2*16 alkaline sulphates 
and chlorides, and 0*84 mucus. The black pigment may be isolated by boiling tho 
black mass successively with water, hydrochloric acid, and dilute solution of am- 
monium-carbonate. It is a black, inodorous, and tasteless substance, quite insoluble 
in water, alcohol, and ether, but, remaining suspended in water for a very long time, 
its deposition may, however, be accelerated by addition of acids or sal-ammoniac. 
It dissolves in warm caustic potash solution, forming a dark-brown solution, from 
which it is precipitated by sulphuric and hydrochloric acid, but not by nitric acid. 
It dissolves also in ammonia, but not in alkaline carbonates. 

The pigment is prepared by saturating the dried native sepia with a little caustic 
lye, then adding more lye, boiling the liquid for half an hour, filtering, precipitating 
with an acid, washing the precipitate, and drying it at a gentle heat. It is of a dark- 
brown colour and fine grain. 
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Os sepia, Meerschaum, or White Fish bone , is the calcareous shield or shell on the 
back of the cuttle-fish. It consists of two layers : the upper thin, buttery compact, while 
the lower is thicker but porous. The upper layer contains, according to John, 80 per 
cent, calcium-carbonate with traces of phosphate, 9 gelatinous substance, insoluble in 
water and in cold lime-water, 4 water, and traces of magnesia. The lower layer 
contains 86 calcium-carbonate, with traces of potash, 4 gelatinous matter, and 4 water, 
with traces of magnesia. Porch hammer found in Os sepia 0*10 per cent, magnesium- 
carbonate. 

Os sepia is used as tooth-powder, for polishing, and for modelling for fine gold 
articles ; it was formerly used as an internal remedy in cases of goitre. (Handw. d. 
Chem. vii. 839.) 

8BPZOLITS. Syn. with Meerschaum (iii. 864). 

flBPXBXVB. Syn. with Sipeerine. 

8EPTARZA. Calcareous concretions intersected by veins of ealespar, which, when 
calcined and ground, form an excellent hydraulic cement. 

BBRBXJUT. Syn. with Miloschin. 

SSRXCXC ACXZ>. Syn. with Myristic acid. 

SEJLXCXXT (from Sirica , silk). A name proposed by Sch lossberger (dnn. Ch. 
Fharm. cx. 245) for the fibroin of silk and of gossamer-threads (ii. 644), which, ac- 
cording to him, are identical, but different from the organic matter of sponges, for which 
lie retains the name fibroin. 

The name sericin was formerly also applied to myristin, the glyceride of myristic 
acid (iii. 1072), on account of its silky aspect. 

3ZSRXCXTXS. A mineral occurring in a schist of the Taunus range in Western 
Germany. It has a greenish or yellowish-white colour, silky lustre; hardness «• 1 ; 
specific gravity = 2 897. I'oliated in one direction, the plates being undulated. 
Exfoliates strongly before the blowpipe, and melts on the edges with a bright light, 
forming a greyish enamel. Decomposed slowly by hydrochloric acid. Contains, 
according to List (Ann. Ch. Fharm. Ixxxi. 193), 122 per cent, fluorine, 0*31 phos- 
phoric anhydride, 1*69 titanic anhydride, J0*00 silica, 23*65 alumina, 8*07 ferrous 
oxide, 0*93 magnesia, 0*63 lime, 0*11 potash, 1*75 soda, and 311 water. It is dis- 
tinguished from potash-mica by its small amount of alumina. List regards it as 
identical with Damourite (ii. 303). 

BERXCOXaXTB. Satin spar. Atlasspatk. A mineral from Alston Moor, in 
Cumberland, formerly regarded as a fibrous arragonite, but belonging, according to 
G. liosc’a latest investigations, not to arragonite, but to ealespar. (Ilandw. d, Chem. 
vii. 841.) 

6CXLOX.no*. This name was given by Boudet (J. Plmrm. xix. 291), to a fat 
which ho obtained by treating dried blood-serum with ether or boiling absolute alcohol, 
and evaporating the solution. According to Boudet, it is quite destitute of crystalline 
structure; according to Verdoi 1 and Marcet (J Pharm. [3], xx. 89), it crystallises 
from boiling alcohol in nacreous laminae. When once separated from blood-serum, it 
no longer dissolves in that liquid. According to Gobley {ibid.uL i. 241), the so-called 
scrolin is not a pure substance, but a mixture of several fats of different melting 
points. 

SEROUS FX.UIB. The serous cavities of the body (viz., peritoneal, pleural, 
pericardial, &c.) contain a small quantity of fluid, called serous fluid, from its general 
resomblanco to the serum of blood. A similar fluid, found in blisters, in cuticular 
vesicles, and in the interstices of connective tissue, is more generally called * lymph/ 
Under certain morbid conditions, the quantity of serous fluid in various parts becomes 
very much increased, giving rise to the various forms of dropsy. 

There is reason to believe that in health, and during life, serous fluid, whether from 
peritoneum, pericardium, pleura, or vagina testis, possesses, like blood, the property 
of coagulating at the ordinary temperature When removed from the body ; in other 
words, that it contains both the elements necessary for the formation of fibrin. When, 
however, serous fluid is not removed from the body until several hours after death, the 
power of spontaneous coagulation has either become very much lessened or entirely 
disappeared. When the quantity has been abnormally increased, as in dropsies, the 
spontaneous coagulation is often absent. In most of these eases, if not in all, coagula- 
tion (formation of fibrin) can be brought about by the addition of blood, or of a 
solution of globulin (fibrinoplastin), showing that on'e element of fibrin (fibrinogen) 
still remains. These fibrinary elements may be separated by saturating the fluid with 
sulphate of magnesia and filtering, in which process they are retained on the filter, and 
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may be readily dissolved In water ; or by diluting the fluid with 5 or 10 times its bulk 
of water, and either passing carbonic anhydride through it, or cautiously adding a few 
drops of dilute acetic acid, collecting the precipitate, ana dissolving it in a dilute solution 
of a neutral alkaline salt, or by the aid of a few drops of an extremely dilute solution 
of caustic alkali. Serous fluid, when freed by filtration from fibrin (if it has been 
formed), epithelial scales, &c., is dear, slightly fluorescent, of a yellow or golden 
col:wr, ana distinctly alkaline, with a specific gravity varying from 1 005 to 1*030. It 
contains, besides the flbrinary elements, albumin, fats, cholosterin (protagon ?) sugar 
(or an nnfermentable substance reducing cupric salts), urea, uric acid, ana frequently 
xanthine. According to Naunyn (Arch. Anat. Phys. 1865, p. 166), creatine, crea- 
tinine, and hippuric acid are never found in it. The inorganic salts are nearly the same 
as those of blood-serum. In serous fluid which had become purulent, Naunyn found 
leucine, tyrosine (guanine), and xanthine, but no urea or uric acid. In 1000 cc. of 
peritoneal fluid (ascites), Planer found 95-2 cc. free, and 48*8 cc. combined, carbonic 
anhydride, 21*0 cc. nitrogen, and 0*14 cc. oxygen (measured at 0° and 76 mm). The 
following table shows the composition of serous fluid from various sources:-— 


Specific gravity 

Water .... 
Solids .... 
Albumin 

Fat and extractives 

Salts ... . 

Hydrocele. 

(W.Muller.) 

Hydrocele. 

(W.Muller.) 
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1*021 

940*155 

69*845 

43-855 

7*748 

8*242 

1*022 

934079 

65-921 

61-758 

4-942 

9-221 

936 0 
64-0 
53-4 
3*0 
7-4 

957*59 

42*41 

27*82 

955*13 

44*87 

25*49 

12*69 

6-69 

946.0 

54*0 

33*0 

13*0 

80 

Specific gravity . 

Water 

SolidB . . 

Albumin 

Fat and extractives 

Salts ... . 

Peritoneum, 

Cirrhotic. 

(Hoppe.) 

Peritoneum. 
Morbus Brightii. 
(Hoppe.) 

Peritoneum. 

Cirrhosis. 

(Redtenbacher.) 

(Edema of Feet. 
Morbus Brightii. 
(Hoppe.) 

Aqueous Humour 
of Calf. 

(Lob raeyer.) 

Tears. 

(Ler c h.) 

1*094 

984-59 

15-50 

6-17 

1*25 

8-08 

963*68 

32*32 

16*11 

5*27 

10-94 

1018 

947-17 

62-83 

4205 

302 

7*76 

982-17 

17-83 

3-64 

5*19 

9*00 

986*870 

13*130 

1*223 

4*210 

7*697 

982*0 

18*0 

5*0 

13*2 

(NaCl 13-0) 


Hoppe (Schmidt, A. Archi. Anat. Phys. 1861, p. 713) estimated, by means of the 
polarization apparatus, the percentage of albumin in 38 cases to be as follows: Hydro- 

cele: mean of 17 cases 5 6; pericardium: mean of 11 cases 20, case of general 
dropsy 0*7, case of typhus 4 0; peritoneum: mean of 5 cases 1*3, case of general 
dropsy 0*2; pleura: hydro thorax 1*6, pleurisy 4*2 .—Aqueous humour, which may be 
considered as a serous fluid, contains globulin (fibrinoplastin) and urea. The tears 
contain mucus in addition to albumin, and are remarkable for their We amount of 
chloride of sodium. Ml? 


serpentaria. 


P, or AHstolochin . The bitter principle of the root of Aristolochia 


wJjK ^rr . — £ ;• Ophite , Ophiolite: including Picrolite, Marmolite, Metaxite, 

WiUtamstte, Bowemte, Chrysotil, Sparkling Asbestos, Baltimorite, Antiaorite. — A 
mineral, consisting essentially of hydrated magnesium-silicate, the magnesium being 
replaced, .to a vai ™ble but never very considerable amount, by iron (ferrosum), 

' Ser P enfcm ? usually occurs massive, sometimes forming entire mountain masses, also 
granulous, impalpable, fibrous, or foliated; sometimes in crystals, apparently tri- 
metric ; but these are not true crystals of serpentine, but pseudomorphs after chry- 
* obte \ **>“ Variations in the proportions of its constituents, and its mode of 













CCD urtmeei, and from admixture with other mjnemls, it exhibits numsmnfr varieties^ 
gome o£ which have been regarded as distinct species : e.g. Picrolite, Williamsite, 
Bowenite, 4 nt ^° r i te » Baltimoritc, &c. 

Serpentine has usually a leek-green or blackish-green colour, sometimes nearly 
white, becoming yellowish-grey on exposure ; it is often spotted or veined, as in verd 
antique marble, which consists of serpentine veined with calcic carbonate. Chrome- 
iron is also frequently disseminated through serpentine, giving it a mottled appearance 
like the skin of a snake, whence its name. Streak white, slightly shining. Lustre re- 
sinous or greasy, but of low intensity : the fibrous variety, chrysotil, has a silky lustre. 
Translucent to opaque. Hardness *=3 — 4. Specific gravity *= 2*507 — 2*591. 
Fracture conchoidal or splintery. Sectile. Thin fibres flexible. 

Serpentine heated in a glass tube gives off water and often blackens. Before the 
blowpipe it mostly burns white, and melts with difficulty on the sharpest edges. 
When pulverised it dissolves in hydrochloric, and more readily in sulphuric acid. 

Some serpentines contain alumina, others are free from it. In the following 
analyses the two classes are distinguished, and in each class the analyses are arranged 
according to increasing amount of iron : — 

I. Serpentines not containing Alumina: — a. Serpentine from Gulsio in 
Wermland, Sweden (Mosander)*. — b. Bowenite , from Smithfield, Rhode Island: 
green; fine-grained; specific gravity — 2*594 — 2*787 (Smith and Brush). — - 
c. Serpentine from Sala, in Sweden (Lychnell). — d. Wiiliamsitc, from West- 
chester, Chester County, Pennsylvania : green, laminated ; specific gravity « 2*29 — 
2*64; accompanied by common serpentine and chrome-iron (Smith and Brushb— 
e. Chrysotil , from Newhavcn, Connecticut: specific gravity = 2*49 (Brush;. — 
f Picrolite , from* Reichenstein, in Silesia: greenish-grey (List). — g. Marmolite , from 
Blandford, Massachusetts (Shepard). — k. Serpentine, from Windish Mattrey, Kaiser- 
thal, in the Tyrol: conchoidal ; specific gravity =* 2*59 (Gilm). — t. Serpentine, 
from Kynance Buy, in Cornwall (Houghton): 


Carbonic anhydride 

a . 

0 89 

b . 

c. 

1 03 

d. 

r. 

A 

F- 

A. 

/. 

Silica ... 

49*34 

42*29’ 

42-16 

42*10 

44*05 

44*61 

4008 

43*07 

88*29 

Magnesia . 

44*20 

42 30 

42*26 

4 ! *50 

39 24 

89*75 

41 40 

88*03 

84*24 

Ferrous oxide 

Nickel oxide . 

• ■ 

1*21 

2*03 

2*4:1 

0 45 

2*33 

2 63 

9*70 

5*71 

13*50 

Water • • 

12 38 

12 : 96* 

12-33 

12*70 

13*49 

12*57 

1567 

1291 

12*09 


90*81 

0876 

09- 8 1 

90*18 

95^31 

99*56 

99 r 85 

99*74 

98*12 


II. Serpentines containing Alumina: — a. Chrysotil in compact serpentine, 
from Abbotsville, New Jersey: yellowish-white (Reakirt). — h. Marmolite from New 
Jersey (Garrett). — c. Williamsite from Westchester (Hermann). — d. Chrysotil 
(sparkling asbestos) from Reichenstein in Silesia (v. Kobell). — c. Noble serpentine 
from Fahlun (Lychnell).-—/. Serpentine from the Serpentine Peak, Ate Chon ire, 
between Breona and Chombaira in the Valais : massive ; blackish -green (Schweiz or). 
— -y. Antigorite from the Antigoria Valley near Domo d’Osola (Brush). — h. Radiated 
Picrolite from the Taborg, Sweden (Lychnell). — t. So-called asbestos from the com- 
pact serpentine of Zoblitz in Saxony: specific gravity ■■ 2*60— 2*65 (C. Schmidt).— 
k’ Baltimorite from Bare Hills, Maryland (Thomson): 


Carbonic anhydride . 

a. 

A. 

c. 

d. 
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8-42 

/• 

f* 

A. 
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i. 

A. 
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. 49 62 

42*3*2 
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44*22 
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43*70 
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Alumina . 


. 0*38 

OG6 

075 

0*40 

0 37 

1-38 

2 60 

0-73 

276 

1*50 

Magnesia . 


. 42*67 

42*23 

39*71 

40 00 

40 64 

36*41 

36 HO 

33-44 

2996 

10*08 

84*75 

Ferrous oxide 
N ickel-oxide 


. 0*27 

1*28 

139 

090 

2*06 

9*22 

4*90 

7*22 

8*94 

1005 

SiNlA 


• • • 

# . 

. . 

. . 

, . 

, . 

# 0 

t 

198 


Water 


• 14*25 
100*19 

13-80 

100-29 

1275 

100*00 

13-80 

9978 

11-68 

100*28 

1311 

100*00 

12*67 

100-87 

1286 

98*68 

1227 
100 70 

12*60 

99*85 


All these analyses maybe approximately represented by the formula 3Mg"0.2Si0*.2H a 0 # 

or iOV2H 2 O t the magnesium being more or less replaced by iron, and 

the silica in the serpentines of the second class partly replaced by alumina. The 
calculated composition of a non -aluminiferous serpentine is, according to this for- 
mula, 44*14 per cent, silica, 42*97 magnesia, and 12*89 water. 

Serpentine is frequently a result of pseudomorphic changes. Hornblende, augite, 
chrysolite, garnet, spinel, mica, and many other minerals occur thus altered. Rose 
has found that some of the supposed crystals of serpentine are partly chrysolite, the > 
change not having been complete. , 

Preciousor noble serpentines come from Fahlun and Gulsjo in Sweden, the Isle of Mnh, 
the neighbourhood of Purtsey in Aberdeenshire, Corsica, Saxony, and Siberia, and many 

* For references, aee Ramm cU berg'g Miner alchemic , , p. 531. 



localities' fa die' United States of America. Serpentine occurs in crystals at Lake 
Auschkal, in Minsk, Borsovka, &c. Common sezpentine occurs at Lizard's Point in 

Cornwall, nod many other places. 

Serpentine admits of a high polish, may be turned in a lathe, and is used tor making 
rases, boxes, and various ornamental articles ; it may also be made available as a 
source of magnesia. (Dana, ii. 284.) 

rB-A8BESTOSi Chrysotil . (See the last article.) 

ITZB8-BOLOM1TB. Mixtures of serpentine and dolomite. For 

these and similar mixtures of serpentine with calcspar, magnesite, &c., T. S. Hunt 
(J. pr. Chem. hdtiv. 150) proposes the name ophiolite, distinguishing them as cal- 
citic, dolomitic, magnetitic, ophiolitic, &c. 

BBBPUrTZNCTB, from Reichenstein in Silesia, appears to he a soft, somewhat 
steatitic alteration of serpentine. 

•I8XATU&A TXNCTO&XA. Sawwort. A composite plant of common occur* 
rence, formerly cultivated for its yellow dye, which, however, is now seldom used, as it 
is inferior to weld. 

•amiTME or BLOOD. Sec Blood (i. 608). 

BBB1TK Or MXME. Whey. The opalescent liquid containing milk-sugar and 
various salts, which separates when milk is curdled by the action of acids, rennet, Ac. 

88BAMCB-OIL. A fatty oil obtained from tho seeds of Srsamum orientate , a 
plant indigenous in India, and cultivated in other warm countries. According toLefort, 
it has the composition C 3 ®II 1B t) 7 , and forms with bromine and chlorine the substitu- 
tion-products C^H^BrO 1 and C ,0 H ,T C10 a . It is a non-drying oil, of yellowish colour, 
inodorous, and having a slight taste of hemp. Specific gravity = 0*9230 at, 15°, 
diminishing, with rise of temporature, by 0*00076 for each degree centigrade. At. —5° 
it solidifies to tho consistence of palm-oil. It is used for burning in lamps, for sonp- 
mnfking, and for adulterating olive-oil ; in India as an article of food. 

8B8LBRXA COBRUXBA. Blue Moor Grass . — This grass, growing on the moun- 
tains of England and Scotland, contains, according to C. Sprengel (J. f. tcehn. 
Chem. x. 61) in 100 pts. : 56 pts. water, 10*1 matter soluble in water, 19*0 soluble in 
dilute potash, 0*8 wax and resin, 14*9 (?) iron. 100 pts. of the dried plant yield 6*67 
pts. ash (Sprengclb 4*0 pts. (Hruschauer, Ann. Ch. Pharm. lix. 204). The ash 
contains in 100 pts., after deduction of carbonic anhydride : 

NaCI * 

trace (Sprengel) 

3*8 (Hruschauer.) 

QTJX. Prefix, denoting one and a half: e. g. Pe a O a or FeO 1 *, sesquioxide of 


K» 

N»*0 

Cn O 

MgO 

A1 = 0 3 

Fe*O a 

Mn 2 0 3 

SO 2 

pc 0 s 

Si 02 

14 8 

43 

22*0 

trace 

2*5 

1*2 

0*6 

55 

3*7 

44*8 

9*2 

8*8 

17*2 

6*4 

. . 

6*9 

. . 

5*9 

15*6 

27*3 


SBVBSSZTS. An argillaceous mineral from Saint-Severe in France, where it 
occurs in masses below tertiary gypsum. It contains, according to Pelletier, 50 per 
cent, silica, 22 alumina, and 20 water, and appears to be related to halloysite and 
lenzin. But it is very difficult to determine whether a mineral of this character is a 
distinct species or a mixture. Another mineral from Saint -Severe, exactly resembling 
severite in physical eharaetdrs, was found by r. Hauer to contain 44*42 per cent, silica 
36*00 alumiuu, 18*4 water, and 0*65 lime. (Handw. d. Chem. vii. 844.) 

B BRA RTOPLITB. Breilhanpt's name for sulphide of lead*, occurring at Berncastel 
in hexagonal forms, as a pseudomorpli ufter pyromorphite. (Jahrcsb. 1862, p. 709 ; 
1863, p. 796.) 

8BTBBRTXTB. Syn. with Clintonit* (i. 1026). 

8H BA-B1JTTBR, A vegeta bio fat obtained in West Africa from the nuts of 
Bassia Parkii. The nuts aro shelled, and the kernels, which consist almost wholly of fat, 
are boiled with water and pressed. Shea-butter is greenish-wliite, solid at common 
temperatures, softens at 35°, melts at 43° ; dissolves for the most part in boiling 
alcohol, and crystallises on cooling ; also in ether, and crystallises therefrom. By 
saponification and decomposition cf the soap, it yields an acid which separates in 
peiafly scales, melts at 61*1°, and forms a silver-salt containing 54*71 percent, carbon, 
' .8*98 hydrogen, 27*83 silver, and 8*48 oxygen (Thomson and Wood, Phil. Mag. [3], 
XXxiv. 860). According to Oudemanns (J. pr. Chem. Ixxxix. 205), it yields 29*7 
per cent, oleic acid, 70*3 stearic acid (melting at 69°), but no palmitic acid or any 
other acid of the series C'H ta O\ of lower atomic weight Similar results have been 
obtained by Buff. (Gmetin's Handbook, xvi. 334.) 
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' CT mi liMaftO i Lad purified by maltiav and straining fin. 4ftl> 

3eed-hc or gmin-lao contains, according to John , tworeeina eoJuble in alcohol, and an 

insoluble resin (laccin), besides colouring matter, a bitter principle, and impurities. 
Shellac contains two resins and a war, but no laccin. It is of yellowish-brown, brown, 
or black colour, translucent, hard, with a shining conchoidaJ fruoture , and has, according 
to Brisson , a specific gravity of' 1*139* It dissolres easily in hydrochloric acid, 
acetic acid, potash, soda, and borax, but not in ammonia (Hatchett); with moderate 
facility in wood-spirit, and is precipitated therefrom by water. It is perfectly soluble 
in amylic alcohol and valerianic aldehyde, moderately soluble in valerianic acid, 
slightly in amylic valerate (Trautwein). It dissolves partially is cold creosote 
(Reich enbach), but slightly in boiling rock-oil (Suns sure) and in benzene* 
though benzene mixes with its solution in methylic or ethylic alcohol (Mansfield) ; 
in Hpts. of acetone, forming a thick oily varnish. (Wiederhold.) 

The bleaching of shellac on the large scale is effected by chlorine or its compounds, 
but the best material for the purpose is bone-charcoal (Eisner), especially bone- 
black, purified by means of hydrochloric acid, and not subsequently dried (K ra u t). A 
perfectly white shellac, having a silky lustre, and completely solublo in alcohol, is 
obtained by the following process: 25 pts. of shellac arc dissolved in 600 pts. of 
water containing 10 pts. of soda; and the solution is mixed with diluto hypochlo- 
rite of sodium (prepared from 30 pts. chloride of lime), and then with hydrochloric 
acid, as long as the precipitate redissolves. It is then exposed to the sun for a day or 
two, filtered, mixed with sulphite of sodium, and precipitated by hydrochloric acid. 
(Gindin's Handbook, xvii. 420.) 

SHBPARDXTE. This mime is given by W, Haidinger to tlio small brown 
striated prisms, consisting essentially of a sulphide of chromium, occurring in the 
meteorite of Bishopsville in South Carolina (iii. 981). Shepard, who examined this 
mineral, called it Schreiher&ite ; but this name belongs to the phosphide of iron and 
nickel occurring in meteoric iron. 

8IB8BXTS, Syn. with Rubellite or Red Tourmalin. (See Tourmaijn*.) 

SICCATIVES. Varnishes added to oil-paints to make them dry quickly. They 
are prepared by boiling linseed-oil with metallic oxides, or salts. Formerly litharge, 
minium, umber, and gypsum were employed for the purpose, but more recently the 
oxides and salts of manganese have come into use ; they produce rapidly drying sic- 
entivps, and when added to zinc- white, do not introduce any substance that can bo 
blackened by sulphuretted hydrogen. A mixture of equal parts of manganous 
sulphate and acetate with an equal quantity of zinc-sulphate and 97 pts. zinc-white* 
added in the proportion of onc-lmlf to one per cent, to the zinc-oxide with which the 
oil-colour is to bo prepared, is said to effect the drying of the paint in 12 hours. A 
similar mixture is the siccative cumatiquc dc liarrucf, which, according to Holley 
(Dingl. pol. J. exli. 3981, is made by mixing from 5 to 6 pts. of borous manganato 
with 95 pts. of zinc-white, and adding to zinc-wliito colours in the proportion of 
2} per cent. (Handw. d. Chem. vii. 846.) 

SXDA CAXtPXXrzroXiZA. The leaves and fiowers of this plant are used 
medicinally in Brazil for the Bame purposes as mallow. 

BXDmiTE. A namo applied to native ferrous carbonate or spathic iron-ore, 
to pharmacosidnrite or cube-ore (ferric arsenate, ii. 171), and to a blue variety of 
quartz from Gulling, near Salzburg. 

SH>SXOCHAXCXTXh Syn. with Abichite, one of the forms of native cupric 
arsenate. 

SXBBBOOOarZTX. A variety of ealespar, coloured yellow or brown by ferric 
hydrate. 

SSBSROBOTXL Breithaupt’s name for a calcareous iron -spar from Radstadt in 
Salzbuig : specific gravity =* 3*41. 

innomura. This name is given by Bahr (J. pr. Chem. liv. 194) to 
native iron found in a petrified tree on a floating island in the Ralanger Lake in 
Smaland, Sweden. The tree is converted into ferrous hydrate (bog iron-ore), and the 
iron forms small grains, probably resulting from the reduction of an iron-salt. The 
iron is porous, and has a specific gravity of 6248 to 6*497, increased by •hammering^, 
6-626. - 7 

SXBBROO&APHXTS. A native iron from North America, containing a some- 
what considerable quantity of carbon. (Torrey, G? acker's Grundiss d. Min., p. 342.) 



A mineral from the palagonitfrttiifa oflceland, naaemblhitf 


Obsidian in colour, lustre, and fracture : specific gravity =* 2*631. It difibif true 
palagonite (iv. 324) in not being decomposible by hydrochloric add. (bntjpi 46*10 
per cent. . silica, 13*73 alumina, 1 8 62 ferric oxide, 8*10 lime, 3*21 magnesia, 2*83 soda, 
0*96 potash, 0-36 water, and 6*52 residue (- 98*81). The oxygen-ratio in the pro- 
toxides, sesquioxides, and silica is 1 : 3 : 6, the same as in labradorite. (Sartor ius 
V. Walt era hausen, Vulkanhtche Gesietne, p. 179.) 


I Pai OfHAlMACOMTB. Syn. with Abichitb. 

■XDBSOMXBZTZ. Breithaupt’s name for a variety of mesitin-spar (Mg ; J’e)'* 
CO*, found, at Pohl in the Saxon Voigtland, containing 2 at. Fe"CO* to 1 at. Mg"CO f . 
Angle, R : B «* 107° 6"; specific gravity ■» 3*616 to 3*660 (Breithaupt, Sill. Am. J. 
[2] xxvi. 348). It is also found at Traversalla, in Piedmont, and at Bohmsdorf, near 
Schleiz. An allied mineral from Mitterberg in the Tyrol was found by Kohn to con- 
tain 4 at. Fe'CO 1 to 1 at. Mg"CO*. (Jahresb. 1858, p. 733.) 


8 XS 1 S 08 B 0 K 1 I. A name applied by Breithaupt to a variety of bole, having 
a higher specific gravity (= 3*24) than ordinary bole, which he attributes to the 
presence of a larger proportion of iron. 

BXDaSlOSCSXaoXiZTSI. A ferroso-ferrous silicate, occurring at Conghonas do 
Campo in Brazil, in hexagonal crystals, closely resembling cronstedtite in colour and 
other physical characters, and in its behaviour before the blowpipe. The analysis of a 
very small specimen by Wernekink (Pogg. Ann. i. 387), gave 16*3 per cent, silica, 
73*5 ferroso-ferric oxide, 4*1 alumina, and 7*3 water (=* 103*2). 


BXDBROSB. A' name of native ferrous carbonate. 

SXDBIRO BXXiICITE. A mineral forming, together with trinacrite, a brown mass 
on the tufa of Tonnara, at Cape Passaro, tho southernmost point of Sicily. It has 
not been isolated, but, by calculation from the composition of the mixture, it appears to 
contain 34*04 per cent, silica, 7*48 alumina, 48*54 ferric oxide, and 10*13 water. 
(Waltorshausen, Vulk. Gesteine, p.234.) 


BXDBBOTAlfTALXTBi See Tantalite. 

BXDBIROTTPB* A method of producing sun -pictures by means of ammonio- 
ferric citrate. Paper impregnated with this salt is exposed to light in the camera, and 
the picture is developed with a neutral solution of gold or, better, of silver. (Hersch el, 
Phil. Mag. [3] xxi. 225.) 

8XRBBRXTB. Red tourmalin. 


BXBOBOrXTB. Syn. with N icxxL-tlNN JEITE (iv. 44). 

BXBfflTB. Syn. with Sy unite. 

BXBBX. The old name of Silica. 

BXLXCA, SiO*. Oxide of Silicium, Silicic Oxide, Silicic Anhydride, Anhydrous 
Silicic Acid ( Silice, Acide silicique. Kieaelerds, Kieselsdure). — This compound occurs 
abundantly, and pure or nearly pure, in quartz, flint, chalcedony, horn stone, jasper, 
opal, &c. ; crystalline in quartz and its varieties ; amorphous in opal (iv. 204 ; v. 1). It 
is the chief constituent of all sandstones, and enters largely into the composition of 
felspar and a great number of other minerals. 

Silica is produced artificially : 

1. By burning silicium in the air or in oxygen gas. 

2. By the action of water on gaseous fluoride of silicium : 

SiF« + 2IFO = SiO* + 4HF. 


The silica, is thereby precipitated as a gelatinous hydrate, which, when dried and ignited, 
leavespure anhydrous silica in tho form of an extremely fine white powder. 

3 * ^decomposition of alkaline silicates. — Pure pulverulent silica may be pre- 
pared by fusing ground flint with about three times its weight of an alkaline carbonate, 
and decomposing the resulting compound with hydrochloric acid. A good modo of 
operating is to fuse ii mixture of tho carbonates of potassium and sodium in equivalent 
proportions at a red heat, and add ground flint or quartz to the melted mass by small 
quantities at u, time, each addition causing a brisk effervescence, due to the escape of 
carbonic anhydride. The mixture is then heated strongly for some minutes, and, after 
^cooling, treated with dilute hydrochloric acid, which decomposes it completely. On 
evaporating the h<pd , the silica is separated as a gelatinous hydrate, which, on con- 
tinning the heat, m ultimately converted into a white earthy Jowdei, consisting of 
anhydrous silica. It must then be digested with oil of vitriol, to remove any traces of 



titanic oxide that indy he present, freed from the etroog add by decantation, and lastly 
washed, dried, and ignited: it is then quite pure, * 

Silica may likewise be obtained nearly pure by heating quarts or flint to redness 
and quenching it in water ; it is thus rendered friable, and may easily be reduced to a 
fine powder. 

Properties . — The physical characters of natural silica, both crystallineand amorphous, 
have been described under Opai, and Quarts. The crystalline variety has the higher 
specific gravity rangingfrom 2*5 to 2 8, that of amorphous silica being between 1*9 and 
2’8* Quartz is also very hard, being capable of scratching glass ; the hardness of 
opal is somewhat less. 

Silica, whether natural or artificial, crystallised or amorphous, requires a very high 
temperature to fuse it. In the flame of the oxy hydrogen blowpipe, or of a spirit-lamp 
fed with oxygen gas, it melts to a transparent glass* which may be drawn out into long 
threads. It is not volatile when heated alone, but it is said to volatilise when very 
strongly heated in a current of steam ( Ghnelin's Handbook , iii. 355), and has 
been found in the throats of iron-smelting furnaces, in concretionary nodules having 
a radio-fibrous structure (Scheeror ; H. Rose, Jahresb. 1859, p. 147). Before the 
blowpipe silica decomposes carbonate of sodium with effervescence, and melts to a 
glass which is perfectly transparent, provided the silicu is pure. In microcosinic salt 
it is almost insoluble. 

Silica is decomposed by potassium at a red heat, yielding silicide and silicate of po- 
tassium; by carbon, in presence of iron, copper, or silver, at a white heat, into carbonio 
oxide and silicide of iron, copper, or silver; by hydrofluoric acid into water and fluoride 
of silicon. 

Native silica, whether crystalline or amorphous, is insoluble in water and in all acids 
except hydrofluoric acid ; so likewise is finely divided artificial silica after ignition; 
and oven in the gelatinous state, as separated by acids from alkaline silicates, it ia 
almost insoluble in water and in acids. The gelatinous hydrate obtained in the de- 
composition of silicic fluoride by water, dissolves, however, in a considerable quantity 
of water (Berzelius). In alkalis silica dissolves with greater facility. Freshly 
precipitated unignited silica dissolves in aqueous caustic potash or soda at ordi- 
nary temperatures, and even after strong ignition it dissolves slowly but completely in 
a cold, and rapidly in a boiling solution of caustic alkali. The different kinds of 
opal which, like precipitated silica, are amorphous, behave in the same manner with 
alkalis. Hyalite dissolves more slowly than the other varieties in cold aqueous alkalis. 
Quartz, even in a state of minute division, is perfectly insoluble in a cold solut ion, and 
dissolves but slowly in a boiling solution, of caustic alkali ; but under pressure it dis- 
solves more easily, forming a solution of an alkaline silicate. 

Finely divided amorphous silica and gelatinous silica dissolve also to a slight extent 
in alkaline carbonates, which are only partially decomposed thereby, and deposit the 
silica again on cooling in the form of an opalescent jelly, containing a small quantity of 
the alkali. It appears to be owing, to the solubility of silica in alkaline carbonates, 
that almost all spring and river waters contain minute quantities of silica in solution. 
When the action of the alkaline liquid is aided by a high temperature, as in the 
Geysers of Iceland, very lurge quantities of silica arcs dissolved ; and as the liquid cools, 
the silica is deposited on the sides of the basin, or as petrifications on bodies 
contained therein. 

Hydrates of Silica . — Silica is precipitated from solutions of alkaline silicates by 
acids, in the form of a gelatinous hydrate, which, as already observed, is nesrly in- 
soluble in water and in acids. If, however, a dilute solution of an alkaline silicate bo 
poured into a considerable excess of hydrochloric acid, the whole of the silica is 
retained in solution, but may be precipitated by gradually neutralising the acid with 
an alkali. 

From the solution of alkaline silicate in excess of hydrochloric acid, Graham (Phil, 
Trans. 1861, p. 204) obtains a pure solution of hydrate of silica by subjecting the 
liquid to dialysis in a hoop^dialyser of parchment-paper (iii. 716). If a stratum .of 
liquid ^ of an inch in depth be subjected for.four or five days to dialysis, changing the 
water in the outer vessel at intervals of 24 hours, the hydrochloric acid and the 
soluble chlorides diffuse so completely into the water, that the liquid in the dialyser no 
longer gives a precipitate with nitrate of silver. 

A solution may be thus obtained, containing 5 per cent, of silica, and by boiling it 
down in a flask, it may be concentrated till the quantity of silica reaches 14 per cent. ; 
in open vessels it is apt to gelatinise on the edge, and the whole then solidifies. The 
solution is tasteless, limpid, and colourless, with a feeble acid reaction, rather greater 
than that of carbonic acid; 100 pts. of silica require 1*85 pts. of pofash (K*0) to 
neutralise their acid reaction upon litmus. The solution is not easily preserved for 
many days, as it becomes converted into a solid transparent jelly, which shrinks and 
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gives up water even in eloeed veuel*. The coagulation ia ^retarded "by hydrochloric 
acid, and by small quantities of caustic potash op soda. Sulphuric, pitnc, and acetic 
acida are without action on the solution, but it is slowly coagulated by a few bubbles 
of carbonic acid. Its coagulation is also 'effected in a few minutes by the' addition of 
_ 1 _ pjpj any alkaline or earthy carbonate in solution, but not by caustic ammonia, 
or by its salts, either neutral or acid. . Alcohol, sugar, gum, and caramel are without 
action on it, but solutions of gelatin, soluble alumina, and soluble ferric oxide (iii. 717) 
immediately cause a gelatinous precipitate: when solution of silica is gradually added 
to solution of gelatin in excess, the precipitate formed consists of 100 pts. silica and 
92 pts. gelatin. 

The solution, evaporated at 16 6 0 in a vacuum, leaves the silica in the form of a 
transparent glassy, very lustrous hydrate, containing, after two days’ exposure over 
oil of vitriol, 21*99 per cent, water, which agrees nearly with the formula H'O.SiO 2 or 
H*SiO*. (See also Additions, p. 1088.) 

Other hydrates of silica have also been obtained, but it is difficult to fix their com- 
position exactly, as silica easily loses a portion of its water, even at low temperatures, 
and is moreover very hygroscopic. Ebelmen (Ann. Ch. Phys. [3] xvi. 129), by the 
action of moist air upon silicic other, obtained a transparent glassy hydrate, containing 
3H 2 0.2SiO a . Doveri {ibid, xxi, 40), by drying ordinary gelatinous silica in vacuo 
over oil of vitriol at ordinary temperatures, obtained a hydrate, which had the compo- 
sition 2H 2 0.3Si0 3 , and gave off half its water at 100°. Fuchs (Ann. Ch. Pharm. 
Ixxxii. 119), by drying gelatinous silica (prepared by passing gaseous fluoride of silidum 
into water) over oil of vitriol for 30 days, obtained the hydrate H*0.3Si0 2 , containing 
9*1 to 9*6 per cent, water ; and by drying it at 100° for 18 days he obtained another 
hydrate containing 0 6 to 6*7 per cent, water, agreeing with the formula H 2 0.4Si0 a . 

A very white and light hydrate of silica occurs abundantly in certain beds situated 
at the base of the chalk-formation, between the upper greensand and the gault. The 
proportion of hydrated silica in these deposits varies greatly, ranging from 5 to as much 
as 72 per cent., and being most abundant in the upper portion of the deposit. 

81UCATE8, AXiCOHOXiXC. See Silicic Ethers. 


SILICATES, MfiTAXXiXC. These salts occur abundantly as natural minerals, 
constituting in fact the greater part of the earth’s crust, Many silicates may also ho 
produced artificially, by fusing silica with metallic oxides, or with carbonates, sul- 
phates, and other salts containing volatile acids. Some of the products thus obtained 
are exactly similar, in crystalline form and other characters, to natural minerals of the 
same composition. Some silicates, us those of potassium and sodium, are exclusively 
artificial products. (On the artificial formation of silicates, see Lefort, J. Pharm. 
[3], xxxix. 110; Jahrosb. 1861, p. 205. II. Dovillo, Compt. rend. liv. 324; Jahresb. 
1862, p. 138. B. v. Ammon, Jahresb. 1862, p. 138). 

The silicates exhibit great diversity of composition. Those which occur as natural 
minerals contain proportions of metallic oxide and silica, included between the follow- 
ing limits : 


o, For silicates containing only mon- 
atomic and diatomic metals 


X 4M 2 0 q. 
5 or 4M"OP 1 


Si°» and or jj"q| 


2SiO*. 


0 . For silicates containing triatomic metals: 2R s O , .SiO* t and R-0\6SiO 2 . 


^ Some of the artificial silicates contain larger proportions of acid ; thus by fusing 
silica with the carbonates of potassium and sodium in the proper proportions, tetro- 
silicates, K 2 0.4Si0 a and Na 2 0.4Si0 2 , are produced ; potash is also said to form an 
octosilicute, K*0.8Si0 2 . 

The following table exhibits the composition of the several groups of natural sili- 
cates, together with the ratios of the quantities of oxygen contained in the base and 
acid (SiO 3 ) in each case. The symbol M in the table denotes a monatomic metal ; the 
Substitution of equivalent quantities of diatomic and triatomic metals is easily made, 
the formula in the latter case sometimes requiring to be multiplied by three:— 
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Composition of Natural Silicate », 



Oxygen 



Kamo of Group.* 

mio 
M*0 : 

Formula, f 

Example*. 


SiO» 



Hezbasie 

1:1 

6M 8 0.SiO 3 - M ,2 SiO® 

Collyrits 2Al*0*.Si0* - Al’SiO* 

Tetrabasic : te- 3 
tartosilicatoej 

1:* 

4M*0.Si0* = M’SiO* 

jStaurolite (St. (xothard) 
j ( J AT'.^F e"' ) a Si*0 a 




(Margarite 

^-silicates 

1:4 

7M J 0.2Si0* = M H Si a O' 

{ (Ai m ; Fa") 4 [Si’Craq. 

A-silicates 
j Tribasic : trito- } 
! silicates { 

I*-* 

is* 

10M*O.3SiO* = M»Si*0'« 

3M*O.SiO> - M’SiO* 

Thuringite (Fe*Ai*)Si*0‘* 

Cyanite ; Andalusite APSiO* 

i 

f-silieates 

l:} 

8M*0.3Si0 1 = M^Si'O” 

Chondrodite M^SiK) 11 

f-silicates 

1 = 4 

5M 2 0.2Si0* ■*» M lfl Si 2 0 B 

Euclase (Ot*Af 3 )Si*0® + aq. 

Dibasic: hemiO 
«ili cates, or > 

1 : 1 

2M I O.SiO* - M’SiO* 

/ Fay alite Fe’SiO* 

J Olivine (Mg"Fo')SiO* 

Orthosilicates) 



1 Garnet (C£*AT’)8i*0» 

^-silicates 

l: 11 

16M*0.9Si0* - M^SPO®* 

Nepheline (Nu’Ai")Si»0** 

^-silicates 

1:11 

6M*0.3Si0 =M'«Si*0" 

Prehnito (Ca*Ai*)Si*0» 

Barsowite (CM’JSi'O" 

f-silicates 

1*1* 

8M*0.5Si0* = M“Si*0 18 

Dichro'ito ( Ar » | Si*0‘* 

^-silicates 

1 : 1* 

SM’O^SiO* ~ M’Si’O’ 

| Serpentine M^fSTO 7 + 2 aq. 



1 Dcgeroito fVSi 2 0 T 

|-silicates 

l:lj 

4M ! 0.3Si0* - M’Si'O 10 

Scolecite (Ca"AT 3 )8i*O l# 

Monosilicates, \ 
or Meta- V 

silicates ) 

X : 2 

M’O’.SiO* - M’SiO* 

< Wollastonito Ca"SiO* 

(Diopside (Ca; Mg)"SiO® 




' Oligoclase 

J-sili cates 

1 = 24 

8M’0.9Si0* - M'*Si"0 M 

(Ca"j Mg"; K 3 ; Na*)*) 

1 Kv |Si'0» 

f-silicates 

1:2J 

4M*0.fiSi0* -M'Si‘0'* 

Talc Mg 4 Si A 0 M + J aq. 

f-silicates 

1:2* 

5M*0.6Si0* = M'"Si*0" 

Pectolile (Na 3 Ca«)Si B O lT 
f Orthocliise (KAl'^SPO* 

Sesquisili cates 

Disilicates, or > 
Bisilicates ) 

1:8 

2M*0.3Si0* = M’Si’O* < 

[Stilbito (Ca'A^JSPO” + 5aq. 
Okenite Ca"Si 3 0® + 2 aq. 
Bcaumontito 

1:4 

M’0.2Si0* - M’Si’O* • 

(Ca'Al*)Si*0» + 6 aq. 
Petalite [(Li ; Na)*A! , ]K“0“ 



* Silicates are sometimes distinguished by names which express directly the oxygen-rsllo In the 
base and add, the ratio 1 : 1 giving Singulatilicatet, t : 2 Ditilicatet, 1 : 3 Triplicate *. I : 4 Quadra - 
PHcaiei, Ac. 

t To convert the forma lie in this Uble into the older formulas ic which silica U regarded as a trioxide, 
@ios, multiply the entire formula by 3, correct the silica term by the equation ISiOZ ** § @tO®, atul 
reduce the whole to Us lowest terms; cg.-2M''0.SI0 5 = SM^O.^IO 3 ; M’O.SfO* = 3M-0.2<2>WP ; 
2M*0 JSIO= m M>0.©t0». Conversely, to change formuUt containing 2>iO* iuto those containiug 
SiO*. divide by 3, and correct for « | SIO*. 

B 2 
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The dibasic silicates in which the oxygen-ratio is 1 : 1, are regarded as normal or 
orthosilicates, and from these the mono- or metasilicates may be derived by abstraction 
of 1 at M 2 0. These two groups, together with the sesquisilicates (2 : 3), include the 
most-numerous and important of the natural silicates. Many of the ordinary varieties 
of glass may be approximately represented by . mixtures of silicates of potassium, 
sodium, calcium, &c. belonging to tne group of disilicates. 

Hydrated silicates may be referred to one or other of the preceding groups, accord- 
ing as more or less of their water is regarded as basic; thus dioptase may be 
formulated either as a homisilicate, Cu"H*SiO\ or as a hydrated monosilicate, 
Cu'SiOMPO. In like manner okenite, represented in the above table as a hydrated 
disilicate, Ca"Si 2 0*.H z 0, may also be formulated as a monosilicate, (Ca"H*)Si*0 # . 

Most silicates are fusible, and their fusibility is increased by mixture with 
each ether : those which contain readily fusiblo oxides melt at the lowest temperatures, 
and in general tho most easily fusible silicates are those which contain the largest 
proportion of base. 

All silicates are insoluble in water, excepting the silicates of the alkali-metals, which 
dissolve with greater facility in proportion as they contain a larger quantity of base. 

Some silicates are entirely decomposed when pulverised and treated with hydro- 
chloric or nitric acid, tho bases being dissolved and the silica being sometimes 
separated in a pulverulent or gelatinous form, sometimes dissolved either wholly or in 
part, the solution then yielding a jelly on evaporation. Sulphuric acid diluted with 
a small quantity of water, likewise decomposes the greater number of silicates when 
reduced to powder. Some silicates, on the contrary, resist the action of all acids 
except the hydrofluoric. In general silicates are more easily decomposed by acids ; 
the stronger tho bases contained in them, tho less the silica predominates, and tho 
larger the proportion of water present; on this account many silicates containing 
wafer — zeolites for example— lose their solubility in hydrochloric acid after ignition. 
All silicates without exception become soluble in dilute hydrochloric or nitric acid : 
after fusion with from 3 to 5 times their weight of hydrate or carbonate of potassium 
or sodium, or with carbonate of barium, strontium, or calcium, or with oxide of lead; 
they become completely disintegrated, and the solution yields on evaporation, first a jelly 
and then a dry residue, of which the part which is insoluble in hot hydrochloric acid 
exhibits tho characters of silica. Andalusite, cyanite, staurolite, and zircon, require a 
full white heat to disintegrate them perfectly with an alkaline carbonate, and aro 
more readily acted on by hydrate of potassium. From the native silicates, whether 
simple or double, which contain potash, soda, or lithia, tho alkali may be separated 
by igniting them with lime, and treating the ignited mass with' water. With many, 
however, as in the case of nepheline, leucite, natrolite, analcime, and chabasite, it is 
sufficient .even to ignite them by themselves, and afterwards boil them in a finely 
divided state, with milk of lime, or to digest them with it for a longer time in the 
cold. Clays treated in this manner likewise give up to water the small proportion of 
potash or soda which they contain ; and if they happen to be rich in carbonate of 
calcium, they merely require to be digested in water after ignition. Volcanic rocks, 
such as phonolitic lava, give up tho potash or soda they contain by digestion with 
milk of lime, even without previous ignition. 

Silicates heated with fluor-spar and oil of vitriol in a platinum vessel, evolye 
gaseous fluoride of silicon, which, when the vessel is covered with moistened felt, 
deposits upon it white flakes of hydrate of silica.— The same gas is evolved, with 
effervescence, when a silicate in the state of powder is immersed in a strong solution 
of hydrofluoric acid. Microcosmic salt in tho blowpipe-flame withdraws the base from 
the silicates, and sets the silicic acid free. The product is a translucent, blistered 
mass. When a small quantity only of the microcosmic salt is used, the mass diffuses 
itself through tho silicious crust; when the quantity of flux is larger, the silica floats 
in tho fused bead. When only a small quantity of silica is present, the glass is clear 
while fused, but becomes turbid on cooling ; with still less silica however it remains 
transparent (Berzelius). — Silicates heated with carbonate of sodium before the 
blowpipe, expel the carbonic acid with effervescence. The silicates of the alkali-metals 
and of most of the heavy metals yield a transparent glass ; those of the earth -metals 
yield sometimes a clear and sometimes a turbid glass, according to the proportions of 
silica and of base. If the silica contains at least twice as much oxygen as the earthy 
base, the latter is dissolved in the glass by the agency of the silica, and the glass 
remains clear. If the compound contains less silica, it yields a clear glass with a 
comparatively small proportion of sodic carbonate ; but with a larger proportion, it 
forms a turbid glass, and with a still larger quantity an infusible slag; for the greater 
the amount of sodn, the greater also iB tho quantity of the earthy base which is separated 
by its action. (Berzelius.) 
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Quantitative Analysis <f Silicates. Estimation of Silica. 

For the analysis of silicates which are completely decomposed by acids, it is sufficient 
to boil the finely pulverised mineral with strong hydrochloric acid as long as any- 
thing continues to dissolve, then evaporate to dryness, and boil the residue with 
water containing hydrochloric acid : this will dissolve everything excepting the 
silica, which may then be washed, dried, ignited, and weighed. The liquid filtered 
from the silica contains the bases of the mineral, which may be separated by the usual 
methods. 

To ensure the complete separation of the silica, it must be perfectly dried before 
boiling it with the acidulated water. Now to ensure this complete dryness, it is 
necessary to heat the silica somewhat above the temperature of the water-bath, the 
desiccation being completed over a sand-bath or a lamp. In doing this it sometimes 
happens that too much heat is applied, and in that case a portion of the bases, especially 
alumina and ferric oxide, may also be rendered insoluble in the dilute acid. To 
obviate this source of error, the dried residue must be moistened all over with strong 
hydrochloric acid, then left- to stand for half an hour, and afterwards boiled with water. 
Everything will then dissolve excepting the silica. 

Silicates which, like felspar, resist the action of hydrochloric acid, are decomposed 
by fusion with an alkaline carbonate. The mineral, very finely powdered, is mixed in 
a platinum crucible with three or four times its weight of dry carbonate of sodium; 
or better with a mixture of the carbonates of {totussium and sodium in equivalent 
proportions, which fuses moro readily; the platinum crucible is heated to bright 
redness for about twenty minutes in a gas furnace (ii. 784, 789), or placed within ail 
earthen crucible half filled with carbonate of magnesium, and heated in an ordinary 
coke furnace; the fused mass, when cold, is removed from the crucible by digestion in 
dilute hydrochloric acid with the aid of heat; the whole is evaporated to dryness ; 
the silica separated; and the bases are determined as above. 

Some native silicates, as zircon, eyanitc, cymophano, &c., are decomposed with difficulty 
by fusion with alkaline carbonates, requiring a very strong heat continued for a long 
time. In these cases the decomposition may be facilitated by the addition of a 
fragment of potussic or sodic hydrate, which however, to avoid injuring the crucible, 
must be introduced into a cavity mado in the middlo of the mixture of silicate and 
carbonate, after it has been heated for a short time, not sufficiently to melt it, and 
solidly pressed down into the crucible. 

By these processes, not only the silica, but all the bases of u silicate may bo deter- 
mined, excepting the alkalis. To determine these, the mineral, reduced to an almost 
impalpable powder, is very intimately mixed with five times its weight of pure 
carbonate of calcium, and the mixture exposed in a platinum crucible, protected as 
above, to tho strongest heat of an air-furnaeo or a blast gas- furnace (ii. 78fi) for about 
half an hour. The mass, which is not fused, but sintered together, is then digested 
in diluto hydrochloric acid ; the silica separated as before ; the greater part of tile 
lime and likewise the bases of the silicato precipitated by carbonate of ammonium and 
free ammonia; the filtrate evaporated to dryness, and the ammoniuenl salts expelled by 
ignition; the residue redissolved in water ; tho remainder of the lime precipitated 
by oxalate of ammonium; and tho ammoniacal salts again expelled by evaporation 
and ignition. The residue then contains nothing but the chlorides of the alkali-metals 
and magnesium, if that substance was contained in the mineral. Carbonate, of barium 
may also bo used instead of carbonate of calcium, and tho excess of barium removed 
by sulphuric acid. 

Another method of obtaining the alkalis in a silicate, is to decompose it with 
hi/dr jluoric acid aided by a gentle heat. The acid must bo added l»y small portions 
to the finely pulverised mineral contained in a platinum dish, till the action ceases 
and the whole is reduced to a pasty mass. This mass is then heated with strong 
sulphuric acid, which expels fluoride of silicon and hydrofluoric acid; the residue is 
heated to low redness to expel the excess of sulphuric acid ; the dry mass, when cold, 
is moistened with strong hydrochloric acid, and, after standing for about half an hour, 
digested with water. The whole then dissolves, provided the decomposition by tho 
hydrofluoric acid has beeu complete. The solution contains the alkalis and the other 
bases in the state of sulphates. 

Fluoride of ammonium may also be used instead of hydroflnoric acid: it acts more 
energetically, and decomposes certain silicates which offer considerable resistance to 
the action of hydrofluoric acid. Tho finely pulverised mineral is mixed in a platinum 
dish with seven times its weight of tho ammonium-fluoride, and made up into a paf-to 
with a small quantity of water. The mixture is gently heated for some time in order 
to dry it completely, then to dull redness till it no longer gives off any vapour. Tim 
dry mass is treated with sulphuric acid, the excess of that acid expelled by evaporation, 
and the residue digested with water. The whole then dissolves if the decomposition 
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has been complete ; in the contrary case a residue is left, which must be again treated 

with fluoride of ammonium* Nearly all silicates yield to this treatment; zircon, 

however, is not completely decomposed by it, and must be treated with carbonate and 
hydrate of sodium as above described \ (H. Bose, TraitS de Ckimie analogue, ii. 867.) 

/Estimation of Water and atAer volatile substances in Silicates . — The water in most 
hydrated silicates is easily estimated by heating the pulverised mineral to redness in a 
platinum crucible, the whole of the water being then driven off without any further 
alteration of the silicate. Some silicates, however, euclase and idocrase for example, 
retain their water withgreat force , parting with it only at very high temperatures. In 
such cases it is best to expose the mineral to an intense heat in a current of pure and 
dry air. Idocrase gives up its water only when heated nearly to its melting-point, and 
at the same time evolves a small quantity of carbonic jicid, sufficient to produce aconsi- 
dcmblcfeloud in baryta -water, but not large enough for quantitative estimation. Some 
silicates contain small quantities of organic matter as well as water, and when strongly 
heated in a current of hydrogen, give off water containing empyreumatic products arid 
ammonia : this is especially the case with pitchstone. The quantity of carbon may be 
determined by ignition with oxide of copper, as in organic analysis, and the amount of 
hydrogen at the same time, if the mineral does not also contain water ready formed; 
but if water is also present, and is given off only at the same temperature as the 
organic matter, the determination becomes very difficult. The emerald contains water 
ami likewise a small quantity of organic matter, to which its colour is due. 

In some silicates thero are other constituents to he estimated besides water, silica, 
and metallic bases. Thus datholite and botryolite contain boric acid ; tourmaline 
contains boric acid and fluorine ; sodalito and ittnerite contain chlorine ; cancrinite 
contains carbonic acid ; liaiiyne and ultramarine contain chlorine and sulphur; many 
silicates contain fluorine and phosphoric acid; titanic acid also is of frequent occur- 
rence in silicates. 

1. Boric acid. — The methods of analysing borosilicates have been already given under 
Boron (i. 631). 

2. Chlorine . — Most silicates containing chlorine are easily decomposed by acids. To 
analyse them they are treated with cold nitric arid of specific gravity 1*2, which either 
dissolves thorn completely or separates a portion of the silica in the gelatinous form ; 
in the latter case more water must be added, and the liquid left at rest till the separated 
silica has settled down. The clear solution is t.hon treated with nitrate of silver, the 
precipitated chloride of silver is left to settle down in a cool place, then collected on a 
filter, and treated in the usual way (i. 004). The excoss of silver is precipitated 
by hydrochloric acid, the filtrate evaporated to dryness to separate tho silica, and the 
analysis completed in the same way as for other silicates. Pyrosmalite, which contains 
chlorine, is not easily decomposed by acids : its decomposition may however bo effected 
by digesting it for several days with dilute nitric acid, at a moderate heat, the flask 
being corked to prevent escape of chlorine ; or, better perhaps, by fusion with an 
alkali no carbonate. (H. Rose.) 

3. Fluorine . — A groat number of silicates contain fluorine, though often only in 
small quantity. Such silicates which, for tho most part, are not decomposed, or only 
incompletely decomposed by acids, are aualystxl by fusing them with four times their 
weight of alkaline carbonate, and boiling the fused irniss with water. The whole of 
the fluorine then dissolves in the form of alkaline fluoride, together with a certain 
portion of the silica and alumina in tho mineral. The insoluble matter is collected on 
u Alter and washed, first with pure water, then with water containing carbonate of 
ammonium. To separate the silica dissolved in the alkaline filtrate, the liquid is mixed 
with au alkaline solution of zinc-carbonate, which is added as long as a precipitate 
continues to form ; then evaporated to dryness, and tho dried mass treated with water, 
which leaves tho whole of the silica undissolved, together with oxide of zinc. The 
insoluble residue is then to be treated with nitric acid, the silica separated by evapo- 
ration to dryness, &c., and weighed. The liquid filtered from the silicate of zinc 
contains the whole of the fluorine, as fluoride of sodium. The fiuoripe is precipitated 
from it by chloride of calcium, and estimated as fluoride of calcium (ii. G74). — The 
insoluble residue left on treating the original fused mass with water, contains the 
greater part of tho silica, together with the bases. It is treated with hydrochloric 
acid, the silica separated, and the bases determined in the usual way, the silica thus 
obtained being of course added to the quantity precipitated by the zinc-solution. (H. 
Rose, Trait I dc Chimie arndt/Hquc, ii. 890.) 

4. Phosphoric and.-fW lien silicates containing phosphates are decomposed either 
by acids, or fusion with alkaline carbonates and subsequent treatment with hydro- 
chloric acid, the whole of tho phosphoric acid is found in the acid liquor, and may be 
separated from the bases and estimated by the methods already given (iv. 546), 

When phosphoric acid and fluorine occur together in a silicate which is easily 
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deeomposiblo by aeidz, and contains no bases except the alkalis, the mineral is decom- 
posed by nitric acid, the liquid is saturated with ammonia, without previous separation 
of the silica, an am m on meal solution of zinc-carbon Ate is added, and the whole is 
evaporated to dryness over the water-bath. The dried mass is then treated with water, 
which dissolves the alkaline fluoride and nitrate, leaving a residue of phosphate and 
silicate of zinc, together with excess of zinc-oxide . The fluorine, silica, and phosphoric 
acid are then determined as above described. 

If, on tho other hand, the silicate contains alkaline earths, and especially lime, 
then, whether it is decomposible by acids or not, it must first be fused with four times 
its weight of a mixture of potassic and sodic carbonates.^ The fused mass is treated 
with water, and after complete disintegration, the liquor is filtered. The filtrate con- 
tains the whole of the fluorine and part of the phosphoric acid and silica in tho form 
ofalkaline salts, while the residue is composed of alkaline silicate, togetherwith calcic 
silicate and phosphate, calcic phosphate never being completely decomposed by fusion 
with alkaline carbonate. The filtrate is treated with an ammoniacal solution of zinc- 
carbonate, and evaporated to dryness, and the residue is treated with water, which 
dissolves all tho alkaline fluoride, leaving the silica and phosphoric acid as zinc-salts. 
Tho remainder of the analysis is tho same as above. 

6. Sulphur and Sulphuric acid. — Silicates containing sulphates are decomposed by 
hydrochloric acid, or by fusion with alkaline carbonate; and from the acid solution 
obtained, in the former case directly, in the lat? r by treating the fused mass with 
hydrochloric acid, tho sulphuric add is precipitated by chloride of barium. 

When sulphur is present in il silicate jn combination with a metal, it may bo 
oxidised to sulphuric acid by the action of fuming nitric acid, or of hydrochloric acid and 
chlorate of potassium, or by fusion with a mixture of alkaline carbonate and nitrate. 
When tho sulphur is present, partly as sulphate, partly as sulphide, tho quantity 
existing in the latter form may sometimes be determined by heating the pulverised mine- 
ral with hydrochloric acid, passing the sulpliydric acid thereby evolved into a solution 
of copper, collecting the precipitated sulphide of copper, and treating it as described 
under Cofpkr (ii. hi). The liquid remaining in the flask is then filtered to separate 
the silica, and the sulphur originally existing in tho minoral as sulphuric acid is deter- 
mined by precipitation with a barium-salt. 

6. Tti (italic and Riofde acids . — In silicates containing these acids (which, however, 
are of very rare occurrence), the quantity of silicon may bo estimated by. treating the 
compound with hydrofluoric acid, then adding sulphuric acid, and heating tilt tho 
whole excess of the latter is expelled. The quantity of silica may then be estimated 
by loss. This method however is not very exact, becauso small quantities of tantalum 
and niobium are liable to be also driven off us fluorides. A better method is to fuse 
the mineral in a silver crucible with three times its weight of sodium-hydrate, and 
treat tho fused mass with water, which dissolves nil tho silicon as sodic Bilicate, 
leaving tantaluto or niobateof sodium undissolvcd. (H. Kose.) 

7. Titanic acid. — The best method of treating ailico-titanat.es is to heat them with 
fluoride, of ammonium, and afterwards with sulphuric acid, in tho manner already 
described (p. 24o). The whole of the silicon is then expelled as gaseous fluoride, and a 
residue is obtained completely soluble in water, containing tho bases as sulphates, 
together with the titanic acid, which must be separated and estimated by processes to 
be described hereafter (JI. Rose). See Titanium. 

Silicates contain ing only Monatomic and Diatomic Metals ; Silicates of Protoxides. 

Silicate® of tlie Alkali-metals. — Silicate of Ammonium is not known in the 
solid state. Aqueous ammonia dissolves a large quantity of freshly precipitated silica. 
Carbonate of ammonia dissolves it but sparingly. 

The silicates of potassium and sodium resemble each other so closely that it 
will be convenient to describe them together. They contain various proportions of 
acid and base, and are all more or less soluble in water, those which contain t he largest 
proportions of alkali dissolving the most easily. 

The alkaline silicates are prepart»d either"by fusing silica with the hydrates, carbo- 
nates, nitrates, or other salts of the alkali-metals containing volatile acids, or by 
boiling flint, sand, &c., with strong solutions of the caustic alkalis under pressure. 
When 1 part of silica is fused with 2\ pis. carbonate of potassium, or with ljf pt. 
anhydrous carbonate of sodium, a transparent glass is produced consisting of an alka- 
line monosilicate, K 2 O.SiO% or Na 7 0,SiO* These salts deliquesce in tho air And 
dissolve readily in water, forming an alkaline solution called liquor silicum. When a 
ftmng solution of this monosilicate is treated with hydrochloric or nitric acid, the 
greater part of the silica is precipitated in gelatinous flocks, a certain quantity however 
always remaining dissolved: but if the solution of the silicate be largely dilutod, and 
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A quantity of hydrochloric acid added sufficient to give it a strong acid reaction. Ho 
precipitate is formed, but the whole of the silica remains dissolved. 

Alkaline silicates containing a larger proportion of silica, but still with a sufficient 
quantity of alkali to make them completely soluble in water, are denominated “ water- 
glass.” These salts are prepared on the manufacturing scale, and applied to several 
purposes in the arts. 

Fuchs of Munich, who first proposed them for economical use, adopts the following 

processes „ 

1. To prepare potash wa tor-glass, a mixture of 16 pts. pulverised quartz or 
sand, 10 pts. of well purified pearksh, and 1 pt. of powdered charcoal, is ignited for 
five or six hours at a temperature equal to that required to meltcommon glass. The pro- 
portions of silica and alkali used are about sufficient to form a tetrasilicate, K 2 0.4Si0* 
allowing for impurities in the pearlash. The use of the charcoal is to facilitate tho 
decomposition of the alkaline carbonate, and decompose any sulphuric acid that may 
be present. The fused mass is thon left to cool, pulverised, and boiled with 6 times 
its weight of water in an iron pot for three or four hours, the water being renewed as 
it evaporates. After the whole is dissolved, the boiling is continued, so as to concen- 
trate the solution to a specific gravity of 1*24 to T2G. In this state it is sufficiently 
liquid to bo used in many operations, but in some cases it requires to be diluted and 
in others to be evaporated to a syrupy consistence. If it contains any sulphide of 
potassium (arising from decomposition of the sulphate by the charcoal), a small quan- 
tity of oxide of copper or litharge must be added to convert it into hydrate, a certain 
excess of which renders the water-glass better adapted for many purposes. If, however, 
a perfectly saturated silicate is required, tho saturation may be ensured by boiling the 
liquid with recently precipitated silica. The solution, purified as just described, is 
left to cool and clarify, the vessel being well closed to prevent access of air. The 
clear liquid is then decanted from the deposit (which makes a good manure), and 
stored in carboys ; or it may be evaporated to a jelly and packed in tinned iron - 
vessels. 

Wator-glass may be obtained in the solid state by mixing the concentrated solution 
with about one-fourth of its volume of rectified spirit; a gelatinous precipitate is 
thereby formed, which contracts strongly in a few days, and is deposited in a solid 
mass; and if the supernatant liquid (containing alkaline carbonates, chlorides, and 
sulphides) bo decanted, and the deposit slightly washed and squeezed, the water-glass 
is obtained in the solid state, and consisting, according to Fuchs, of potassic tetrasili- 
cute, K 2 0.4Si0‘ 2 , perfectly soluble in water. According to Forch hammer, however, 
the alcohol, even in the act of precipitation, and still more during the subsequent 
washing, withdraws a portion of the alkali, until the residue consists of octosilicate, 
K 2 0.8Si0 2 , which is not completely soluble in water. According to Fr 6m y (.Tuhresb. 
1856, p, 353), the salt precipitated from a solution of potassic silicate by alcohol, has 
the composition 2K*0.9Si0* aq. ; and the sodic silicate obtained in like manner is 
2Nn v O.9SiO ,J .20aq. ; according to Lefort {ibid. 1861, p. 205), both the salts thus pre- 
cipitated have the composition 2M*0.9fti0 2 .aq. 

2. Soda water-glass is prepared in a similar manner, the proportions being 
451bs. of quartz, 23lbs. anhydrous carbonate of sodium, and 3lbs. of charcoal: this 
gives a product having nearly the composition 2Na v 0.5Si0 2 : it fuses more readily 
than tho potash-glass. According to Buchner, soda water-glass maybe prepared more 
economically by means jof sodic sulphate, in tho proportion of 100 pts. quartz, 60 pts. 
anhydrous sodic sulphate, and 15 to 20 pts. charcoal-aust. 

By dissolving tlu* product obtained by either of these processes in boiling water, and 
saturating it with recently precipitated silica, it may be converted into the tetrasilicate 
Na*0.4Si0* Rectified spirit does not precipitate this compound so completely as the 
potash-glass, but merely converts it into u gelatinous mass: in solutions not com- 
pletely saturated with silica, or slightly diluted, it forms a precipitate. 

3. Double wat or -glass. — Potash and soda water-glass are miscible in all propor- 
tions. Normal double water-glass, containing equivalent quantities of potash and 
soda, may be obtained by fusing together 100 pts. of quartz and’ 121 pts. of sodio- 
potassic tartrate (Rochelle salt) ; or more cheaply by fusing a mixture of potassic 
and sodic nitrates in equivalent proportions with the corresponding quantity of quartz, 
or 100 pts. quartz. 28 pearlash, 22 anhydrous carbonate of sodium, and 6 powdered 
charcoal. This mixture fuses more readily than any of the preceding. A solution of 
double water-glass suitable for ail practical applications, may likewise be prepared by 
mixing 3 measures of concentrated potash water-glass with 2 measures of concentrated 
soda water-glass. 

Soluble silicates may also be obtained by boiling silica with solutions of caustic 
alkalis under pressure. The following process, patented in 1844 by Mr. Kunsome of 
Ipswich, is essenliully the same as that adopted by Kuhlm^nn of Lille ; 100 lbs. of 
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crystallised aodic carbonate, or 50 lbs. of pearlash, are dissolved in about 60 gallons of 
water, and the solution, after being rendered caustic by means of lime, is induced to 
the bulk of 20 or 26 gallons by heat. This caustic ley is then introduced together 
with 100 lbs. of finely broken flints or other convenient silicious substance, into an 
iron boiler or digester, and the mixture is heated with frequent agitation for ten or 
twelve hours up to a pressure of about 60 lbs. to the square inch. When the mixture 
is sufficiently incorporated, it may be passed through a sieve to separate any undis- 
solved matter. 

The soluble silicates prepared by different manufacturers differ considerably in com- 
position, seldom exhibiting that of a tetrasilicate. Of the following samples— a is 
soda water-glass from the manufactory of Seibel at Liesing ; 6, soda water-glass from 
Munich ; c, potash water-glass from Kuhlmunn’s factory at Lille : — 


Water 
Silica . 
Soda . 
Potash 


a . b. c. 

66829 38-66 0689 

22-258 44-64 03000 

11-178 16-26 

34-400 


a has, approximately, the composition of a disilicato ; b that of a 2-silicate ; c that of 
a tri silicate. 

Solid or fused water-glass, when pure, has the appearance of ordinary gltiss, and 
dissolves slowly, but completely, in boiling water ; it becomes insoluble only when the 
proportion of silica is considerably increased. A concentrated solution, containing 
28 per cent, of the alkaline silicate, is syrupy, somewhat turbid, and has a density of 
about 1*25. After evaporation at a high temperature, it becomes very tenacious, -and 
may be drawn out into threads like melted glass. The solution is decomposed by 
adds, even by carbonic acid t the silica being separated in the gelatinous form. On 
exposure to the air, it becomes covered with a tough skin, which disappears when 
thrust beneath the liquid. During evaporating to dryness, it must bo kept constantly 
boiling, to prevent access of carbonic acid. Alkaline carbonates and chlorides, especially 
sal-ammoniac, precipitate silica from the solution. Baryta, strontia, lime , alumina, and 
oxide of had decompose it, re?noving the whole of the silica and a portion of the alkali 
in the form of a double silicate. Nearly all the soluble salts of the earth-metals and 
heavy metals likewise produce precipitates consisting of double silicates. Phosphate of 
aluminium, and carbonate, phosphate, and sulphate of lead triturated witli a solution of 
water-glass, yield a tenacious mass, which acquires a stony hardness on exposure to 
the air. Phosphate of calcium « not decomposed by it. 

Uses of Alkaline Silicates. — 1. As cements, and for hardening and preserving stone . — 
The soluble silicates may bo applied in various ways for imparting solidity to loos© 
structures. This effect is duo sometimes to a chemical action between the soluble 
silicato and the porous material, resulting in tho formation of an insoluble silicate or 
double silicate — sometimes to the gradual decomposition of tho alkaline silicate, result- 
ing in great measure from the action of atmospheric carbonic acid, and the consequent 
deposition, between the particles of the porous material, of a muss of solid silica which 
binds them firmly together. Ransomo, in 1845, patented a process for the application 
of a soluble silicate for combining small coal into blocks, and fur preserving wood from 
fire and decay. 

The action of soluble silicates on calcium-compounds is of particular importance. 
Water-glass sets rapidly when mixed with slaked lime, and slowly dries up to a hard 
mass, consisting of a double silicate of calcium and the alkali-metal, on which water 
lifts no action. A piece of chalk immersed in a solution of alkaline silicate, absorbs it, 
and on drying becomes nearly as hard as marble. Pulverised chalk or marble is 
also converted by water-glass into a hard compact mass ; magnesian limestone is 
rendered still harder. This effect is due either to a combination of the alkaline sili- 
cate with the calcic carbonate, resulting in the formation of a compound similar to can- 
crinite (i. 734), or to a double decomposition resulting in tho formation of calcic silicate, 
which then unites with the undecomposed portion of the carbonate; perhaps both these 
actions take place together. The silificat iou of limestones is greatly facilitated by 
heating them with the silicious solution under pressure. Sulphate of calcium is. acted 
upon by soluble silicates in the same manner as carbonate, but the resulting mass is 
less compact, in consequence, chiefly, of the greater rapidity of the action; a more 
dilute solution must therefore be uged, so as to render the action slower. 

These reactions of the soluble silicates have been successfully applied by Ransom©, 
Kuhlmann, and others, to the production of artificial stone for building and orna- 
mental purposes, and to tho preservation of the stone of buildings actually constructed. 
To prepare artificial stone, a concentrated solution of water-glass is fnixed with sand, 
broken flints, pieces of marble, &c. f sometimes with addition of cream of lime; the 
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whole being subjected to pressure in moulds, and afterwards dried in an oven. By this 
me ans stone of groat hardness is obtained, and in some cases is capable of receiving a 
fine polish. 

For hardening building stones, and protecting them from the action of acid vapours, 
Kuhlmann employs a solution of silicate of potassium. Silicate of sodium produces 
the same effect, but is said to give rise, after a while, to unsightly efflorescences. The 
solution is applied with a brush, or sprinkled on the walls of the building by means of 
large syringes with rose nozzles. The alkaline silicate being gradually decomposed 
by the action of the carbonic acid in the air, a coating of silica is deposited on the 
stone, which protects it from further atmospheric action. This process is Baid to have 
been successfully applied at the Louvre ana the cathedral of Notre Dame in Paris, and 
to several buildings in other towns of France. In the moist climate of England, 
however, the application of alkaline silicates in this manner is attended with very 
uncertain results, the liquid coating being liable to be removed from the surface 
by rain, or even by the ordinary humidity of the air, before it has time to absorb suf- 
ficient carbonic acid to precipitate tho silica in an insoluble form. This inconvenience 
may bo obviated, and a much more compact silicions coating obtained, by washing the 
surface of the building first with a solution of alkaline silicate, and then with a solution 
of chloride of calcium, whereby an insoluble silicate of calcium is formed, possessing 
strongly cohesive properties and perfectly indestructible by atmospheric influences. 
This process was patented by Mr. Ransom© in 1856, and is said to have been applied 
with good effect to many public buildings. 

2. Another very important application of the alkaline silicates is to tho art of Mural 
Painting. In ordinary fresco-painting, as is well known, tho picture must bo 
executed as soon as the coat of stucco is laid upon the walls, and finished before the 
stucco is dry; moreover, it cannot bo afterwards retouched. Now by working on a 
surface of plaster prepared with a solution of water-glass, it is found that this incon- 
venience is completely obviated — that the painter can work at his leisure, and retouch 
tho work as often as is found desirable. The first experiments on this subject were made 
by Fuchs, who designates this kind of mural painting by the name stereochromy. 

Two methods of silicious painting have been proposed: one by Fuchs, in which 
the colours, ground up with water, are laid upon a prepared surface and afterwards 
fixed with a silicious solution ; tho other by Kuhlmann, in which the colours aro 
ground up with the alkaline silicate. In Fuchs’ method the wall is first coated with 
a layer of ordinary lime-mortar containing a rather large proportion of sand of medium 
fineness ; and on this, when dry, is laid a second coating of lime-mortar prepared with 
rain or distilled water, and well-washed sand of greater fineness than that used for the 
first coating. This when dry is impregnated witli a solution of double water-glass 
clarified witli liquor silicum (p. 247), and diluted with an equal bulk of water. This 
solution is applied twice, allowing time for tho first washing to dry. 

In his latest essay on tho subject, however, Fuchs recommends the preparation of 
the uppor layer with water-glass cement — that is to sav, water-glass intimately mixed 
with pounded marble or dolomite, or quartz-sand mixed with a little dry slaked lime — 
the water-glass being used in such quantity as to give the mass the consistence 
of ordinary mortar, Tho surface having been prepared, the painting is executed upon 
it with mineral colours ground up with pure water; and when it is finished, the 
colours are fixed by washing or sprinkling the surface with “ fixing water-glass,’* 
consisting of a mixture of 4 or 5 measures of concentrated water-glass saturated with 
silica, and 1 measure of concentrated liquor silicum (monosilicate of sodium), the 
mixed liquid being diluted with half its bulk.of water. Paintings thus executed are 
found to possess great durability and power of resisting destructive influences. 
Plates of earthenware, tiles, and lithographic stone impregnated with water-glass may 
also be used as grounds for silicious painting. 

In Kuhlmann ’ b method, the colours are ground up with the silicious solution, 
and consequently do not require so much preparation of the painting ground, or so 
much care in fixing. In painting upon stone, stucco, glass, &c., the colours, ground 
with water and kept in a pasty state, are immediately mixed with a silicious 
solution of 15° to 20° Bm., and applied exactly as in oil or distemper painting, 
except when tho stone is very porous, in which case it is best to silicify the stone 
before applying the colours, to prevent too rapid desiccation. For glass and earthen- 
ware the silicious solution must be more concentrated. The silicious colours may 
also be used for painting on wood, provided it is not impregnated with resin.* 

3. The alkaline silicates aro also used to mix with soap, forming “ silicated soaps,” 

* For a more detailed account of the preceding application* of soluble silicates, see a paper by 
?‘* ch *J n Aiuftscr** Archives of Natural Philosophy, ▼. 385-419 ; Journal of the Society qf Arts, yII. 
Ml — S39 ; also a pamphlet bjKuhlmann, entitled Siiicatisation, on applications dts Silicates soluble* 
ow dmretssement des pierres poremes, Tafia 1*08 ; also Richardson and Watt's Chemical Technology, 

Fart l». f pp. 69— 104 ; v, pp. 348, 582. 
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wliich possess powerful detergent properties, and are extensively manufactured for 
the cleansing of woollens, &c. (See Soap.) 

4. A solution of silicato of sodium, as nearly neutral as possible, and haring a 
specific gravity of 1*53, is now very generally used as a substitute for cowdung in 
preparing mordanted calico for dyeing. 

The silicates of potassium and sodium unite with the silicates of calcium, lead, and 
other metals, forming the several varieties of glass. These double silicates are more 
fusible than either of their component simple silicates, and require a smaller quantity of 
silica to render them capable of resisting the action of water and acids. The ordinary 
varieties of glass contain 2, 3, or sometimes 4 atoms of silica in proportion to 1 atom 
of bass ; common bottle-glass, prepared with impure materials, also contains alumina 
and oxide of iron. Bohemian glass-tubing consists of potassio-calcic trisilicate, 

jvV^SK)*) 1 Wind0W ‘ 6la , S 2fK«O B ^S-0n alCiC disiliCate ’ jc^O.‘S ;flint -8 Iassof 

potassio-plumbic disilicate, | 2SiO*)’ ^ cc * (® ee ^ IJLSS > 840.) 

The alkaline silicates do not occur alone as natural minerals ; neither do they enter 
frequently into the composition of silicates containing only protoxides without 
alumina or ferric oxide: in fact, there aro only two such minerals into which the 
alkali-metals can be said to enter in definite proportions --viz., apophyllite, which 
is a potassio-calcic silicate, and pectolite, which is a sod io -calcic silicate (iv. j3G2). 
iSonio varieties of angite and hornblondo contain indeod small quantities of a kaJi, 
but its presence appears to be due to alteration, resulting from the action of alkaline 
waters. On the other hand, double silicates containing sesquioxidcs (alumina and 
ferric oxide) and alkalis are of frequent occurrence, and constitute important mineral 
species, the felspars and micas for example. 

Silicates of Barium. Ono part of silica heated to whiteness forms, with 3 
parts of baryta, a pale-green solid hirsh, soluble in acids (Vauquclin). Lefort 
(Jnliresb. 1861, p. 200), by precipitating a dilute noutral solution of a barium- 
Ftilt with a dilute solution of the salt ‘2Na*0.9Si0* (p. 243), obtained a trisilicate of 
barium, Ba"0.3SiO*.3H'-0 ; v. Ammon {ibid, 1802, p. 140), by precipitation with sodic 
inonosiliciito, obtained tlio salt Ba'O.SiO.* 

Silicate* of Calcium. The compounds 2Ca"O.SiO*, 2Ca"0.3SiO*, Ca"0.2Si0*, 
and (_'if O.SJSiO 2 , are produced by exposing mixtures of quartz and marble, in the 
proper proportions, to the full heat of a smith's forge: the first does not fuse, but 
merely bakes together; the other three are more fusible. A silicate of calcium is pre- 
cipitated on mixing a solution of any calcium-salt with silicate of potassium or 
sodium (p. 249). Lefort obtained by precipitation, as above, the salt 2Cu"0.9Si0*. 311*0; 
v. Amnion obtained tho inonosilicatc Ca"O.SiO*. 

Silicate of calcium forms the essential constituent of hydraulic mortars which 
harden under water. This kind of mortar is produced by mixing pure lime slaked 
to a. paste with water and silica or siiicious materials in such a state that the silica 
can unite with the lime in the wet way. A mixture of lime with pounded quartz or 
fine sand does not harden under water. Such a mixture, in fact, constitutes ordinary 
mortar, which hardens only on exposure to the air, partly by drying, partly from 
absorption of carbonic acid. But if pounded opal or precipitated silica be substituted 
for tho quartz, combination takes place, and the mixture hardens under water. More 
complete hardening is, however, obtained by mixing lime with certain siiicious 
minerals, called natural cements — viz., the pozzolana of Naples and other volcanic 
districts (iv. 724), the tufa-stono (callpd trass in tho pulverised state) found abun- 
dantly in valleys in the North of Ireland, among the schistose formations on tlie 
banks of tho Rhine, and at Munhoim in Bavaria. — also pumice, basalt-t uff, and slate-clay. 
All these substances consist mainly of hydrated silicate s of aluminium with a large 
proportion of silica and smaller quantities of lime, magnesia, oxide of iron, and 
alkalis. Tufa-stone contains 57*0 perepnt. silica, 16*0 clay, 2*6 limo, 1*0 magnesia, 7*0 
potash, 1*0 soda, 5 oxides of iron and titanium, and 9 6 water. When any of these 
materials are mixed with lime and water, silicato and aluminato of calcium are formed — 
sometimes also silicates of magnesium and iron, which assume a stony hardness. A/ar/, 
wliidi is a mixture of clay with carbonate of calcium, forms a natural hydraulic lime- 
stone. It is best adapted for the purpose when it contains 1 pt. of clay to 3 pffl. of 
calcic carbonate. When such a mixture is ignited, silicate and aluminate of calcium 
arc formed, and the pulverised product hardens readily underwater. If the clay is in 
much smaller proportion than the above, a cement must be added after burning and 
slaking the lime ; if, on the other hand, tho marl contains too much clay, pure slaked 
lime must be added. The siiicious nodules, or septaria, found in the Isle of Sheppey 
and elsewhere on the English coast, which consist of siiicious clay intersected by 
veins of calcspar, also yield when calcined a hydraulic mortar, known as Roman 
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cement. Artificial mixtures of chalk or lime wifh clay or pulverised flint, yield 
similar products when burnt in a kiln, (See Grmelin's Handbook , iii# 390 ; and Ure's 
Dictionary of Arts, &c. iii. 200.) 

Hatural Silicates of Calcium. — a. Monosilicate or Mi tasilicate, Ca"SiO* =- Ca"O.SiO z , 
Wollastonite, or Tabular Spar, occurs in monoclinic crystals (of specific gravity 
« 2*78—2*9, and hardness • 4*5— 5) in the Bannat, at Pargas in Finland, 
Konigsberg in Norway, on the Castle Bock, Edinburgh, in basalt, and in lava at Capo 
di Bove, near Rome. 

fi. Sc squi silicate, 2Ca”0.3Si0 2 .§H 2 0, This is essentially the composition of 
gyrolite or gurolitc (ii, 963). 

Disilicate, Ca"Si 2 0 a .2H 2 0 = Ca"0.2Si0 2 .2H 5 0. Okenite (ir. 191). 

Silico-b'orate of Calcium , Ca"Si 2 0\Ca"B 2 0*, occurs with 1 at. water as datholite 
(ii. 305), and with 2 at. water as botry oli te (i. 651). 

Silico-titanate of Calcium , Ca"Si 8 0 7 .2Ca"Ti0’, occurs as s phene (g. v.) 

Silicate of Cerium, 2Ce"0.Si0 2 . Cerite (i. 831) has this composition, the cerium 
being partly replaced by lanthanum, didymium, calcium, and iron. 

Silicate of Cobalt. The aqueous solution of potassic or sodic disilicate forms a 
beautiful blue precipitate with cobalt-salts (Fuchs). Tho solution of the tctrasilicate 
forms no precipitate. 

Silicates of Copper, a. Monosilicate . — Two cupric minerals are known having 
the composition of cupric monosilicate with different proportions of water — viz., diop- 
tasc, Cu"SiO , .lI a O (already described, ii. 335), and chrysocolla, 0u"SiO 3 .2H 2 O. 
The latter occurs, accompanying other copper ores, in Cornwall, Hungary, and other 
localities, in botryoidal or massive forms, also encrusting and disseminated. Hardness 
2 — 3. Specific gravity — 2 — 2 238. It has a mountain-green or bluish-green 
colour, passing into sky -blue, with vitreous or earthy lustre, and is translucent in 
various degrees, or opaque. Fracture conchoidal. Rather sectile ; translucent varie- 
ties brittle. 

Analyses of Chrysocolla . — a. From Stromsheien in Satersdalen, Norwny (S cheer cr, 
Pogg. Ann. lxv. 289). — b. From Lake Superior (Rarmnelsb erg's Miner alchemic, p. 
351): 

SJO*. CuO. Fe*0 3 . CaO. MgO. H 2 0. 

a. 35*14 43*07 1 09 . . . . 20*36 * 9966 

b. 32*55 42-32 1 63 176 106 20*68 = 100 

The formulu CuO Si0 4 .2H 2 0 requires 34*83 silica, 44*82 cupric oxide, and 20 35 water. 

Plattner’s Kupferblau, from the Herronsegen mine in Baden, containing 45 5 per 
cent, cupric oxide, also belongs to this place. — A more highly hydrated cupric mono- 
silicate, containing Cu"Si0 s .4H 2 O (according to N ordenskiold, 31*45 per. cent. SiO 2 , 
37 31 CuO, 0'40 FcO, and 3118 water), occurs at Nischne-Tagilsk \n Siberia: it gives 
off about three-fourths of its w ater at 100 9 . 

The chrysocollas of Siegen and of Canaveilles near Prades in tho Pyrenees, also the 
blue copper from the Turjinian mines in the Ural, are mixtures of cupric silicate and 
carbonate . — Copper pitchblende, a brown scoriaceous mineral from the same mines, 
is a mixture of chrysocolla and brown haematite ; a similar mineral, from Zomelahuacan 
in Mexico, has the composition of a hydrated cupric disilicate, Cu0.2SiO 2 .4H 2 0, mixed 
with brown haematite. 

0. Sesqumlicatc, 2Cu"0.3SiO\6H 2 0 ? — This appears to be the composition of a 
mineral from Somerville, New Jersey, analysed by Berthier, and from Chili, analysed 
by Kittredge : 

SiO*. CuO. FeO.. CaO. MgO. H*0. 

Now Jersey 35-4 35*1 28*5 ■* 99*0 

Chili 4009 27*97 4*94 1*49 0*78 24*73 - 100 

Tho formula requires 40*89 SiO 2 , 35*08 CuO, and 24*03 wator. 

Among cupric silicates must ulso be enumerated demidoffite, a mineral occurring 
as a thin blue coating on malachite at Nischne-Tagilsk, and containing, according 
to Nordenskiold, 10-22 per cent. P'O 4 , 31*35 SiO 2 , 33*14 CuO, 3*15 MgO, 0 5 A1 2 0% 
and 23*03 water. ( Rammelsberfs Miner alchemie, p. 633.) 

4 Silicate of X>ld jmtum. See Cxkitb (i, 831)* 

Terroiu Silicates. — a. Fe 2 SiO* *= 2Fe"O.SiO*. — This is the composition of 
Payalite or iron-chrysolite (ii. 617); also, approximately, that of some of the re- 
finery-slags obtained in the conversion of cast into malleable iron (iii. 351), and 
in the refining of coarse copper. ( Gmclin's Handbook , v. 278.) 

A* Monosilicate, Fe”SiO* ■ Fo’O.SiO 2 . — Grunerite, an asbestiform mineral 



SILICATES) OF MAQSESIUM. ' 25$ 



* * irv'o ) 

with tho formula ^ SiO*. 

v TeirasUicate ! A solution of ferrous chloride in less than 2,600 pta. of water 
gives a greyish-green precipitate with tetrasilicate of sodium. (W alker.) 

Silicates of&antluuium. See Cbbitr (i. 381). 

Silicates of Leadi Silica melts with lead-oxido to .a yellow glass, feilicsle of 
lead is also precipitated on adding ammonia to silicofluoride of lead. — A boromteat* 
of lead is obtain^ by fusing 112 pts. W-<*ide with 16 pts. mliea and 24 bone 
anhydride, as a yellow glass, which melts less easily than borate of lead, bat more 
easily than flint-glass, and is strongly tarnished by immersion in aulphydne acid gas. 
(Faraday.) 

Silicate of Glucinium* G 2 Si0 4 = 2G"0.Si0*. Fhenacito (iv. 387). 

Silicates of magnesium, a. 8Mg''0.3SiO’.--Chonarodito (i. 930) is repre- 
sented by this formula, the oxygen being, however, partly replaced by fluorine, and tho 
magnesia in most eases partly by ferrous oxide. 

A Mg\Si0 4 = 2Mg”0.Si0 2 . — This is the composition of chrysolite and olivin 
fiv. 201), the magnesium being always more or less replaced by iron.. Fora ter ite, 
front Monte Semina, exhibits the nearest approach to a pure magnesic orthosilicate, 
containing only 2 33 ferrous oxide, hi the other varieties of olivin, the ferrous oxide 
varies from 3 to about 20 per cent.— Mon tic el l ite, a rare mineral occurring on 
Somma in yellow-grey crystals, of specific gravity 3*1 19, contains, according to Bara- 
meUburg (Mimralchviuie, p. 442), 37*»9 per cent, silica, 34*92 lime, 22*04 magnesia, 

and ,0 01 ferrous oxide, agreeing with the formula Ca 2 Si0 4 .|p*5 j SiO 4 . Batrachito, 

a massive mineral, of specific gravity 3*033, from the Itizonibcrg in the Southern Tyrol, 
appears to have Ihe same composition. 


y. 3 Mg' r O. 2S i O 3 . 2aq. ** 3&g*Si0 4 .Mg"$i0*.2aq. — This is tho composition of ser- 
pentine (p. 230), the magnesia being replaced by ferrous oxide to the extent of 0 to 
13 5 per cent. Pun* magnesian serpentine is found at Gullsjo, in Wermeland, Sweden. 
Small quantities of s«da, manganous oxide, and nickel-oxide are also occasionally 
present, and ia many varieties the silica is replaced to a small amount by alumina. — 
Vorhauserite from Monzoni, in the Tyrol, is a serpentine containing 3 at. water. — 
Thcrmophy Hite from Hopoovaara in Finland appears, from Arppe’s analysis, to 
have tho composition 2(3Mg0.2Si0-).3aq . ; but other analyses givo different results. 
(8r e Til KK.MOl'H VI. UT K . ) 


8. 4Mg"0.3SiO* Mg 2 8i0 4 .2Mg"Si0 , .—-This formula with 6 at. water represents 

tlio composition of gy mni to or do woylite (ii. 312). Ilydropbite or Jonkin- 
site(iii. 212) is the same with 4 at. waiter, and g of the ma^posium replaced by iron. 
Thermophyllite, according to North cote (J. pr. Chem. lxxvi. 253), is also a j-silicata 
of magnesium with 2 at. water. 

f. Mg'O.SiO* ■= Mg'.SiO*. — This formula, with the magnesia more or less replaced 
by ferrous oxide, manganous oxide, and lime, and the silica sometimes by alumina, 
represents the composition of the save ml varieties of augito and hornblende (i. 
475; iii. 167). These two mineral species differ in crystalline form: they are both 
monoclinic, but differ in their angles : 


a zb: c. Angle & : e. Angl#* ooP : obP. 

Augite 0-9136 : 1 : 0 5399 74° 1' 92° 54 

Hornblende 1*837 : 1 : 0*5401 75° 10* 55° 30* 


The replacement of silica by alumina takes place more frequently and to a greater 
extent in hornblende than in augite ; many aluminiferous hornblendes also contain 
ferric oxide, being, according to Itammelsberg, mixtures of the isomorphons compound# 
M'USiO 2 , Fe 2 0*.3SiO* and 3M"0.2Al 2 0* (iii. 170). 

The followingare hydrated monosilicates of magnesium : — 

Aphrodite, 4Mg"Si0 , .3H*0, • j Picrosmin, 2Mg"SiO*H 2 0. 

Picrophyll, 3(?-Mg.JFe/'SiO* 2H a O | Mon rad ite; 4(JMg.^Fe)"SiO*.H*0. 

Aphrodite contains, according to Berli n’s analysis, 51*56 per cent. SiO 1 , 0*17 
A1*0* 33 90 MgO, 1-55 MnO, 0*57 MnO, and 11*83 water. The analyses of the other 
three minerals have been given in their alphabetical places. 

C 6MgO,7SiO* — This appears to be the composition of an anhydrous tale found 
in the valley of Chamounix. — Spadaite, a reddish massive mineral, from Capo di 
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Bore, containing 56*00 SiO*, 0-66 A1*0* 30*67 MgO, 0*66 FeO, and 11*34 water, may 
be approximately represented by the same formula with 5 at. water, or by 6Mg-0.6Si0* 
+ 4aq. (Rammelabcrg* s Mineralckemie, p, 520.) 

ij, 4Mg"0.6Si0* « 4Mg*SiO , .Si0 3 . — This, with % at. water, i8 the composition of 
talc, a small portion of the magnesia being replaced by ferrous oxide. 

$. 2Mg"0.3Si0 a = 2 Mg"SiO a .SiO*. — This, with 2 at. and 4 at. water, is the compo- 
sition of meerschaum. The same formula with 12 at. water, and $ of the magnesia 
replaced by ferrous oxide, gives the composition of chlorophreite. 

Silicates of Manranesei 2 Mn"O.SiO* ■= Mn-SiO 4 . — Tephroite, from 
Sparta, Now Jersey, has this composition, with a small portion of the manganese re- 
placed by iron. — Knebelite, from Ilmenau and from Danriemora in Sweden, con- 
sists of (Mn''.Fe") 2 SiO l . — Troostite, from Sterling, New Jersey, is an orthosilicate, 
containing manganese and zinc, with small quantities of iron and magnesium^ 

0. Mn"O.SiO a « Mn'tSiO 3 . — Rhodonite is a manganous augite, containing also 
calcium, iron, and magnesium (p. 107). — Fowlerite and Jeffersonite are similar 
in composition, but also contain zinc. 


Silicates of Mercary. Tot ru silicate of sodium gives a white precipitate with 
mercurous nitrate. It does not precipitate mercuric chloride, but the mixed solution 
yields very small dark crystals on evaporation, or even without evaporation if it is 
concentrated. (Gindin's Handbook , v. 110.) 

Silicates of Molybdenum. Molybdous and molybdic silieofluoride yield with 
ammonia, dark-brown flocks, from which the ammoniacal solution gradually removes 
the oxide of molybdenum, leaving pure silica. (Berzelius.) 

Silicates of lTlckel. See Pimelite (iv. 647). Nickel-gy mni t e is a hydrated 
silicate of nickel and magnesium, containing .3SiO*.6aq. 


Silicates of Potassium and Sodium (pp. 247-251). — Monosilicato of sodium 
may be obtained in well-defined monoclinic prisms containing Na 2 SiO a .8Ii*0, by di- 
gesting ignited silica with an equivalent quantity of crude soda-ley, evaporating out 
of contact with air, till small crystals of sodic carbonate separate, cooling the remain- 
ing syrup to — 22 °, stirring with a glass rod till it solidifies to a crystalline pulp, 
redissolving in water, and leaving the solution to stand. The solution of this salt 
yiolds, with barium and calcium-salts, precipitates containing Bn"SiO* and Ca'SiO* 
respectively, and with magnesium-salts, a precipitate containing 3Mg''Si,0 3 .5H si 0. (v. 

Ammon.) 


Silicate of Strontium. One part ofsilica fuses, with an equal weight of stron- 
tin, partly to an amber-coloured glasB, and partly to a black and white enamel 
(Kir wan). With 3 parts of strontia it forms a solid, grey, sonorous mass, which is 
nearly tasteless, and dissolves but sparingly in water, though readily in aqueous acids 
(V auquelin). Carbonate of strontium, digested in solution ofsilica, is converted into 
dense hydrated silicate of strontium. (Kuhlmann.) 

Silicate ofThorinum, 3^L*Si0 4 .4XI*0. Thorite ( 17 . t>.). 


Silicate of Yttrium. Gadolinito is an orthosilicate of yttrium, cerium, and 
iron (Y";Co";Fe")*SiO\ 

Silicate of Zinc. The orthosilicate, Zn a Si0 4 , occurs anhydrous aswillemite, 

hydrated as silicious calamine or zinc-gl ance, 2fn 2 SiCM.H a O (i. 714). Troosti te 
from Sterling, Now Jersey, is an orthosilicate of zinc, manganese, magnesium, iron, and 
calcium. Fowlerite and jeffersonite are augit ic minerals containing small quan- 
tities of sine. 

Silicates containing Triatomio Metals : Silicates of Sesquioxidcs . 

Silicates of Aluminium, a. 2Al 2 0 8 .Si0*. — This, with 9 at. water, is the com- 
position of collyrite (i. 1084), from Schemnitz in Hungary (Klaproth, lieitrdge t 
h. 267), and from Esquerra in Spain (Berthier, Ann, Ch. Phys. [ 2 ] xxxii. 332): 



Calculation, 


Schitnnitz. 

Etquerra . 

SiO* . 

60 

13*85 

14 

16*0 

2AF0* . 

. . lfil 

46*94 

45 

446 

0H*O . 

. 162 

40*21 

42 

40*5 

2AT*6*.SiO*9aq, 

. 373 

100*00 

101 

100-0 


A mineral called collyrite, from Weissenfels in Saxony, has the composition 
Al*0 , .Bi0*.6aq. like the allophanos ; another, occurring in alum-slate, contains 
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8Al*0*.9SiO*.64aq., like some varieties of staurolite Sc hr Stturi te or 

opaline aliophane, from Freienstein in Styria- having a density of 1 *980 to 2015, 
oreeiiish-white colour, vitreous lustre, and concboidal fracture— contains, according 
to Schrotter (J. pr. Chem. xi. 380), 11*94 SiO*, 46*29 A1*0», 2*80 Fe*0* 1*16 
CaO, 0*2fi CuO, 0*63 SO*, and 35*85 water, agreeing approximately with the for- 
mula 6Al*O*.2SiO*.20aq., which is more basic than that of collyrite ; but the mineral 
is probably a mixture containing hydrate of aluminium. 

0, 4A1*0*.3SL0 3 . — This formula, with the alumina partly replaced by ferric oxide, 
represents the composition of some varieties of staurolite from the St. Gothard, 
a mineral which crystallises in trimetric prisms, having the axes a : b : c ■= 1 : 2*1123 
: 1*4478, and the angle ceP :oe>P =» 129° 20'. Observed combination e»P . c»P<» . 

* ooPoo . oP. Cleavage parallelto ocPcc , distinct but interrupted; parallel to ooP, in 
traces. The crystals are thick and often cruciform, translucent or opaque, with brown 
colour, subvitreous lustre inclining to resinous, and conchoi’dal fracture. Hardness. 
— 7 — 7'5. Specific gravity = 3*5 — 3*75. 

Analyses ~a. Red (Klaproth, Bdtr. v. 80).— b. Park-red: specific gravity =3*737 
— 3*741 (Lohmoyer, s. Jacobson). — c. (Rosales, ibid.) — d. Marignac (Ann. 
Ch. Phys. [3] xiv. 9).— e,f g , h, Jacobson (Pogg. Ann. lxii. 419 ; lxviii. 414): 


Calculation. Analytto. 

■ A . ■ *■ 






ft. 


A 

r 

/. 

0 - 

A.' 

aSioa 

. 180 00 

29*15 

27 00 

27*02 

27*25 

28*47 

29*13 

29-72 

3031 

30-91 

^AW . 

. 343*33 

54*0*2 

5*2 25 

49*96 

56*39 

53*34 

52*01 

54 72 

46 80 

48-68 


. 106-67 

16-83 

18 50 

20 07 

19*37 

17-41 

17 38 

15-GO 

18 08 

13-37 

Manganic oxide 

. . . 

. .. 

0-25 

0*28 

. . 

0*31 

. . 

•• * 

0-13 

1 19 

Miignesin . . 

. 

. . 

. . 
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0-72 

1-28 

1*85 

2-16 

1-33 

fi a 1*0* * 

W , - 3SM1 • 

. 630*00 

100-00 

98*0 

97*33 

105*58 

100*23 

100*00 

101*98 

97*48 

97*48 


Pi Unite (ii. 331) is a hydrated J-silicate of aluminium, 4Al*0*3Si0 a .9aq., con- 
taining small quantities of lime and magnesia, but no ferric oxide. 

y. 10Al v O*.9SiO*. Staurolite from Airolo on the St. Gothard: specific gravity mm 
300—3*73. 

Calculation. Jacobson. 


9SiO* 

HfAl-O* . 

Magnesia . 

. 

540*00 
858-33 
. 17167 

33*06 

51*04 

1690 

33-45 

47.23 

10*61 

1-99 

32-99 

47*92 

16*65 

1*66 

JAi*0»p 9Si0 , 
JiVO'v • 

« a 

. 1670*00 

100*00 

99*18 

99*22 


3. Al*0 3 .SiO a . — Under this formula are included an dal u e i te (i. 291), cyaniteor 
kyanite (iii. 449), sillimanite, and a few other minerals, apparently produced by 
alteration of these. Topaz (q. v.) consists of the same silicato in isomorphous mixture 
with aluininic silicofiuorido. Allophane is the fame silicate with 5 or 6 at water. 

Analyses. — 1. Andalusite.— a. Brazil (Damour). — b. Robsehiitz, near Meissen in 
Saxony: reddish, harder than quartz: specific gravity a 3*11 (Pfingsten). — 

c. Braunsdoi*f, near Freiberg: reddish: specific gravity a 3 07 (Pfingsten).— 

d. Lisens in the Tyrol ; specific gravity — 3*401. (Roth.) 

2. Cyanite. — e . St. Gothard (Rosales).—/. The Sau Alp in Carinthia (Kohler). 
— g. Elfdal in Wermland : specific gravity <= 3*8(Igelstr6m): 


Cysnite. 


AW . 
Ferric oxide 
L*me . 
Magnesia . 
A WAiO* . 



. 60 

37 5 

37*03 

ft. 

36*84 

37-57 

A 

36*74 

i 

3667 

37*92 

4^02 


. 103 

62*5 

61 45 

5.V82 

59 88 

59*65 

63*11 

61-60 

58-46 


• . • 

. . 

1*17 

3-22 

1*33 

2*80 

1*19 

1 04 

2*04 


• • . 

. . 

, . 

1-09 

0*61 

0-49 


0*42 



. 163 

loot) 

W65 

“ 1-14 
98*11 

0-17 

99*56 

99t» 

10097 

16098 

100*01 


In andalusite from Lisens, Bunsen found 40*17 per cent, silica and 68*62 alumina; 
A. Erdmann, 39*99 silica and 58*60 alumina, agreeing more nearly with 8APO*.9SiO*, 
which requires 40*3 Bilica and 59*7 alumina. 

3. Sillimanite. — h — m. Saybrook, Chester County, Connecticut: h, Thomson; 
*» Bowen \j t Hayes ; k t B. Silliman; l, Staaf ; m t Connel ; n, Fairfield, New York* 
(Norton.) 

* For references, see RammcUberg'c Miner alchemic, pp. 558, SCO, M2. 
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d. Talc- lit homarge; o v Rochlitz in Saxony (Kers ten). — jp. Zeidover, near Ternes- 
var in Hungary (Husain): V 

m • SilUmanit* Tale-Iltbtinuui*. 


. . •< 

. #65 

43 00 

4^*60 

k. 

37*65 

37 36 

36*75 

* 

3770 

37*69 

36*01 

Al*0» . . . 

64-21 

64*90 

62 * 4 L 

68 62 

68*95 

62*75 

60*50 

63*72 

Ferric oxide . 

2*00 

1*10 

. . 

2*17 

0*99 

2*28 

0*63 


Manganic oxide • 
Magnesia . « . 

• • * 

• • 

07*1 

■ * * 

* 0 * 4*0 

’ * 

* * 


0*82 

Water . . . 

• • • 

* 0*51 

. . 

. . 

0*43 

. . 

d . 



WO 

99*72 

99*31 

100*06 

98*93 

96*69 

102*73 

99*57 

9973 


Monrolite from Monroe, New York, exhibits the same characters and nearly the 
same composition aB cyanite, but gives off from 1 to 2*5 per cent, water when heated; 
specific gravity =■ 3’04 — 3'09. Worth i to, a minoral occurring near St. Petersburg 
in white translucent fragments, infusible before the blowpipe, has also nearly the 
same composition. Both minerals doubtless result from the alteration of cyauito. 

Bucholzite from Faltigl in the Tyrol and Chester County, Pennsylvania, Fibro- 
lite from the Carnatic und from Delaware, and Xc noli to, found near St. Petersbui^, 
ore fibrous minerals, which appear also to havo been produced by the alteration of 
cyanite, sillimanite, or andalusito, but tlioy are probably sometimes also mixed with 
quartz. The older analyses by Thomson, Braudes, and others, give for the. so minerals 
from 40*06 to 47*44 per cent, silica, and 58*88 to 50*0 alumina, agreeing approximately 
with the formula 2 AFO*. 3 Si (P, but the more recent analyses by B. Sil liman (Sill. 
Am. J. (2] viii. 10), give 35*13— 30*31 silica, and 64*93 — 62*42 alumina, which is tho 
same as that of cyanite, &c. Xonolite forms prisms of 91 which seems to show that 
it has been formed from andalusito. 

Chiastolite or Hollow spar (i. S6H) is an andalusito varying greatly in hard- 
ness and composition, and usually enclosing masses of rock, found in Spain, at Bona 
in Algeria, at Lancaster in Massachusetts, and in Bretagne. 

5. Allophanc. — a. Friosdorf, near Bonn (Bunsen). — Ik New Charlton, near 
Woolwich (Northcotn). — c. Bleiberg in tho Eifol (Bergemann). — d . Gersbaoli, in 
the Black Forest (Walehner). — c . Richmond, Massachusetts (B. Sil liman).—/. 
Now Charlton (Woolwich). — g. Goldhausen, near Corbach, Waldeck : light-coloured, 
— h. Tho same, dark-coloured: specific gravity =» 2*02 (Schnabel). — i. Schneeberg 
(Ficinus): 


Carbonic anhydride 
smi-n 

Alumina . . , 

Forrlc oxide . 

Cupric oxide . 

Manganic uxide 
Lime 
Water . 


a. 

b. 

e. 

d. 

*. 

r. 

tr» 

5. 

L 


273 

1 24 

. 


244 



1-2 

2*2*30 

20 r>o 

19*35 

21 *U 

2*2*65 

19*56 

21*19 

19*41 

30 0 

32*18 

31*34 

8275 

38*76 

38*77 

37*30 

25*8Q 

26*77 

16 7 

2 90 

0*31 

0 30 



(HI 




• • 

• • 

2 57 

2*33 

■ ■ 

1*36 

1371 

18*07 


• 

*1-92 

*1*58 


*2*83* 



* * 

1*5 

42*62 

42*01 

40*23 

3575 

35-24 

39*19 

35*49 

34 72 

29!) 

100*00 


0*87f 



*99*08 




90 71 

98*89* 

97*05* 

0 r J : 4 ( J 

wFio 

99*87 

*100*3 


This table shows that the name allophanc has been applied to substances differing 
greatly in constitution. The analyses a , A, c may bo represented approximately by 
the formula AL"O».Si0>. 6nq. (2214 SiO*. 38*01 A1*0\ 39*86 11*0); d, r, / by 
Al a O*.SiO*.6aq. (24 34 Sit) 2 , 40*36 Al*0 9 , 35*31 11*0). Both varieties aro often 
mixed with calcic carbonate and cupric silicate ; in the latter case tiny have a blue 
colour. The more highly cupriferous ullophaues, g, h t i, arc mixtures of hydrated 
aluminio silicate and cupric silicate. 

C h r o in e - oc h r 0 , M i 1 os c h i i>, and W o 1 c I 10 n s k 01 1 c, arc ehromiferous clays of very 
variable composition. The first contains from 46 to 64 per cent, silica, 2*2 5 to 30*5 
alumina, 4 to 10*5 chromic oxide, and 6*26 to 125 water; the second, from Budn ink in 
Servia, 27*5 per cent, silica, 4$ 01 alumina, 3*61 chromic oxide, and 2*2*30 water ; tho 
third, from Krt*isOclmnsk,in the government of Perm, Russia, 27 to 37 percent, silica, 
about 6*5 alumina, 18 to 34 chromic oxide, 7 to 10 ferric oxide, 21*84 water, with 
small quantities of lime, magnesia, and manganous oxide. 

Collyrite, from Weissenfels, containing, according to Kcrsten, 23*3 per cent, 
silica, 42*8 alumina, and 34*7 water, is also represented most nearly by tho formula 
Al*0*Si0*6 ; » q . 

e. 8Al*0*.9Si0 ,J . — Staurolite, from Polrwskoi, in tho Ural, contains, according to 
Jacobson, 38*33 — 38*68 per cent. SiO a , 45*97 — 47*43 APO* 14*60—15*06 Fo*0* and 

2*44 — 2*47 magnesia, agreeing nearly with tho formula .9SiO*. (Compare 

p. 255.) * 


• Magnesia. 


♦ Quarts and Gyp turn. 
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* Collyrite, occurring in alum-slate, contains, according to An thou (Bars. Jahresb. 
xxiii. 280), 24*2 per cent SiO*, 34*5 APO 1 , and 4 13 water, agreeing appr&rimately with 
the formula 8Al*0*.9SiO* 54aq. ‘ ...Jr'- J 

C 6Al*0*.6Si0* — Staurolite, from Bretagne (specific Asritji — 8*627 — 3*629), 
contains, according to Jacobson, 39 19 — 40*86- per cent S8p\ gi*87— 44*22 A1*0\ 
16*09 — 16*77 Fe*0*, 0*17 — 0*10 Mn*0* and, in one specimen, O 32 magnesia, which 

‘‘APa* ) * 

may be represented by the formula— fp e t()* j .6SiO*. 

ij. 2Al*O i .3fiiO* — This, with various quantities of water, represents approximately 
the composition of porcelain clay, from Gutenberg, near Halle (Bley, J. pr. Chctu. 
v. 313), and of pholerite (i. 496), near Fins, Dept, de TAllior (Guillemin, Ann. 
Min. xi. 489), and from Naxos (Smith, ibid, [4], xviii. 299). 


Clay from GuUnbtry. 

Blej. 

PhoUrite. 


Gullteraln. 

Smith. 

asio* . . 

1«0 40*91 

39 62 

3.MO* . . ISO 

3. *30 

41*65 

44*41 

2X1*0® . . 

206 46N2 

45*00 

2 A 1*0® . . 206 

44*98 

43*35 

41*20 

311*0 . . 

54 12*27 

1000 

4H a O . . 72 

lft*72 

14*00 

13*14 

CaCO*. . 
MsCO®. . 
Mn 'O* . . 

.... 

0 07 

ChO 


. . 

1 21 

* * * * 

3*32 

0*19 

2 Al*0® .3Si OMaq . 458 100*00 

100*00 

9996 

2Al a O®.3SiO«3aq. 

440 100*00* 

98*20 






Plintliite, from the county of Antrim, in Ireland, contains, according to Tho m- 
son ( Outlines^ i. 323), 30*88 per cent. silicM, 20*76 alumina, 26*16 feme oxide, 2 6 
lime, and 19*96 water, and may be represented by the formula 2( AFQVFeHX ). 
3SiO*.6«iq. * , 

Carpliolitc, from the Schlackenwald, in Bohemia (i. 806), has a composition 
represented by the formula 2(AFO*;Mn*0*;Fe f O , ).3SiO a 3aq. 

0. 3Al 2 0*.5Si0 a . — Lenzinito, from La Vila to, in Franco (iii. 671), and that from 
Kolf,in tho Eifcl, containing, according to John, 37*6 per cent. silica, 37*6 alumina, and 
26*0 water, arc approximately represented by tho formula 3AI 2 O s .5Si<) 3 .l laq. ; the same 
name is, however, applied to a clay containing a much larger proportion of silica. 

1. Al‘ 4 0 J .2SiO a .— This, with 2 at. water, represents tho composition of nearly all 
varieties of k ao I i n, or porcelain -clay. The numerous analyses of this substance 
yield on the average about 47 percent, silica, 40 alumina, and 13 water, the formula 
Al*O l .2Si(X2aq. requiring 47*05 silica, 39*21 alumina, and 13*74 water. The following 
are examples : — 

a. Auo near Schneoberg (Forch hammer, Pogg. Ann. xxxv. 331). — h. Mori near 
Halle (Fore Ilham mer). — c. Altcnberg in the Erzgebirge : a pseudomorph after pro- 
Bopite (Sell eo re r, Pogg. Ann, ci.361 ). — d. St. Yrieux near Limoges (Fore n hammer). 
— r. St. Yrieux: produced by weathering of beryl (IJ amour, Bull, geolog. [2| vii. 
224).—/. Cornwall (Brown, J. pr. Chem. xliv. 232). — g. Kio Janeiro (Kussin, 
Jh'iinm. Minevalcii. p. 574). — h, i. China : h from Tonkang, i from Sykang (EboJmen 
and Salvotat, Ann. Ch. Phys. [3] xxxi. 267): 



a. 

b. 

e. 

tf. 

r. 

r 

g* 

h. 

/. 

Silica , 

. 46*53 

46*80 

45*63 

48*68 

45*61 

46*29 

45*37 

50*5 

66*3 

Alumina 

. 39*47 

36*83 

39*89 

36*92 

38*86 

40 09 

34*27 

33*7 

30*3 

Ferric oxide . 

• . . 

3*11 

. 

. . 

0*94 

0*30 

1*8 

2*0 

Lime . 

• • • 

0*60 


110* 

0*50 




Magnesia 

... 

0-27 

, , 

0*52 

. 

. 

, 

0*8 

0*4 

Potash . 


, . 


, . 

, . 

. 

, 

1*9 

11 

Soda . 

. 

. 


0*58 

. , 


. . 


2 7 

Water . 

. 13*97 

12*44 

13*70 

13*13 

14*04 

12*67 

20*01 

11*2 

8 2 

Calcic carbonate 

. 0*31 

100*28 

0 55 

ioooo 

99*82 

99*83 

100*55 

99*85 

09*65 

99*9 

1000 


K aol i n is produced by the decomposition of orthoclase, K*O.Al*0\6SiO* which under 
the influence of water containing carbonic acid, or sulphuric acid resulting from tho 
oxidation -pyrites, loses its potash and ttfc-thirdn ( 4 at.) of its silica, and at tho same 
time takes up 2 at. water. Some varieties of kaolin have, however, a different com- 
position : thus that of Gutenberg, as already observed, is nearly 2Al 2 0*.3Si0* 3aq., 
and that of Passau — which, according to Fuchs, is produced by tho decomposition of 
porcelain-spar— is, according to Forchhammer, 4APO*.9SiO*.12aq. [For analyses of 
fire-clays, see ii. 653.] 

Li tho marge (i. 730) is a name applied to a number of aluminous silicates, most 
of which have nearly the composition of porcelain -clay. 


Vo i.. V. 


• H'iicUis. 
8 



um 


Silicates of alitminictm. 


Analyses: a. Roehlitz, in Saxony: compact (Klaproth).*— b. Buchberg, near 
Landaliut, in Silesia (Ze liner). — c. Clausthal : white, phosphorescent; specific gravity 
■» 159 (Dumonil). — d. Itumpelsberg, near Auerbach : from topaz rock ; crystalline 
under the microscope : specific gravity «= 2*6 (Clark). — e. Schlackenwald, Bohemia: 
radiate; glows brightly before the blowpipe; not decomposable by hydrochloric 
(Ram mclsberg).— / Tuisite, from the Tweed (1) Thomson; (2) Richardson : — 


Silica . . 
Alumina . , 
Ferric oxldo , 
Lime. . . , 
Magnesia . . 
Water . * . 


tu 

b. 

4m 

d. 

4. 



45*25 

49*2 

43 00 

47*33 

47*28 

43*46 

(1). 

44 30 

30 50 
276 

3fl*2 

0*5 

40-26 

0*4 M 

40*23 

39*02 J 

41*48 f 

40*40 

; • 

; • 

0*47 

*«f 

089 

l*20 l 

0*37f 

075 

0*60 

1400 

V&bQ 

14*0 

99-9 

15*50 

99*70’ 

12*30 

101*30 

13*65 

100*72 

13*49 

100*00 

J350 

99*45 


(S). 
43*80 
40*10 
0*04 
0*64 
0*55 
14 21 


The following varieties are distinguished by containing a considerable amount of 
potash:— A. Green lithomarge, from St. Zorgo in the Harz: specific gravity =* 3086** 
(Rammelsbcrg). — i. Lilhomarge from Schlackenwald (Kri eg) : 

Si 02. Aizoa. Fe-O 3 . CaO. MgO. K<*<). Na^O. H*0. 

h. 4975 29*88 6*61 0*43 1*47 6 35 . . 5*48 *r 99*97 

f. 62*40 31*94 1-23 . . 1 44 6*41 1*73 5*00 « 99*35 

Ferruginous lithomargo from Planitz, near Zwickau in Saxony, contains, according 
to Schiller, 41GG per cent, silica, 22-85 alumina, 12'98 ferric oxido, 1*68 manganic 
oxide, 3*04 lime, 2*55 magnesia, 0 03 potash, and 14*20 water, which mav bo represented 
by t ho formula (A1*Q* ; Fe 2 0 s ) 2SiO*. * P 

II alloy si to (iii. 7) has sometimes the composition of kaolin or lithomarge ■ some 
a ’ ar B 0 , r t l’’ anti, i r of water, agreeing with tho formula 
Al ; U , .2SiO*4nq. The latter formula also represents nearly tho composition of some 
kinds of bole (i. Cl 8). 

k. 4Al*() a .l)Si0 8 . — This formula, with 12 at. water, represents porcelain-clay from 
J assail, containing, according to Forchhammor, 45*14 per cent, silica, 35-00 alumina 
270 I erne oxide and lime, and 1850 water. The same formula, with 18 at. water 
and the alumina partly replaced by ferric oxide, gives the composition of most varieties 
or bole. 


A Al*O a .3SiO ? .— This formula, with 3 at. water, represents razonmoffskin an 
argillaceous mineral from Kosemiitz in Silesia (p. 78); also pyrophyllito (iv. 7691 
if the small quantity ot protoxides bo left out of consideration. ? 

**. 2Al»0*.9Si0*.— Cimolite (i. 964) is represented by this formula, generally with 
6 at., but occasionally with 4 at. water. A na u xi te (i. 288), fromBilin in Bohemia— 
containing, according to Plattner, 65 per cent, silica, a large quantity of alumina, 11*6 
per cent, water, with small quantities of magnesia — is probably a variety of cimolite. 

v. Al 2 O a .4SiO*. — <i. Mon tmorillonite (iii. 104), from Montmorillon, Dept. ITaute- 
Vienno ; b. the same, from Strum buly in Transylvania ; <?. Halloysite, from Con folert. 
Dept. Chareiito ; L o n z i n i t e, from St. Sevin, Dept. Landes; and^.Bole fromMicha©' 
Dept. Dordogne, are approximately Al*0\4SiO* + 2 and 3 at. water ; but it is very 
probable that some of them contain free silica: — * 


sio«. 

A<H>\ 

a. 49 40 

19 70 

b. 50*04 

20*16 

r. 52*10 

21-80 

d . 49 5 

18*0 

<*. 50*0 

22 0 

/. 60 5 6 

19*15 


F.W. CaO. M*0. 
0*80 1-60 0-27 
0*68 1*46 0 23 

. . 2-50 4 28 

. . 21 21 


. . 0-63 


MaO. K20 ,Nh*0. 1120. 
. . 1*50 25*67 

. . 1-27 26*00 

. . 1-34 17 68 

28-0 
26-0 

4*40 . . 2405 


9 8 '8 4 Salv^tat. 
99*84 Damour. 
100 Ilengenau. 
99*7 Berthier. 
98*0 

98*78 v. Hauer. 


( IiammdsbercfB Miner alchemic, 


The last gives off 14 03 per cent, water at 100°. 
p. 1014.) 

{. AV'O'.OPiO’ ? M n 1 t li a o it r, from Steindiirfel in the Obcrlausitz— eontainina 
according to Meuwnor (J. pr. Chein. x. 610), 602 per eont. silica, 10-7 alumina, 3* 
feme oxide, 0*2 bine, and 35 8 water — may be approximately represented as ABO*. 6SiO* 
16uq., but is probably a mixture. r * 

o. Aluminic Silica its of indeterminate composition. — Dys y n t ri b i t © from Wnm 
County, New York (ii 368); Nao rite, fr& Bru M wii,7n the Stote o^MafnTnnd 
Talc.ts from Wicklsw in Ireland (nr, 1); Nourolite, from Stametead in Lower 
Canada (nr. 32); Portite from the gabbro of Tuscany (ir. 690); Rhodolite, from 
Ireland, containing, according to Richardson, 56 9 per cent, silica, 114 ferric oxide 8-3 


• For references, see Ramm hherg t Minrratck%'mie, p. 576. 


f Sods. 
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alumina, 1*1 lima, 0*6 magnesia,* and 22-0 water ; Samoite, from the lava of Upolu (v. 
187) ; Scarbroite, from Scarborough (v. 204); Smectite, from Cilly in Styrw, 
containing, according to Jordan^Pogg. Ann. lxxvii; 591), 51*21 per cent, silica, 
12*25 alumina, 2*07 ferric oxide, 1*89 magnesia, 2*13 lime,, ana 27*89 water; 
Smelite, from Telkobanya in Hungary, containing, according to Oswald ( J. pr. 
Chem, xxxv. 39), 50 por cent, silica, 32 alumina, 2 ferric oxide, 2*1 soda, and 13 
water ; and an earthy mineral from CondA, near Houdan, Dept. Seine et Oise, con- 
taining, according to Salvetat (Ann. Ch. Phys. [3] xxxi. 102), 44*5 per cem silica, 
32 5 alumina, 1*2 ferric oxide, 1*02 lime, 0*3 magnesia, 0*4 potash and soda, and 21*7 
water. 

The following are unctuous clays included under the general denomination of 
mountain-soaps: — «. From Plombi6res (Berthier, Aun, Min. [3], xi. 479). — A. 
Thiiringen (Bucholz, Gelilens N. J. iii. 597). — c. Arnstadt, in Thuringia (Fie in us, 
Sehw. J. xxvi. 279). — d* Wilholmshcihe near Casscl (Beckmann, Lconh. Juhrb. 1831, 
p. 125): — 

Humic Fowl! 

P*0\ Si 02. AlW Fe 2 0\ Mn»0». CaO. MjtO. 11*0. Carbon, acid, resin. 


a. . . 46*8 23*4 2*1 26*6 * 98*9 

A. . . 44*0 26*5 8*0 . . 0*5 . . 20*5 - 99*5 

c. . . 23*3 16*1 10*3 3*1 1*1 3*1 43 0 - 100* 

d. 0*55 46*44 17*40 6*22 0 09 0*86 1*25 12*69 6*95 6*46 0*66 - 99*47 


Ferric Silicates. There arc but few ferric silicates of definite composition. 
Degoroite, from Finland (ii. 309), consists mainly of Fo^CP.SiCHSaq. — Antliosi- 
derite, from Minas Gomes, Brazil (i. 309), is 2Fe 7 0* 9SiO* 2aq.—Chloropal (i. 
921) is a mixture of FoW.SSiOhSaq. with opal. — Pinguite (iv. 650) has nearly tho 
composition Fo''O.3SiO\4(Fe ir O*.2SiO , ).30aq. — Nontronite (iii. 134), ungh warily 
(y. v . ), and a ferruginous bole from Halsbriicko, near Freiberg, uro ferric or ferroso- 
ferrie silicates to which no definite formula can bo assigned. The hist contains, 
according to Kersten, 46*40 per cent, silica, 3 01 alumina, 23*50 ferric oxido, and 24*50 
water. 

Manganic Silicates. The black nilicious ores of manganese, which give off 
chlorine when treated with hydrochloric acid, appear to have been formed by tho 
oxidation of manganous silicates (rhodonite, cummmgtonite, bustumito), and are often 
mixed with tho lattor, so that their composition is very variable. 

Analyses: — a , A, c. Throe varieties of a black silicious manganese, from Sweden : 
specific gravity = 2*74 — 2*98. — d. An accompanying black substance: specific gravity 
= 3*207 (Bahr, J . pr. Ckem. liii. 308): — 



Si 03. 

Mu'- O' 1 . 

IVO *. 

A 1*0*. 

CaO. 

MgO. 

1130. 


a. 

36 20 

47 91 

0-70 

1 11 

0*60 

4 43 

0*43 - 

100*38 

A. 

36*11 

4200 

11*31 

0*90 

0*70 

0*57 

9*43 « 

101*02 

c . 

34*72 

42 64 

10*45 

1*09 

0*56 

0*35 

970 « 

99*67 


23*69 

66*21 

9*14 

0*01 

0*50 

0*39 

9*60 » 

100*04 


e. Stratopeite, a black amorphous nr'ceral, of specific gravity 2*64, from the 
Pujsberg mine, near Phi lipstad in Sweden, containing, according to Igelstrom (J. 
pr. Chem. liv. 192, 290), 35*43 per cent, silica, 32 ; 41 manganic oxide, 10*27 ferric 
oxide, 8*04 magnesia, and 13*75 water, is a decomposition-product of similar cha- 
racter. 

/. A black silicious manganese from Klappcrud, in Dalarne, Sweden, in which 
Klaproth found 25 per cent, silica, 55*8 manganous oxide, and 13*0 loss by jgniLion, 
was probably a hydrated mixture of manganous silicate, manganous carbonate, and 
manganic oxide or peroxide; tho deficiency in tho analysis (6 2 per cent.) was probably 
carbonic anhydride. 

g t A, i. Marc cline or Heterochino, from St. Marcel in Piedmont; g by Berze- 
lius (Afhandl.i. Fis. iv. 382); h byEwroinoff (Pogg. Ann. xlix, 204); iby Damour 
(J. pr. Chcm. xxviii. 284). — k. Dense, hard, silicious manganese from Tinzen in the 
Grisons (Berthier, Ann. Ch. Phys. [2] li. 79).—/. The same by Schweiz er (J. pr. 
Chem. xxiii. 278): — 


SiO». Mn a O». F«* b O*. Al'O 3 . CaO. MgO. K*0. H'O. 

g. 15*17 75*80 4*14 2*80 .... . . - 97*01 

h. 10*16 85*87 3*28 . . 0 61 . . 0*44 . . - 100*36 

f. 10*24 76*32 11*49 . . 1*14 0*26 .... - 99'46 

k. 15*3 80*9 1*0 1*0 - 98*2 

/. 15*60 77*34 3*70 . . 1*70 . . . . 1*76 - 100 


g % k, and l arc, approximately, 2Mn*0 , .3Si0*, but they may also be mixtures ; h 
and k are still less definite. 

A brown sinter from the mine-waters of Himmelfahrt, near Freiberg, was found by 

s 2 
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Kersten to contain 18 98 per cent silica, 25*01 manganic oxide, 22*90 ferric oxide, 
and 33*00 water, which may be represented by the formula (Mn 2 0 3 ;Fe a O*).3SiO*.6aq- 
Carpholite (p. 257) is a manganic silicate containing alumina and ferric oxide. 

Silicates containing Monatomic, Diatomic, and Triatomic Metals: Double Silicates, 

These compounds being specially described, and their analyses given in separate 
articles , it will be sufficient to give in this place a tabular view of the composition of 
those whose formulae may be considered as definitely established. In the preceding 
tables (pp. 260, 261), to avoid the continual repetition of atomicity-marks, a monatomic 
metal is denoted by M, a diatomic metal by M, and a triatomic metal by R. 


Compounds or Mixtures of Silicates with other Salts . 

1. With Aluminates . — It has already been mentioned (p. 253), that certain varieties" 
of augite and hornblende may bo regarded as mixtures of silicates and aluminates of 
magnesia, &c. A similar composition is also assigned to the following minerals, th'e’ 
alumina being more or less replaced by ferric oxide : 

Clintonite, (2M0.3Si0 2 ) . 2(3MO . 2Al 2 0 3 ). 

Xanthophyllite, (M0.3SiO z ) . 3(3M0.2Al 2 0 3 ) . 3aq. 

“'STritel ( 2M0 - 3Si0 *) • 4(MO.AW) . 2aq. 

The minerals of the chlorite group may be represented either as double silicates 
of magnesia (ferrous oxide) and alumina, or as compounds of silicates and aluminates : 
thus — 


Chlorite, 6MO.Al 2 0 3 .3Si0 2 .4aq. - 2(3M0.Si0 2 ) . (Al 2 O a .Si0 2 ) . 4aq. 

- (4M0.3S10 2 ) . (2MO.Al*O a ) . 4aq. 
Ripidolite, 4MO.Al 2 O s .2SiQ 2 .3uq. = (4M0.Si0 2 ) . (A1 2 0* SiO 2 ) . 3nq. 

= 4(M0.Si0 2 ) . (3MO.Al 2 O g ) . 3aq. 

2. With Borates , — The native calcic borosilicates have already been mentioned, 
viz. 


Dafholite, CaB 2 0«.CaSi0 3 .aq. 

► Botryolite, CaITObCaSi0 3 .2aq. 

Tourmalines arc double silicates, containing both proto- and sesquioxidus, most of 
which may be included in the general formula, 

2(M*;M-)0.8i0 4 . «(R;B)*0*.SiO* 

the boron being supposed to roplaco a portion of the triatomic motal R. 

Axinite is a borosilicate containing 


3[20aO.SiO 2 ] . 2[(It;B)*0*.3Si0*]. 

3. With Carbonates.— Cancrinite consists of (CaO.CO^.SrNa^.AFO^SiO-l 
or CaCO*. 3(Na 2 SiO*. AFSiO 4 ). L J * 

With Chi or ides, bo dal ito consists of a sodio-aluminic silicate combined with 
chloride of sodium, and maybe represented by the formula NuCl.w(Na 4 Si0\Al 4 Si*0 ,a ). 
porcelain -spar contains, according to Schafhautl, a small quantity of potassic 


5. With Fluorides .— Lepi doli te consists of 6 or 12 at. of a silicate of al umi nium 
nhd alkali-metals, including lithium, with 1 at. of a fluoride ; or the fluorine may be 
regarded as replacing a portion of the oxygen in the silica. (For the formula, see 
in. 1011). A similar replacement of oxygon by fluorine takes place to a small extent 
m many other silicates. 

,0. With. Sulphates .-^ This division includes r haiiyne, nojsean. ittuerite, and 

ultramarine. The composition of the first three is as follows : 

. . , Rapyne, (]ft*;ifc)SO« + ^{MbM^CKA^SiOn. 

Noscan, KaCl + 3(Na 2 * 7 * SiO\Al\SiO s ) 

■ , ; *;v + 10[Na?SO«.3(Na*SiO s .Al 9 SiO 4 ]. 

Ibtnente, NkCT + 3rNa a S»0 3 .Al 3 SiO*).6aq. * 

+ s l( c »i^» a )SO*.3[(Ca;Nft»)SiO*.Al*SiO # ].6aq. 

Nos can is a compound ot 1 at. sodalite and 10 at. of a soda-haiiyne; ittnente of 1 at. 
hyd rail'd aodalite and 3 at of a hydrated haiiyne. Lapis-lazuli, or ultramarine, is a 
mixture ot variable composition. 

7. With Titanot e*. — The following minerals of this class are known:—- 

Titanite, - Ca’SiO'.Ca'TiO*. 

Y 1 trot! tan ite^ M > E*O ls .lSM;Si;Ti) r O J ; [M=-C*,Y;R=A],l?e]. 
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Schorlanute, 9Ca"j|fK£ + ifrjgg. 

Tschewkinite, Fe"(Si;Ti) tr O l . 3(CH;La;Di;Ca)' , .(Si;Ti) ,f O*. ‘ 

EnceJadite, 6{Mgjb>,^a)*(Sj;Ti)0 4 . AJYSi;TiJ J 0’“ daq. 

Mosandrite is a hydrated BilicotitanaU, containing cerium, lanthanum, d idy- 
miura, iron, calcium , magnesium, potassium, and sodium ; but its exact composition baa 
not been determined. 

8. With Tungstates. —There are no native minerals consisting of silicates ami 
tungstates; but Mari gnac has lately obtained a series of such compounds artificially. 
(See Tungstates.) 

9. With Zircon atce. — Eu'dialyte, from Greenland, consists of. (Na*;Ca";IV) 
(Si;Zr) lr O* ; Norwegian eudialyte contains the same elements, but in somewhat different 
proportions. 

Catapleiito, from the syenite of Lamo, near Brcvig in Norway, consists of 
(Na z ;Ca";Fe")(Si ,r ;Zr ,r ) 4 0*.2aq. or (Na*;Ca;Fe';)(Si;Zr)^0».3(Si;Zr) l ’0 ,, .2uq. 

Oersted i to is a hydrated eilico-zirconio-titanate of calcium, magnesium, and iron, 
the formula of which has not been exactly determined, 

10. With Zzrconates and Niobates. — Wohlerite, from tho Langesundiyord, 
near Brevig in Norway, probably consists of (GV , ;Na !< )(Si;Zr.Nl>)*'O a . In the same 
neighbourhood is found a red-brown minoral of similar character, but containing no 
zirconium, probably formed by alteration of the wohlerite. 

BXIiXCXC ETBBR8. (Ebelmen, Ann. Ch. Phys. [3] xvi. 144.— Friedcl and 
Crafts, Ann. Ch. Phys. [4] ix. 6 .) — Silicates of alcohol-radicles produced by tho 
action of alcohols on silicic chloride. 

Amylilllolo Btbers. Tetramylic Silicate , (C A H ,, ) 4 SI0 4 ■■ 2(C a H n ) 2 O.SiO B , 
— Prepared like tho corresponding ethyl-compound, the product, which passes ovor 
between 320° and 340°, being collected upart and rectified. It is a colourless limpid 
liquid, having a faint odour, somewhat like that of amylic alcohol. Specific gravity 
= 0 868 at 20°. Boiling-point between 322° and 325°. Vu pour-density : obs. «■ 
15*2 ; calc. «» 13 03. It burns with a long white flame, depositing impalpable silica. 
It dissolves freely in ethylic alcohol, othjlic other, and amylic alcohol, is insoluble in 
water, and is decomposed thereby much loss quickly than tho ethylic silicates. Alcoholic 
ammonia also decomposes it with difficulty. (Ebol m o n .) 

Ethylslllcic Ethers. Tetr ethylic Silicate, (C 2 II 5 ) 4 Si0 4 » 2(C 2 H 4 ) 7 O.SiO* 
—When a small quantity of absolute alcohol is poured upon silicic chloride, a brisk 
action takes place, accompanied by copious evolution of hydrochloric acid, and n con- 
siderable depression of temperature; and on distilling tho resulting transparent and 
eolourloss liquid, more hydrochloric acid is evolved, then towards 90° a strongly acid 
product, after which the temperature quickly rises to 160°, at which point totrethylic 
silicate passes ovor, and must bo collocted in a separate receiver. 

Tetrethylic silicate is a colourless liquid, having a rather pleasant ethereal 
odour, and a strong peppery taste. Spciflc gravity = 0*933 at 20° (Ebelmen); 
0 9670 (Friodel and Crafts). It boils without alteration between 105° and 166°. 
Vapour-density: obs. 7 32; calc. ■» 7*207- It is combustible and burns with a 
dazzling flame, diffusing a white smoke, consisting of silica in a state of extremely 
minute division. It is insoluble in water, which however decomposes it gradually, 
with separation of gelatinous silica. Ammonia and the fixed alkalis dissolve and 
decompose it with facility, (Ebelmen.) 

According to Knop and Wolf (Jahresb. 1861, p. 207), the liquid obtained by satu- 
rating absolute alcohol (kept cool) with fluorido of silicon, is a mixture of tetrethylic 
silicate and silicofluoric acid (p. 270). 

Diet hylic Silicate, (C 8 H*)*SiO # — (C*H*)*O.SiO*, is practiced by tho action of 
silicic chloride on aqueous alcohol : 

SiCl* + 2C 3 H«0 + H*0 - (C*H*)*Si6»^ 4HGJ. 

It is a colourless liquid, having a faint odour, specific gravhr - 1<Q79, and boiling 
at 360°. Water decomposes it with separation of silica. When it is left in contact ‘ 
with moist air, the silica solidifies to a transparent nfBss, which contracts more and 
more, and acquires in two or three months the lustre and vitreous fracture of hyaline 
quartz, and becomes hard enough to scratch glass. (Ebel m en.) * 

> Diet hylic Disilicate, (C B H*)’Si*0‘ -> (C*H*)*0.28i0 9 , is formed by distilling the 
preceding compound with a small quantity of aqueous alcohol. Diethylic silicate then 
passes over first, and diethylic disilicate remains in the retort. If, however, too 
much heat is applied, more diethylic silicate is given off, and free silica remains 
-behind. (Ebelmen.) 
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Diothylic dim! irate dissolves in ether, alcohol, and the other silicic ethers. 

Hexetkylic^ Disilicate, (C t H*) a Si*0 1 = 3(C*H 4 )*0.2SiO a .— Fried el and Crufts 
Were not able to obtain the two ethylic silicates last mentioned; but- having prepared a 
considerable quantity of ethylic silicate with alcohol that was not quite anhydrous, 
they found that the greater part of tile product distilled over towards 240°, but that it 
was not possible, by distillation under the ordinary atmospheric pressure, to obtain a 
product of definite boiling-point, By distillation in vacuo, however (under a pressure 
of 3 to 5 mm.) they obtained, after eight fractionations, a product boiling between 
125° and 130°, and having the composition of hexothylic disilicate. 

This ether is a slightly oily liquid, having a rather fragrant odour like that of normal 
silicic ether. Specific gravity of 1*0196 at 0°, and 1*0119 at 19°. Vapour-density: 
obs. sss 12*025; calc. = 11*86. , 

Ethylsilicic Chlor hydrins.— By heating chloride of silicon with tetrethylic 
silicate in various proportions, Friwlel and Crafts have obtained compounds derived 
from the latter by substitution of 1,2, and 3 at. chlorine for an equivalent quantity, 
of hydroxyl (HO). 

Ethylsi/iric movoehf or hydrin , (C-II 4 )*ClSiO !l , is produced: l. By beating 1 at. 
silicic chloride with 3 at. tetrethylic silicate to 150° for an hour in a closed vessel : 
SiCl* + 3(C 2 H ft ) 4 SiO» = 4(C 2 H 5 )*ClSiO a . 

2. Together with ethylic acetate, by heating 1 at. tetrethylic silicato with 1 at. clilorido 
of acetyl to 170°— 180°: 

<C*IP)'SiO< + C*H a OCl = (C z H*) s ClSiO a + (C*H»0)(C 2 IP)0 9 . 

3. By distilling tetrethylic silicate with pontaohloride of phosphorus. It is a 
limpid liquid, of specific gravity 1*0483 at 0°. Boils at 157°. Vapour-density: obs. — 
7'0fi; calc. = 6*81. It does not fume in the air, but is quickly decomposed by the 
action of moist air and of water, yielding hydrochloric acid and silica. It burns with 
a green-edged flame, diffusing white fumes of silica. 

Ethylsilicic Dichlorhydrin , (C , H 8 ) , Cl 2 SiO' J . — Produced by heating 1 at. tetrethylic 
siLcate with 1 at. silicic chloride: 

SiCP + (CHPySiO 4 - 2(C 2 H 5 ) 2 Cl 2 Si0 2 ; 
or 1 at. silicic chloride with 2 at. of the monochlorhydrin : 

SiCl 4 + 2(C 2 IP) s CISiO* « 3(C 2 H a )*Cl*SiO*. 

In either case the materials must ho heated together for some time, and the product 
purified by repeated fractional distillation, great, care being taken to prevent, access of 
moisture.. It is a liquid resembling the preceding, and having a specific gravity of 1*44 
nt0°. Boiling-point 137°. Vapour-density : obs. = 6*76; calc. = 6*515. 

Ethyl silii'io J'tichhr hydrin, ((! z H 4 )Cl“SiO. — Prepared by heating the dichlorhydrin, 
monochlorhydrin, or tetrethylic silicate, for a long time with excess of silicic chloride, 
anil fractionating the product a great number of times with the precautions above 
indicated. It is a liquid of specific gravity 1*291 at 0°, boiling at 104°. Vapour- 
density: obs. «= 6*378 ; calc. = 6 216. 

Ethylamylic Silicates. — These ethers are produced by distilling ethylsilicio 
mnuo-, di- f or tri-chlorhydrin with an equivalent quantity of aniy lie alcohol: e. g . — 
(C*H # )*ClSiO* + (C 8 H ,l )HO = (C z H 8 )*(0 8 H")SiO 4 + HC1. 

Ethyhiliclc A my lie Amyl-trletbylic 

monochlorhydrin. alcohol. ailicate. 

Tlio monamylia compound , (C*H 5 )*(C 8 H n )Si0 4 , is a limpid slightly oily liquid, 
having a faint odour, like that of amyl-compounds in general ; boils between 216^ and 
225°. — The diamylic compound , (C 2 H a ) , (C : *Il ,, )*SiO*, nas a specific gravity of 0*915 at 
0°, and boils between 245° and 250°. : -The trinmylic compound , (C*H 5 )(C s H n ) s SiO* i 
has a specific gravity of 0*913 at 0°, and boils between 280° and 285°. These mixed 
ethers, like tetr&mylic silicate, are less easily decomposed by alcoholic ammonia than 
tetrethylic silicate. (Friedel and Crafts.) 

Trie thy l-acetylsilicic Ether, (C*H 4 )*( 0*11*0 )Si0 4 . Ethylic Silico - ace tin . — 
Produced by heating tetrethylic silicate with acetic anhydride to 180° for fourteen 
hours, and separated by fractional . distillation. It is a limpid slightly oily liquid, 
with a slightly acetic odour, becoming stronger after exposure for some time to a moist 
atmosphere. Boils at about 190°. Bums with emission of white clouds of silica. 

MetlkyUmete BUiara. (Fri ©del and Crafts, Ann. Ch. Phys. [4] ix. 32.)— 
Trtra methylic silicate, (CH*)*Si0 4 , is prepared, like the corresponding ethyl-compound, 
by the action of silicic chloride on perfectly pure and anhydrous methylic alcohol 
{obtained by distilling ordinary methylic alcohol, first over sodium, and then over 
phosphoric anhydride). It is a colourless limpid liquid, having a fragrant ethereal 



SILICIDES, METJttf.IC. 266 

6dour, and a specific gravity of 1*0589 at 0°. Boils at 121°-— 122°. Vapour-density : 
obs. » 5*380 ; calc, a 5*264. It is moderately soluble in -water, the solution re- 
maining clear, and not depositing gelatinous silica till after the lapse of several weeks. 
It burns with emission of white fumes. It is rapidly decomposed by exposure to 
moist air. Aqueous alcohol converts it into a mixture of methyhc polysilicateB. 

Hcxmethylic Diailicoie , (CH*)*Si*O r =* 3(CH , ) s 0.2Si0*, is obtained in the prepara- 
tion of tetramethylic silicate when the methyl-alcohol used U not quite anhydrous : 
also by heating the. tetramethylic ether with wood-spirit containing the quantity of water 
required by theoiy for its production: 2(CH , )*SiO < + H l O == (CH^^STO* + 2(CH a )HO. 
It resembles the tetramethylic ether, has a specific gravity' of 1*1441 at 0°, and boils 
between 201° and 202*5. Vapour-density: obs. » 9*19; calc. «* 8*93, 
Methylsilicic Chlorhydrins , — These compounds are precisely analogous to 
the ethylsilicic chlorhydrins already described, and are obtained in like manner. 
They are limpid liquids, having an ethereal odour, burning with a green-edged flume, 
and diffusing white clouds of silica ; easily decomposed by moisture ; converted by 
wood-spirit into tetramethylic silicate. Their densities and boiling-points are exhibited 
in the following table : — 


Monochlorhydrin, (CH*)*ClSiO* . 

Dichlorhydrin, (OH a )*CRSiO* . . 

Trichlorhydrin, (CH a )Cl a SiO . . . 

Boiling-point. 

Specific 
gravity at 0°. 

Vapour-dentltjr. j 

h obi. 

calc. 

114*5°— 115*0° 
9H° -—103° 

82° —86° 

1*1954 

1*2595 

6*578 

5*66 

5*66 

5*42 

5*67 

6*73 


Methyl-ethylsilicic Ethers . — Thoso compounds are producod by the action of 
ethylic alcohol on the methylsilicic chlorhydrins. 

Ethyl-trimrt hylic Silicate, (CIF) , (C‘*II A >SiO , l is obtained, together with a small quan- 
tity of the following compound, by treating methylsilicic monochlorhydrin with 
excess of common alcohol. It boils between 133° and 136°. 

Diethyl-dimethylic Silicate, (CH*)*(U*H*)*SiO\ is obtained by the action of cthylio 
alcohol on m ethylsilicic dichlorhydrin, and by that of methylic alcohol on tetrethylie 
silicate. It is a liquid of specific gravity 1 004 at 0°, and boiling between 143° 
and 146°. Vapour-density: obs. = 6T78; calc. = 6233. 

Triethyl- m vt hylic Silicate, (CH s )(C a H s ) f SiO* r is obtained by the action of ethyl- 
silicic monochlorhydrin on methylic alcohol. It has a specific gravity of 0*981 at 0°, 
and boils between 165° and 157°. 

Dimethyl -diamylic Silicate , (CH*) 2 (C s II ,, ) , Si0 4 . — Produced by distilling 

methylsilicic monochlorhydrin with two -thirds of its weight of amylic alcohol. Boils 
between 225° and 235°. Decomposed by alcoholic potash, but not easily by alcoholic 
ammonia. 

SXXiXCXDEB, METALLIC. Silicon unites readily with aluminium, iron, zinc, 
platinum, and some other metals, but not with sodium, and apparently not with lead 
or potassium. Towards aluminium and zinc, silicon behaves in the same manner ns 
carbon to east-iron, dissolving in these metals when melted, and separating in the 
crystalline form ou cooling. 

Silicide of Calcium, probably CaSi 1 , is prepared by intimately mixing 300 grains 
of graphitoidal silicon with 3,000 grains of chloride of calcium in a but mortar, briskly 
agitating the mixture in a wide-a. outlied bottle with 350 grains of sodium cut into 
small pieces, and introducing the whole into a red-hot crucible, into which a little fused 
common salt has been previously thrown, and upon this a mass of sodium weighing 
350 grains. Tho whole is then covered with a layer of fused and pulverised chloride of 
sodium, the rover is put on, .and the fire is gradually raised to a temperature sufficient 
to melt cast-iron, at which it must be maintained for half an hour. On breaking the 
crucible when cold, the silicide of calcium is found (if the operation has been success- 
ful) in a well-fused button, which must be preserved in tightly-closed vessels. 

Silicide of calcium has a lead-grey colour, metallic lustre, and scaly crystalline 
structure with an indistinct indication of hexagonal plates. When exposed to the air, 
or thrown into water, it slowly crumbles down to a mass of graphite-like plates, with 
evolution of hydrogen. This disintegration is due to the hydration and oxidation of 
part of the calcium and silicon, the new products remaining mixed with some unaltered 
silicide. Fuming nitric acid does not attack silicide of calcium. Hydrochloric, acetic^ 
or dilute sulphuric acid converts it into a compound of silicon, hydrogen, and oxygen, 
called silicone or chryseone (p. 275). (Wohler, Ann. Ch. jPharm, cxxvii. 257.) 








m 8TLICn08, ORG ANIC—S ILICdlf. 

Silioide of Cerium, CeSi. — When a mixture of fluoride of potassium and oxide 
of cerium* fused in a porcelain crucible, ie subjected to electrolysis, silicidc of cerium is 
deposited at the negative pole together with potassium ; and on washing the deposit 
with water to remove the latter, the silicide of cerium remains as a brown powder, 
which is insoluble in acids, and burns with a reddish flame, leaving a yellow powder 
mixed with black particles. (tTlik, Zeitschr. f. Chem. [2] ii. 60.) 

Silicides of Copper. — These compounds possess great hardness, and become 
harder but less malleable as the proportion of silicon increases. A white copper- 
silicide, very hard to the file, is formed in the preparation of silicon by passing the va- 
pour of silicic chloride over sodium heated in copper troys. A copper silicide contain- 
ing 12 pt«. silicon to 88 pts, copper is obtained by fusing 3 pts. of potassicsilicofluoride, 
1 pt. sodium, and 1 pt. copper-turnings, at such a temperature that the melted metal 
is covered by a very fluid slag. The compound is white, brittle, and more fusible than 
silver. By fusing this silicide with a larger quantity of copper, a compound may be 
obtained containing 4 8 per cent, silicon : it has a fine light bronze colour, is as 
malleable as ordinary bronze, somewhat less hard than iron, and may be wrought like 
the latter, is very malleable, and may be drawn out into wire having at leaBfc as much 
tenacity as iron wire. (Deville and Caron, Ann. Ch. Pharm. ^civ. 232 ; Ann. Ch. 
Phys. [ 3 j lxyii. 455.) 

By precipitating cupric sulphate with siliciuretted hydrogen, a copper-silicido is 
obtained, ns a j^ark copper-coloured film, translucent with brownish colour when very 
thin. This compound is easily oxidisablc, being quickly converted, by exposure to the 
air at ordinary temperatures, into lemon-yellow cupnc silicate. Dilute nitric acid 
decomposes it immediately, separating metallic copper; hydrochloric acid dissolves it, 
with evolution of hydrogen and separation of silicic oxide. With potash-ley it quickly 
gives off hydrogen, and deposits coppor free from silicon ; it also gives off hydrogen in 
contact with umirioiiia. 

Silicidc of Iron. See Iron (iii. 334). 

Silicide of Magnesium. — The mass obtained by fusing together chloride of 
magnesium, chloride of sodium, silicofluorido of sodium, and metallic sodium, for tile 
preparation of siliciuretted hydrogen, contains, besides froo silicon, two silicides of 
magnesium, one of which gives off siliciuretted hydrogen when treated with aqueous 
sal-ammoniac or hydrochloric, acid ; whereas the other, when treated with hydrochloric 
mud, yields free hydrogen and hydrated oxide of silicon. (Wohler). 

Silicide of Manganese . See Manoanesb (iii. 816). 

Silicide of Platinum.- Platinum unites readily with silicon, forming a very 
fusible compound : hence, on fusing silicon in a platinum cniciblo lined with lime, care 
must bo taken to mako the lining very dense, as, if the silicon comes in contact with 
the platinum, the crucible will bo perforated. 

Silicidc of Potassium(?). — According to Borzolius, silicide of potassium is 
formed in the preparation of silicon by heating potassic silicoflnoride with 
potassium; but., according to Deville, the potassium is merely mixed with the free 
silicon. 

BILICIBX1S, ORGANIC. (Friedel and Crafts, Bull. Soe. Chim. 1863, p. 
468; 1865, i. 358.) — Sit icon- fifty f t ethyl ic silicide , or silicic ethide, Si(C 2 H fl ) 4 , and 
the corresponding methyl-compound , Si(CH*) 4 , are prepared by heating silicic chloride 
with zinc-ethyl and zinc-methyl respectively in sealed tubes. They are limpid liquids 
lighter than water, and burning with a bright flame, emitting white clouds of silica. 
They aro not attacked by potash or by ordinary nitric acid, but are decomposed, the 
methyl-compound with great difficulty, by heating with fuming nitric acid in sealed 
tubes. Their boiling-points and vapour-densities are as follows 

Vapour-deniltr. 

Obi. Calc. 

3*083 8*043 

6*13 4-99 


8X&ZCOrLVORIDB8« See Silicon, Fluoride of (p. 270). 

axucoir, or ssuoxm Atomic weight, 28 ; Symbol, Si.— This element, though 
very abundant in nature, is never found in the free state, bub always in combination, 
either with ox vgen alone, as silica (p. 240), or with oxygen and metals, forming silicates. 
Silicon is obtained in the free state by the action of reducing agents on the chloride 


Boiling-point*. 

Si(CIP)* 30° — 31° 

Si(C a IP) 4 152° — 164° 

BX&XOXtmC. Syn. with Silicon. 



SILICON, OR 


SELICIUM. 


or fluoride, and, like boron, assumes the amorphous* graphito’idal, or erystalliue state, 
according to the mode of separation adopted. " * 

1. Amorphous Silicon. — This is the form in which silicon wasfl^pt isolated by Berzelius 
(in 1823). It is obtained by heating dry potassic silicofluoride in a glass or iron 
tube, with eight or nine-tenths of its weight of potassium, or sodic silicofluoride with 
half its weight of sodium. Fluoride of potassium or sodium is then formed, and silicon 
is set free : 

2KF.SiF 4 + 2K a - 6KF + Si. 

The mass when cold is treated with cold water as long as the wash-water exhibits 
any alkaline reaction, then with boiling water as long as anything is dissolved. Silicon 
may also be prepared by passing tho vapour of silicic chloride over potassium or 
sodium heated in procelain trays in a glass tube, which it is best to protect by lining 
it with thin plates of mica. — Amorphous silicon is likewise obtained by electrolysing 
a fused mixture of silicofluoride and fluoride of potassium; it may bo purified from 
potassium deposited at the same time by washing with sulphuric acid. (Ulik.) 

Silicon thus obtained is a dull brown powder, heavier than water, and insoluble 
therein. It is a non-conductor of electricity; soils the fingers when touched; is not 
acted upon by nitric or sulphuric acid, but dissolves easily in hydrofluoric acid and ill 
warm aqueous potash. When heated in a non-oxidising atmosphere tea temperature 
between the melting-points of steel and cast-iron, it fuses ; but when heated in uir or 
oxygen-gas, it burns brilliantly, and is converted into silica, which melt* from the 
intense heat, and forms a sui>erficial crust over the unbum t. silicon. 

2. Graphitmdal Silicon . — When amorphous silicon is strongly heated in a platinum 
crucible, it shrinks together, becomes much denser and darkor in colour, and much 
less oxidisable (Berzelius). A Hitnilar modification of silicon was obtained by 
Devil le in preparing aluminium by tho electrolysis of sod io- alum inic chloride (i. 152). 
Tho first portions of aluminium thus obtained are contaminated with silicon derived 
from the charcoal electrodes ; and when this alloy of silicon and aluminium is treated 
with hydrochloric acid, the silicon remains undissolved in the form of shining metallic 
scales resembling graphite. A more productive method of obtaining this variety of 
silicon is given by Wohler (Compt. rind. xlii. 48). It consists in mixing aluminium 
with between 20 and 40 times its weight of silicofluorido of potassium, and heating 
the mixture in a Hessian crucible to the melting-point of silver. A metallic button is 
thus obtained, which, when treat id successively with hydrochloric and hydrofluoric 
acids, yields graph it (Vidal silicon, partly in isolated hexagonal tables, tho edges of 
which are often curved. Another mode of preparation is to fuse 1 pt. of nlumininm 
with 5 pts. of glass free from lead, and 10 pts. of powdered cryolite, and treat the 
mass first with hydrochloric, then with hydrofluoric acid. Graph ito'idal silicon 
exhibits all tho properties ascribed by Berzelius to silicon which has been strongly 
heated. Its density is 249 , which is less than that of quartz (from 26 to 2 8), It 
may be heated to whiteness in oxygen-gas without burning or undergoing any altera- 
tion in weight ; but when heated to redness with carbonate of potassium, it decom- 
poses the carbonic acid, with vivid emission of light and formation of silica. With 
nitrate or chlorate vf potassium , it may bo fused at a red heat without alteration, but 
at a white heat it bums brilliantly ; the oxidation is greatly facilitated by the addition 
of a little carbonate of potassium. It is not attacked by any acid, except ing a raixturo 
of nitric and hydrofluoric acids. A strong solution of potash or soda dissolves it 
slowly, with evolution of hydrogen. Heated to commencing rednoss in dry chlorine 
ga*> it burns completely ana forms chloride of silicon. 

3. Crystalline or Adamantine Silicon. — a. When silicon is heated in a platinum 
crucible lined with lime, to a temperature between the melting-points of steel and cast- 
iron, it melts to dark steel-grey globules, which frequently show well-marked signs of 
crystallisation, and sometimes yield the silicon in double six-sided pyramids. (Devi lie, 
Ann. Ch, Phys. [3] xlix. 68.) 

0 . When vapour of silicic chloride is passed over aluminium kept in a state of 
fusion in an atmosphere of hydrogen, part of the aluminium is converted into chloride, 
which volatilises, and the silicon thereby separated dissolves in the remaining alumi- 
nium, which thus becomes more and more saturated with silicon ; and at length a 
point is obtained at which the excess of silicon separates from the melted aluminium 
m large beautiful needles, having a dark iron-grey colour, reddish by reflected light, 
and exhibiting iridescence like that of iron-glance. These crystals appear to be 
derived from a rhombic octahedron, and often, like the diamond, exhibit curved faces. 
They are very hard, and capable of scratching or cutting glass (Deville). An easier 
method of obtaining crystallised silicon is to introduce into a red-hot earthen crucible 
a mixture of 3 pts. potassic silicofluoride, 1 pt. of sodium in small pieces, and 4 pts. 
of granulated zinc. The mixture must be kept at a red heat, but below the temperature 
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required to volatilise the erne, tiU the slag is completely melted; then left to cool 
slowly. The mass of zinc thus obtained contains long needles of silicon formed of 
octahedrons (? rhombic) inserted one into the othef. much of the zinc may be 
extracted by partial fusion at a low temperature, and the zinc which runs from the 
pasty mass, in which' the' silicon is retained, maybe employed again m a similar 
operation. The zinc, which still adheres to the silicon, may be removed by digestion, 
first in hydrochloric, and afterwards in boiling nitric acid. If a very high temperature 
be employed in the operation, the whole of the zinc may be expelled, and the silicon 
obtained in the fused state. Deville and Caron have in this way fused several 
hundred grammes of silicon under a layer of potassic silicofluoride, at a temperature 
near the melting-point of cast-iron, and have cast it into large cylindrical bars, 
without sensible loss by oxidation. These bars exhibited a brilliant surface, which 
was not altered by exposure to the air (Ann. Ch. Phys. [3j lxiii. 26 ; lxvii. 441) ; see 
also Bobbins ( Chem . News, v. 102). 

snzcov, SSOMZBll or. Si Brt — This compound, discovered by Serullas, is 
.produced by passing bromine-vapour over an intimate mixture of silica and charcoal, 
heated to redness in a porcelain tube : it is purified by agitation with mercury, and 
distillation. Colourless liquid, of specific gravity 2*813, and having a pungent odour. 
It solidifies at 12 ° to 16° to an opaque, white, slightly nacreous mass; boils at 
153*4° (under a presstiro of 762 mm.), fumes very strongly in moist air, and in contact 
with water is immediately resolved into hydrobromic acid and gelatinous Bilica. 
Heated with potassium, it decomposes with detonation. 

Silicohydric Bromide, Si s H 4 Br ,# =* 3SiBr 2 .4HCl, is obtained by passing 
hydrobromic acid gas over ignited crystalline silicon, and passing the evolved vapours 
through a U-tubo, cooled with ice and salt. When purified from free bromine by 
agitation with mercury, it is a colourloss liquid, of specific gravity about 2*5; it fumes 
strongly in the air, and is iiistantly decomposed by water, yielding hydrobromic acid, 
and the corresponding hydrated oxide, Si*Il 4 O s , which formB a film on the surface, and 
for a wliilo protects the remaining bromine-compound from further decomposition. 
(Wohler and Buff, Ann. Ch. Phurm. civ. 99.) 


SILICON, CHLORIDB OF. SiCl 4 . — This compound is formed when silicon is 
heated in chlorine gas ; but the best mode of preparing it is to mix finely-powdered 
silica to a paste with oil and charcoal, heat the mixture in a covered crucible, and 
ignito the charred mass in a porcelain tube, through which a current of chlorine is 
passed: 

SiO 2 + 2C1* + C 2 - 2CO + SiCl 4 . 


The product is received in vessels cooled by a freezing mixture. 

Chloride of silicon, or silicic chloride, is a transparent colourless liquid, of specific 
gravity 1*6237 at 0°. It remains liquid at — 20°, boils at 60° (Serullas). Vapour- 
density : obs. = 6*939 (Dumas); calc. *= 6*8906. The vapour has a suffocating 
odour, and reddens litmus. 

Chloride of silicon is quickly decomposed by water, yielding hydrochloric acid and 
silica, a considerable quantity of which remains dissolved if the water is in large 
proportion. Potassium , heated, in the vapour, decomposes it with separation of silicon. 
Pusod potassium dropped upon the liquid chloride causes an explosion. 

Silicohydric chloride, Si*H*Cl 10 *= 3SiCP.4HCl, analogous to silicohydric 
bromide, is prepared in like manner by passing hydrochloric acid gas over crystallised 
silicon heated to barely visible redness, and condensing the product in a U-tube cooled 
to 0°. It is a colourless very mobile liquid, of specific gravity 1*65, boiling at about 
42°. It fumes strongly when exposed to the air, depositing a white film on surround- 
ing bodies, and emitting a suffocating vapour. It is higmy inflammable, and burns 
with a greenish feebly luminous flame, depositing silica and emitting hydrochloric 
acid. The vaj>our mixed with oxygen explodes violently on transmission of an electric 
spark, depositing silica, and yielding hydrochloric acid and tetrachloride of silicon. It 
may be boiled over sodium without decomposition — hence it does not appear to contain 
ready-formed hydrochloric acid ; a similar observation applies to the bromide. When 
passed through a red-hot tube, it is resolved into a mixture of hydrochloric acid and 
the tetrachloride, whilst half the silicon is deposited in the form of a brown, amorphous, 
metallic-shining crust. Water decomposes it immediately, with great rise of tem- 
perature, forming hydrochloric acid and the corresponding hydrated oxide, called 
Uucons: Si'H'Gl 1 * + 6H*Q - Si’H'O* + 10HCL (Wohler and Buff, Ann. Ch. 
Pharm. civ. 94.) ' 

uuooar, BITBCTXON AND MTIMATXOir or. The methods of 
analysing compounds, in which silicon occurs as silicic acid, have been already 
detailed (p. 245). 



SILICON s' DETEOTiOlf AJfl) ESTIMATION. 

The chloride, bromide, andiodide of silicon ere completely decomposed hr 
jeater ; and on erapOTetwg.theJtouid to diyneea, the ifhole of theVeeulUng hydwchlori? 
hydrobromic, or hvdnodic e«d%oes of? end the silica remains, and miy be xreinhed 
The quantity of chlorine, &c. may also be directly determined by precipitation with 
nitrate of silver. r 


When fluoride of silicon is decomposed by water, part of the silica is proei- 
pitated, while another portion remains dissolved, as sUieofluoric acid : 2HF.SiF\ The 
precipitated silica is separated by filtration after addition of alcohol, and the 'silioo* 
fluoric acid may be completely precipitated from the filtrate by addition of chloride of 
potassium. The precipitated silicofluoride of potassium is collected on a filter, washed 
with a mixture of equal volumes of alcohol and water, then dried at 100 J , and weighed ; 
and the quantity of silicon (or the corresponding quantity of silica) contained in it 
is determined by calculation. As the liquid filtered froqi the precipitated silicofluoride 
may still contain silica (which in the precipitated state is somewhat soluble in water, 
p. 241), it must be evaporated to dryness, the residue digested with water, and the 
silica that remains undissolved, collected and weighed. 

Metallic silico fluorides are most easily analysed by heating them with strong 
sulphuric acid, whereby the whole of the silicon and fluorine are driven off in the form 
of silicic fluoride and hydrofluoric acid, while the metal remains as sulphate, which m«y 
be weighed, after the excess of sulphuric acid has been expelled by heat, aided, jf 
necessary, by addition of carbonate of ammonium ; the quantity of nietal thence 
determined, gives the quantity of metallic fluoride in the compound 2MF.SiI i ‘ 4 or 
M"F*.SiF 4 . 

If it be desired to determine directly the quantity of silicic fluoride, the silicofluoride 
may be decomposed by boiling it with a slight excess of sodic carbonate, whereby fluoride 
of sodium is formed, carbonic anhydride is evolved, and the metal of the silicofluorido 
is precipitated as oxide, mixed with the silica. These may be Beparatod by the usual 
methods, and the fluorine precipitated by chloride of calcium (ii. 674). The same 
method must be resorted to if the silicofluoride tc be analysed is in solution, or if it 
is mixed with other salts. (H. Koso, Chimie Analytique , ii. f&8.) 

The decomposition of silicofluorides by ignition does not yield very exact results ; for 
although the whole of the fluoride of silicon is ultimately expelled, and the metallic 
fluoride remains, the weight of the latter can seldom bo determined oxactly, becauso 
the escaping fluoride of silicon being decomposed by the moisture of the air, or by 
water evolved from the lamp or other source of heat, a deposition of silica takes place 
on the crucible, and increases its weight. (II. Rose.) 

Atomic weight of Silicon . — Berzelius regarded silica as a trioxido, SiO", and 
represented the chloride, bromide, &c. by the corresponding formulae, SiCl*, SiBr*, &c. 
L. Gmelin, in his Handbook (iii. 362), adopted for silica the formula SiO*, 
on account of the greater simplicity of the formula; which it yields for the com- 
pounds of silicon both natural and artificial. This view, which amounts to re- 
garding silicon as tetratomic, is corroborated by the vapour-densities of the chloride 
and fluoride of silicon, and by the composition of the silicic ethers (p. 263). The 
vapour-density of silicic chloride, as determined by Dumas, is 6*939, and that of the 
fluoride 3*60. Now if these compounds be represented by the tetratomic formulm 
SiCl 4 and SiF 4 [Si «= 28], their vapours will exhibit the normal condensation ta 
2 volumes, whereas the formulae SiCl* and SiF* [Si *=* 21] would represent a condensa- 
tion to l£ volume : thus— 


Chloride, SiCl* ; 

28 + 4 . 35*6 


00693 

- 6*8995. 

2 

x 

„ SiCl*; 

21 + 3 . 36*6 


0*0693 

- 6*8905. 

1*6 


Fluoride^ SiF* ; 

28 + 4 . 19 

2 

X 

0*0693 

- 3-604. 

„ SiF*; 

21 + 3*195 
1*5 

X 

0*0693 

- 8*604. 


The older numerical determinations of the atomic weight of silicon by Berzelius, de- 
pending on the analyses of certain silicates and of cast-iron containing silicon, did not 
yield accordant results. By the analysis of silicofluoride of barium (lOO pts. of the dry 
salt, decomposed by sulphuric acid, yielding 82*933 pts^sulphate of barium) Berzelius 
obtained Si (tetratomic) 27*64. More exact resulfatare obtained by decomposing 
chloride of silicon with nitrate of silver. Pelouze (Ail. Ch. Pharm. IvL 202) found 
that 3*686 pta. of silver dissolved in nitric acid, precipitated the chlorine from 1*464 
pts. chloride of silicon ; whence Si — 28*48. Dumas {ibid, cxiii. 31), from the mean 
of three experiment* conducted on the same principle, obtained the number 28*02. 


SILICON, JIUOK IDE OP. 

IZUOOVi VUOHM OF. SiF*. — A gaseous compound, produced whenever 
hydrofluoric acid comes in contact with silica or any silicious substance, snch me lass, 
and therefore also when a mixture of a, fluoride with silica or a silicate is heated with 
sulphuric acid. The reaction is, 

4HF + SiO* - 2H*0 + SiF 4 . 

To prepare it, powdered fluor-spar, mixed with sand or finely-pounded glass, is 
gently heated in a flask with strong sulphuric acid, and the gas is collected over mer- 
cury m dry glass jars. If the receivers are coated with a film of moisture, they become 
coated with an opaque deposit of silica, which cannot be removed. 

Fluoride of silicon is a colourless gas, having a specific gravity of 3-60, and a highly 

ra lt and suffocating odour, like that of hydrochloric acid. According to J. Davy, 
ens litm us-pa per oven when perfectly dry. It liquefies under very strong pres- 
sure (Farad ay), and solidifies at — 140° (Nat tare r). It is not inflammable, but 
extinguishes a lighted taper. It fumes strongly in the air, and is absorbed in largo 
quantity by water, which at the same time decomposes it into silica and siiicofluorio ' 
acid : 

3SiF 4 + 2H 2 0 = 2H 2 SiF* + SiO* 

Aqueous alkalis and alkaline earths either act like water, precipitating only one-third 
of tho silicon as silica, and forming a silicofluoride, | SiF*, as with potash ; or 

they preeipitato the whole of the silica, and form a metallic fluoride, as is the case with 
sodu. Many metallic oxides in the anhydrous state absorb gaseous fluoride of silicon, 
producing heat and sometimes even flame, and apparently forming a mixture of silica 
and metallic fluoride. — Burnt lime, immersed in tho gas, becomes red-hot throughout 
its whole mass. — Potassium, at ordinary temperatures, acts but slightly on the gas; 
but if heated till it melts, it. blackens, and burns with a dark-red flame, absorbing a 
portion of the gas, and yielding a dark-brown brittle mass (Gay-Lussac and The- 
nar d). Sodium acts in a similar manner. 

Fluorido of silicon combines with twice its own volume of ammonia-gas , forming a 
volatile crystalline compound, 2NII 3 .SiF 4 , which is decomposed by water, yielding 
silica and a solution of fluoride and silicofluoride of ammonium (J. Davy) : 
2(2NII».SiF 4 ) + 2H>0 = 2VIVF + (NIP) 2 SiF* + SiO 2 . 

Absolute alcohol absorbs fluoride of silicon, forming a liquid called si li co- 
flu or ic or fluosilicic alcohol, consisting of a mixture of tetrethylic silicate 
and silieofluoric acid. To obtain a saturated solution, the alcohol must b© kept cool. 
(Knop and Wolf, Chem. Contr. 1801, p. 822 ; Jahrcsb. 1861, p. 207.) 

Silloofluorlo add, SiEt*F* — 2HF.SiF 4 . — An acid produced by the action of 
water on gaseous fluoride of silicon. To prepare it, the generating flask is fitted with 

a wide glass tube, dipping under 
Fig* 743. mercury at the bottom of a glass 

jar, os in Jig . 743. Water is 
then poured into the glass, and 
heat applied to the mixture in 
tho flask. The object of making 
tho end of the tube dip under 
mercury, is to prevent it from 
being stopped up by the deposited 
silica. Each bubble of gas, as it 
rises through the water, is de- 
composed, as above explained, 
into Bilicofluoric acid and free 
silica — the former dissolving 
while the latter is set free in 
the solid state, and forms 
a silicious envelope round the 
bubble as it rises above the 
surface of the mercury ; ul- 
timately, the liquid sets into a 
gelatinous mass. . When suffi- 
ciently saturated, it is separated 
from the silica by pressure be- 
tween linen, and finally by filtra- 
tion through paper. 

An easier method of obtaining the acid in large quantities is to dissolve silica in 
dilute hydrofluoric acid. 




saucmtJbftiDEs; m 

A Bateated solution of Bffioofluorie arid forms a very tout Aiming liquid, *U«h 
gradually evaporates at 40° m platinum vessels without leaving any residue. It does 
not attack glass except when evaporated upon it; in that case the fluoride of silicon 
goos off first, leaving hydrofluoric add, which corrodes the glass, and ultimately evano- 
rates also as fluoride of silicon. * * 

According toStolba (J. pr. Chem. xc. 193), tho specific gravity of the aqueous 
acid increases regularly with its strength, as shown by the following numbers:— - 


Percentage of H 2 SiF* . • 0*5 1 15 2 6 10 

Specific gravity at 17*5° . * 1*0040 1*0080 1 0120 1*0161 1*0407 1*0834 


Sllleofluortaes. 2MF.SiF\ or M'T*.SiF 4 . — These salts are produced : — 1. By 
dissolving a metallic oxide, hydrate or carbonate (or, in the case of iron or sine, 
the simple metal) in silicofluoric acid till* tho liquid is nearly ant umted, — when, if the 
compound is not insoluble, it is separated on evaporating the liquid in a platinum- 
vessel. If it gelatinises from excess of silica, a small quantity of hydrofluoric acid 
must be added, and this, on further evaporation, volatilises with the silica in the 
form of silicic fluoride. — 2. By the action of silicic fluoride on metallic fluorides (either 
dry or iu solution), which readily absorb the gas : or on metallic oxides or carbonates 
slightly moistened with water. In the latter case a portion of tho silicon is separated 
in the form of silica. 

Most silicoftuorides are easily soluble in water; only those of sodium, lithium, 
barium, calcium, and yttrium, are sparingly soluble. The solutions frequently yield 
hydrated crystals. Many of these crystals lose their water by efflorescence on expo- 
sure to the air, and all of them undergo this change when heated. 

Tho silicoiluoridcs roddon litmus, and for tho most part have an acid and bitter taste. 
Itv prolonged ignition, they give up tho whole of tho fluoride of silicon, the metallic fluo- 
ride remaining behind in the puro slate.^ If they contain water, tho gaseous fluoride of 
silicon, as it escapes, is accompanied by a white sublimate in the form of minuto drops, 
which on exposure to moist air deposit silica. 

The silicofluorides, many of them at least, are resolved by ignition with potassium 
into silicon and fluoride of potassium, whilst the metallic fluorido previously in com- 
bination with the fluorido of silicon, either remains unaltered, or gives up ilA fluorine 
also to the potassium. The action of iron at a red heat is similar to that of potassium 
(Berzelius). With oil of vitriol, tho si I ico fluorides at first evolve gaseous fluoride of 
silicon with effervescence; then, at a temporature which, in the cose of tho calcium and 
barium-compound, exceeds 100°, anhydrous hydrofluoric acid is evolved. Hydro- 
chloric and nitric acids expel only a part of the hydrofluosilicic acid. Tho silicofluo- 
rides are decomposed by excess of alkali, silica being proeipitated, and a metallic 
fluorido remaining in solution : c.g . — 


2KF.SiF 4 + 4KHO « SiO> + 6KF + 211*0. 

Silicojluorides of the Alkali-metals. — Tho ammonium-salt , (NH 4 )*SiF* » 
2NH 4 FJ3iF\ is produced by neutralising silicofluoric acid with ammonia, avoiding an 
excess. The filtered liquid yields the salt by spontaneous evaporation, in laige, trans- 
parent, shining, four- or six-sided prisms, containing water of crystallisation. 

The lithium-salt , 2LiF.SiF\ crystallises from solution in silicofluoric acid in small 
transparent grains, which under tho microscope present tho appearance of six sided 
prisms. It has a slightly acid and bitter taste, melts at a red heat, and obstinately 
retains its fluoride of silicon. Pure water dissolves it very slowly ; acidulated water 
more readily. 

The potassium-salt , 2KF.SiF 4 , is obtained as a transparent gelatinous precipitate, 
when silicofluoric acid is added to any salt of potassium ; when dry it forms an earthy- 
looking powder. It is one of the least soluble of the potassium-salts, and consequently 
silicofluoric acid is often used to precipitate potassium from the solutions of its salts; 
in this manner chloric acid is sometimes prepared *from chlorate of potassium. 
According to Stolba (J. pr. Chem xc. 193J, it has a specific gravity of 2-6649 — 
2*6655 at 17*5°, and dissolves in 833*1 pts. of water at that temperature, and in 
104*8 pts. at the boiling heat. It is inaolublo in alcohol. The salt melts at a low red 
heat, and boils at a higher temperature, slowly evolving gaseous fluoride of silicon. 
Heated with potassium, it yields silicon and fluoride of potassium. 

The sodium-salt, 2NaF.SiF 4 , resembles the potassium-salt, and is obtained in like 
manner. According to Stolba, it has a density of 2*7547 at 17*5°, dissolves in 
163*3 pts. water at that temperature, And in 40*66 pts. at its boiling heat (101°). It 
has a gnat tendency to form supersaturated solutions, and may be used as a test for 
potassium-salts when the solutions of the latter are not too dilute. The solutions 
of the potassic and sodic silicofluorides, when slowly evaporated, deposit the salts in 
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rlngsbaped crusts on the side of the vessel (Stolba). T be sodium-salt is insoluble 
in alcohol, whether strong or dilute, 

Bilicofluorideg of the Earth-metals. — The barium-salt, Ba"F*.8iF 4 , isproduced 
on adding silicofluoric acid to a soluble barium-salt, and is quickly deposited in 
microscopic crystals, insoluble in excess of the acid. It is decomposed by ignition, 
fluoride of silicon going off and fluoride of barium remaining. — According to 
Fresenius (Ann. Ch. Pharm. lix. 117), it dissolves in 3,802 pts. of pure water, and 
in 733 pts. of water acidulated with hydrochloric acid. — The strontium-salt separates 
from a solution of strontium -carbonate in silicofluoric acid, on evaporation or 
cooling, in short hydrated rhombic prisms, with dihedral summits resting on the acute 
lateral edges. It is much more soluble than the barium-salt, so that silicofluoric acid 
may be used to distinguish barium from strontium in solution. — The calcium-salt 
crystallises in four-sided obliquely truncated prisms, which are decomposed by water, 
yielding on the one hand an insoluble residue of silicon and fluoride of calcium, and 
on the other silicofluoric acid, by which the remainder of the silicofluoride is dissolved, 
without decomposition (Berzelius). — The qludnum-salt is easily soluble in water, 
and if the solution contains excess of acid, it remains, after the volatilisation of the 
latter, in hard white masses resembling porcelain (Berzelius). — The magnesium-salt, 
Mg"F*.8iF 4 , is a transparent, yellowish, gummy mass, easily soluble in water (Ber- 
zelius). — The yttrium-salt is insoluble in pure water, but soluble in water containing 
hydrochloric acid, and separates on evaporation (Berzelius) ; decomposed by evapora- 
tion (Popp).— The zirconium-salt forms whitepearly crystals, very soluble in water; the 
solution becomes turbid on boiling, but the greater part of the salt remains dissolved. 

Silicojluoridcs of Heavy Metals. — Antimony-salt. Asolution of antimonious 
oxide in silicofluoric acid crystallises by slow evaporation in prisms, which crumble to 
powderwhen dried in the air, and dissolve readily in excess of the acid (Berzelius) 
The cadmium-salt forms long, transparent, efflorescent prisms, very soluble in water. 
(Berzelius.) 

Chromic salt. — Asolution of chromic oxide in silicofluoric acid, yields by evaporation 
a transparent, green, amorphous, deliquescent mass, which, if it contains excess of 
acid, swells up in tho fire like alum, and again deliquesces on exposure to tho air. 
(Berzelius.) 

Cohalt- salt, Co"F 2 J5iF 4 .7H®0. — Pale-red rhombohedrons, easily soluble in water. 
(Berzelius.) 

Copper-salts — The cuprous Balt, 2CuF.SiF 4 , is copper-coloured, resembling 
cuprous fluoride, and behaves like the latter when exposed in the moist stato to the 
air. When somewhat strongly heated, it melts, and gives off fluoride of silica with 
ebullitions. (Berzelius.) 

Cupric Silicofluoride is obtained by spontaneous evaporation of a solution of 
enprie oxide in silicofluoric acid, in transparent octahedrons and hexagonal prisms, 
containing Cu"F u .SiF 4 .7B[ 2 0, which effloresce in the air, becoming light-blue and 
opaque, and giving off 2 at, water, and are easily soluble in water. (Berzelius). 
Knop and Wolf prepare this salt by adding precipitated cupric oxide in slight excess to 
fluosilicic alcohol (p. 270), diluted with 3 or 4 times its volume of absolute alcohol. 

A pale-blue crystalline powdor is thereby produced, the filtered aqueous solution of 
which contains pure cupric silicofluoride, and yields, with potassium and barium-salts, 
precipitates having the usual composition of the silicofluorides, M*F.SiF*. But by 
adding precipitated cupric oxide to fluosilicic alcohol diluted with eight times its 
volume of water, and heated to 80° — 60°, a solution is obtained, which yields by 
double decomposit ion, compounds containing silicon and fluorine, but of more complex 
constitution than the ordinary silicofluorides. — Another scries of fluosilicic compounds 
is obtained by decomposing the solution of cupric silicofluoride, or of tho copper-salt 
last described, with zinc or iron. The zinc or iron-salt thus obtained yields, by double 
decomposition, tho third serieS of Balts just mentioned. (Knop and Wolf, Jahresb. 
1861, p. 207.) \ v > 

Silicojluoridcs of Iron. — The ferrous salt, Fe'T’.SiF 4 , is obtained by spontaneous 
evaporation of a solution of iron in silicofluoric acid, in pale bluish-green six-sided 
prisms, very soluble in water. — The ferric salt, 2Fe"'F\3SiF l , remains on evaporating 
a solution of ferric hydrates in Bilicofluoric acid, as a yellowish jelly, which dries up to 
a t £J ns P arent pommy mass, completely soluble in water. (Berzelius.) 

The lead-salt, PV'F-'.SiF 4 , dries up to a translucent gum, which tastes like other 
lead-salts, and redissolves completely in water. (Berzelius.) 

The manganous salt, Mn*F*.SiF *.711*0, crystallises from a very Btrong solution in 
long regular six-sided prisms, or by Blower evaporation in shorter prismB and rhombo- 
hedrons, . It has . a very light-red colour, and is easily soluble in water. When 
distilled, it first gives off its 7 at. water, and then gaseous fluoride of silicon. (Ber- 
zelius.) 
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Stlicojluorides of Mercury . — The mercurous salt, 2HgFJSiF 4 , formed by digesting 
recently precipitated mercurous oxide with silicofluoric acid, separates on evaporation 
in small crystals, sparingly soluble in water. — The mercuric salt-, HgT*SiF\ 
obtained by dissolving mercuric oxide in the acid, forms small pale-yellow needles, 
which when distilled give off first gaseous fluoride of silicon, then mercuric fluoride. 
They dissolve completely in acidulated water, but are decomposed by pure water, 
yielding an acid solution and an insoluble basic salt. (Berzelius.) 

Silicoji uoridcs of Molybdenum . — A solution of molybdous hydrate in excess of 
silicofluoric acid dries up when hoatod to a black neutral compound, which redissolves 
in the aqueous acid. — A solution of molybdic hydrate in silicofluoric acid acquires 
a bluish tinge when left to evaporate, and yields a black uncrystallisable mass, from 
which water dissolves out the blue salt, leaving the neutral compound in the form of a 
jet black powder. 

The yellowish solution of molybdic trioxide in silicofluoric acid leaves, when 
evaporated, a lemon-yellow opaque substance, which redissolves for the most part in 
water. (Berzelius.) 

riatinic Silicojluoride. — The yellow solution of platinic hydrate in silicofluoric acid 
dries up to a yellowish-brown gum, which partly redissolves in water, leaving a brown 
basic salt. (Berzolius.) 

Silver-salt , 2AgF.SiF*. — A solution of silver-oxide in silicofluoric acid yields deli- 
quescent granular crystals. Ammonia added to the solution throws down a light- 
yellow basic salt, which, when treated with excess of ammonia, is converted into silicate 
of silver, (Berzelius.) 

Stannic Silicojluoride, SnF 4 .2SiF 4 , crystallises in long prisms, very soluble in water. 
(Berzelius.) 

Uranous Silicojluoride is obtained as a pale-green gelatinous precipitate on adding 
silicofluoric acid to uranous chloride. When heatod in a tube, it yields water, hydro- 
fluoric acid, and sublimed silica. (Ham mol sb erg.) 

Vanadic Silicojluorides. — The blue solution of van ad ic dioxide in silicofluoric 
acid leaves, when quickly evaporated, a blue substance, which, at a moderate heat, 
swells up to a palo-blue porous mass. The solution, if left to evaporate spon- 
taneously, turns green, and leaves a syrupy liquid containing crystals. — Vanadic 
trioxide forma with silicofluoric acid a red solution, which leaves on evaporation ah 
orange-yellow mass, only partially soluble in water. (Berzelius.) 

Silicojluoride of Zinc.-— A solution of zinc-oxide in silicofluoric acid yields, by evapo- 
ration at a high temperature, three- and six-sidod transparent colourless prisms, 
containing Zn"F*SiF\ permanent in the air, and very soluble in water. (Berzelius.) 

BXX.XC01T, HTDRZDII OP. Sill (?). Silicic Hydride , Hydric Silicide , Silici- 
untied Hydrogen. (Wohler and Buff, Ann. Ch. Pharm eii. 128 ; ciii. 218 ; civ. 94; 
evii. 112; Janresb. 1857, p. 168; 1858, p. 142.) — Silicon forms with hydrogen a 
gaseous compound, which is not known in the pure state, but is obtained, mixed with 
a large quantity of free hydrogen, when a wire or plato of aluminium containing 
silicon is connected with the positive pole of a voltaic battery (a Bunsen's battery of 8 
to 12 cells), and made to decompose a solution of chloride of sodium. The aluminium 
then dissolves as chloride, a considerable quantity of gas is evolved at its surface, and 
many of the gas-bubbles, as they escape into the air, take tire spontaneously, burning 
with a white light, and diffusing a white fume. The formation of the siliciuretted 
hydrogen appears to be due to a secondary action accompanying the electrolysis of the 
Baline solution. The aluminium forming the positive pole of the batteiy combines with 
the chloriue and dissolves ; but the quantity of aluminium removed is about one-fourth 
greater than that which is equivalent to the quantity of chlorine eliminated from the 
solution. This excess of aluminium is found to be removed in the form of alumina, 
formed by the combination of the metal with oxygen thrived from the water. The 
equivalent quantity of hydrogen is of course set free, and part of it enters into combi- 
nation with the silicon contained in the aluminium. 

' Siliciuretted hydrogen is likewise produced in the decomposition of certain metallic 
silicides by hydrochloric acid, and by the action of heat on the hydrates of silicon. 
The best alloy for preparing it is a silicide of magnesium, obtained by intimately 
mixing 40pts. of fused chloride of magnesium, 35 pts. dried silioofluoride of sodium, and 
lOpts. fused chloride of sodium, stirring the mixture in a warm dry tube with 20 pts. of 
sodium in small fragments, throwing the whole into a red-hot hessian crucible, which 
is to be immediately covered, and heating it till the vapours of sodium cease to burn. 
The greyish-black ^coriaceous mass thus produced contains, according to W5hler, two 
silicides of magnesium, one of which, when treated with hydrochloric acid or solution 
of sal-ammoniac, gives off siliciuretted hydrogen, while the other yields with hydro* 
chloric acid nothing but free hydrogen and hydrated oxide of silicon. 

Vol. V. T 
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To obtain tl»o cm, the coarsely pulverised mass is introduced, into a two-nee* ed 
bottle, one tubulure of which is fitted in the straight fann el- tube reaching to the bottom, 
while the other is provided with a gas-delivery-tube- ■ The bottle is filled up with de- 
aerated water, and the deli very -tube is made to dip under water m the pneumatic trough, 
care being taken that not a bubble of air shall remain either in the bottle or in the 
tube. Strong hydrochloric acid is then poured in through the funnel-tube, and the 
give, which is rapidly evolved, is collected in a glass jar filled with de-aerated water. 
The froth which passes over with it quickly subsides, so that the pure gas may be 
transferred into another receiver, and dried, if necessary, over chloride of calcium. 

Siliciuretted hydrogen mixed with free hydrogen is a colourless gas, insoluble in 
pure de-aerated water and in salt water ; but over water containing air it is decom- 
posed, forming white clouds of silica, and losing its spontaneous inflammability. If it 
be passed info the air in single bubbles, each bubble takes fire spontaneously, and with 
fix plosion, burning with a white /fame and separation of silica, which rises in beautiful 
rings, often coloured brownish by admixture of amorphous silicon. When set on fire, 

' as it issues from a tube, it burns with a brilliant white flame. On opening a glass 
jar filled with it in the air, it takes fire, the flame gradually passing down the jar, the 
inner surface of which becomes coatod with brown silicon. 

The gas, when heated by itself, is decomposed into amorphous silicon and free hy- 
drogen, and at the same time increases in volume, showing that the hydrogen in the 
compound is in a condensed state. It has not been analysed quantitatively. A 
piece of porcelain, introduced into the flame becomes coated with brown silicon; 
and, on passing the gas through a glass tube heated to low. redness, the interior 
becomes coated with a dark-brown opaque mirror. The gas is easily decomposed by chlo- 
rine. It is not altered by dilute hydrochloric or sulphuric acids. When shaken up with 
potash-icy, it is decomposed with increase of volume; soda and ammonia do not appear 
to act upon it. From a solution of cupric sulphate, siliciuretted hydrogen imme- 
diately precipitates silieide of copper (p. 265); from nitrate of silver it throws down 
gny metallic silver mixed with a black substance, probably silieide of silver; from 
chloride of palladium it throws down black -grey metallic palladium, free from silicon. 

It does not precipitate acetate of lead or chloride of platinum. 

SIUCOV, XODZD98 OX*. The iodide of silicon, corresponding to the tetra- 
chloride, has not been obtained: silicon does not unite diroctly with iodine. 

Iodide of Silicon and Hydrogen , 8i s H 4 I 10 , is obtained, like the corresponding chlorine 
and bromine compounds (pp. 267, 268), by passing hydriodic acid gas over heated crys- 
talline silicon, and collects at the colder end of the condensing-tubeas a dark-red brittle 
mans, which fuses readily, and solidifies in the crystalline form on cooling. At a stronger 
heat it boils, and distils without decomposition. It fumes strongly in tho air, assuming 
at first a bright Vermillion colour, but ultimately becoming snow-white. In water it 
immediately becomes vermillion-colonrod, but is only slowly decomposed. Sulphide 
of carbon dissolves it in large quantity, forming a blood-red solution, which, when 
concentrated in a retort, deposits the compound on cooling in dark-red crystals. 
Caustic soda-solution dissolves it, with evolution of hydrogen. (Wohler and Buff, 
Ann. Ch. Pharm. civ. 09.) 

8XX.XOOXT, NITRIDB OP. (Deville and Wohler, Ann. Ch. Pharm. civ. 
200 ; cx. 248.) — Obtained by the action of ammonia on silicic chloride, and by exposing 
crystalline silicon to an intense heat in nitrogen gas or atmospheric air. Its composi- 
tion has not been ascertained. It is a white amorphous mass, infusible and unalterable 
at tlio highest temperatures, and not oxidised even by ignition in contact with the air. 

It is not acted on by uny acid except hydrofluoric acid, which dissolves it with forma- 
tion of sili cofluoride of ammonium. When strongly ignited in a stream of aqueous 
vapour and carbonic auhydride, it is decomposed, yielding carbonate of ammonium ; it 
likewise decomposes slowly in moist air, as indicated by the odour of ammonia which it 
evolves. Aqueous alkalis do not act upon it, but when fused with hydrate of potassium, 
it forms silicate of potassium, with evolution of ammonia. When fused with carbonate 
of potassium, it yields silicate and cyan ate of potassium; also cyanide, if the nitride 
of silicon is iu excess. When heated with red oxide of lead, it reduces the lead with 
incandescence, and forms nitrous anhydride. 

SXliXCOIir, OX1DBS AVI) STBS A.TBS OX*. The only known anhydrous 

oxide of silicon is the diox ide or silica, SiO*, already described (p. 240). There is, 
however, a compound of silicon, hydrogen, and oxygen, Si*H 4 0*, which may be .sup- 
posed to contain the protoxide of silicon, SiO, and two others (p. 275), which may be 
formulated as hydrates of a tetrasilicic oxide— viz., Si 4 H*0* — 8i 4 0.2IF0. and 
Si'H'O* « Si 4 0.4H*0. 

a, Leucone, Si*H 4 0* - 38i0.2H 3 0. (Wohler and Buff, Ann. Ch. Pharm. dr. 

f 




J 01. — Wohler, ibid, cxxvii. 257.)— Produced by the action of water on the cone* 
spending chlorine or bromine compound (pp. 267, 268), also by the action of water on 
chryseone (tq/ra) under the influence of light. The best mode of pieparing it is to heat 
crystalline silicon to redness in a stream of chlorine, and pass the resulting vapour of aili- 
cohydric chloride into water. It must be washed with ice-cold water, strongly pressed 
between filtering-paper, and dried over oil of vitriol. As thus obtained, it is a snow- 
white, bulky, amorphous substance, which floats on water, but sinks in ether; by the 
action of water on chryseone, it is obtained in laminae having the form of the latter. It 
is permanent at ordinary temperatures, and may be heated to 300° without alteration ; 
but when more strongly heated out of contact with air, it gives off hydrogen, sometimes 
mixed with silieiuretted hydrogen. When heated in the air, or in oxygon gas, it glows 
with a bright light, and leaves silica coloured brown by amorphous silicon, if the supply 
of oxygen is limited. It is slightly soluble in water, but rho solution gradually decom- 
poses, giving off hydrogen gas. Caustic alkalis, even ammonia, and alkaline carbo- 
nates, dissolve it, with rapid evolution of hydrogen and formation of alkaline silicates. 
When recently prepared, it acts as a powerful reducing agent, separating gold and 
palladium from thasolutions of their chlorides, selenium and tellurium from selenious 
and tellurous acid, &e. In solution of silver-nitrate it immediately turns light- 
bro wn, and, on subsequent addition of ammonia, is converted into black silicate of silver. 

0. Chryseone , S^H'O* (?). Silicone * (Wohler, Ann. Ch. Pharm. cxxvii. 257 ; 
Jahresb. i863, p. 205.) — Produced by the action of strong hydrochloric acid on 
silicide of calcium (p. 265). Tho finely divided silicide is digested with fuming 
hydrochloric acid in a cooled vessel and in a dark place for several hours, till hydrogen 
is no longer evolved ; the liquid is diluted with 6 or 8 volumes of water, and filtered ; 
and tho washed residue is dried over sulphuric acid in a vacuum, and in tho dark. If 
the hydrochloric acid is not quite concentrated, the product is mixed with the following 
compound, y. 

Chryseone forms bright orange-coloured laminae, which are psoudomorphs after the 
crystalline silicide of calcium. It is insoluble in wuter, alcohol, tetrachloride of silicon, 
trichloride of phosphorus, and sulphide of carbon. When heated it becomes 
transiently darker, and at a higher temperature burns with a slight detonation and with 
scintillation, leaving silica coloured brown by amorphous silicon. When heated in a 
close vessel, it gives off hydrogon, likewise leaving silica and silicon. If mixed with 
the compound y, it detonates even when heated in a tube, and gives off spon- 
taneously intlummablc eiliciurclbnl hydrogen. Heated to 100°, by itself or with water, 
it slowly gives off hydrogen and becomes paler; heated to 190° with water, in a sealed 
tube, it is quickly and completely converted into laminar silica, while tho tube contains 
compressed hydrogon gas. In the dark it remains unaltered even when moist, in 
diffused daylight it becomes continually paler, mid in direct sunshine, even underwater, 
it is quickly converted into leucone, with evolution of hydrogen. It is not attacked 
by chlorine, fuming nitric acid, or strong sulphuric acid, oven whon heated. With 
hydrofluoric acid it becomes hot, turns white, and finally dissolves. By alkalis, even 
by very diluto ammonia, and more slowly by alkaline carbonates, it is converted, with 
rise of temperature and violent evolution of hydrogen, into silica. In presence of 
alkali it reduces the salts of several metals. In tho solution of n copper or silver-salt 
it quickly turns black; in chloride of gold, brown; from chloride of palladium, osmic 
acid, and chloride of gold, on addition of alkali, it throws down block or violet-block 
powders, probably silicates containing lower oxides of those metals. From a solution 
of lead-oxide in soda-ley, it instantly precipitates the lead as a grey mass. 

The results of the analysis of chryseone correspond partly with the formula fli 4 It*0*, 
partly w r ith Si*H*0*. According to the first formula, its formation from silicide of cal- 
cium may be represented by the equation ; 

2CaSi* + 4HC1 + 3H*0 - ♦ 3H* + 2CaCl* 

y. Si 4 H*O s . — Tlii s compound, containing 2H 2 0 more than tho preceding, is produced 
by the action of cold dilute hydrochloric acid on Silicide of calcium. It forms colour- 
less, transparent, nacreous laminae, which, after washing and drying in a vacuum, take 
fire spontaneously in contact with the air, and burn with flame, leaving brown 
silica. 

flZXIOOlT, 01&»rxra OF. The selenide of silicon, analogous to silica, is not 
known. A silicohydric selenide, analogous to the oxygen-compound last de- 
scribed, is produced by treating silicide of etdeium with a mixture of selenious and 
hydrochloric acids. It is a cinnabar-coloured substance, which smells of hydrio selenide 

* SMeomeH the name orMhtitllj* glren to this compound bjr W Shier. but it f« ohJertlonsMe In fEng- 
ll«h an tcniuut of Ite ewStartty to silicon* The name cMrpseome, indicating the colour of the compound, 
w M propoW by tit. WHor. 
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wbap diT, gin* off hydrogen in contact with ammonia, and '•tw*^)i*Ca«^jgto itself 
evolves hydric selenide and Selenium, without explosion. (W5hle|i| ■ 

SZUOOXTg mrsnifl OF* The disulphide, SiS* i% p^diu^ hy the 
action of carbonic disulphide on silica at high temperatures, or mono erniily by passing 
the vapour of carbonic disulphide'over a heated mixture of silica and carbon, prepared 
by moulding a mixture of silica arid lampblack with oil intd4>alls andignitmg them. 
The sulphide of silicon is deposited in the odder parts of the tube, in long, white, 
silky, flexible, asbestiforfh needles, which raiy be volatilised in a stream of gas. In 
contact with moist air, or when heated in aqueous vapour, it decomposes quickly into 
sulphydric acid and amorphous anhydrous silica. Which remains in the form of the 
sulphide . In water it dissolves completely, with evolution of sulphydric add, and the 
solution, left to evaporate in the air, deposits the silica as a transparent vitreous 
hydrate resembling opal Alcohol and ether act upon sulphide of silicon even in the 
cold, forming sulphuretted organic compounds. It is not decomposed by heating in 
hydrogen gas. Nitric acid decomposes it, with separation of sulphur, and formation of 
sulphuric acid and silica. (Fr6my, Ann. C h. Pliys. [3] xxxviii. 314.) 

Bilicohydrio sulphide, Si 4 H a O # , analogous to the oxygen -compound y, is pro- 
duced by the action of excess of aqueous sulphurous acid, mixed with a little hydro- 
chloric acid, on siiicide of calcium, and separates in reddish-brown land use, while the 
liquid, which is brownish at first, suddenly becomes milky from separated sulphur. 
When dried in a vacuum and freed from sulphur by sulphide of carbon, it forms a light- 
brown powder with a greenish tinge. It smells persistently of sulphydric acid, burns 
like gunpowder when heated in the air, and explodes ribljgltly when heated in a tube, 
with incandescence and evolution of sulphydric acid. Whda cautiously heated it gives 
off sulphydric acid, and the residue, which is no longer explosive, evolves more sulphy- 
dric acid in contact with water. With ammonia it rapidly gives off hydrogen, and is 
converted into a white mixture of silica and sulphur* (Wohler.) 

SXXiXCOXT, 8TT&PSOCBLOBXDXI Or. Si’S'Cl”? (Pierre, Ann. Ch. Pharm. 
lxix. 73.) — Obtained by passing a mixture of silicic chloride vapour and perfectly 
dry sulphydric acid gas through a red-hot porcelain tube, collecting the produ'et 
in a cooled U-tube, leaving the liquid to clarify, then distilling it, and collecting 
apart that which pusses over between 90° and 100°. It is a colourless, transparent, 
mobile liquid, having a pungent odour, boiling at 100°, and distilling without residue. 
Specific gravity = 1*45. It is decomposed by water, yielding sulphydric and hydro- 
chloric acids, silica, and free sulphur. 


8XX.XCOW, TBUtnuDas or. A sili cohydric telluride, analogous to 
the sulphur-compound above described, is produced by treating siiicide of calcium with 
a dilute solution of tellurous acid in hydrochloric acid. It is a greyish-black powder, 
inodorous after drying. When heated it gives off hydrogen and tellurium, without 
explosion, and leaves a shining black residue, probably telluride of silicon, which 
when treated with ammonia or soda-ley, gives off hydrogen and forms a purple-red 
solution of alkaline telluride. ( W d h 1 e r.) 

8XLXQUA 3M7X.CXS, the so-called St. Johria-bread , consists of the pods of Cera - 
tonia Siliqua (L.) t a tree indigenous in the South of Europe and the Levant. The 
kernels are enveloped in a sweet marrow-like substance, which has been analysed by 
Reinsch tJnlirb. pr. Pharm. v. 201) and More er (Pharm. J. Trans. 1857, p. 469/, 
with the following results t . 
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By fermenting the pods, Mercer obtained a quantity of 
fourth of their weight. Redtenbachewlbund butyrie acid L 
ip 1«0 ptMof the kernels, 8 pta. starch, 2 sugar, 

: ? matter, woody fibre, and other substal * * 


The fibKrtW substance in which the silkworm (i 
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tforf) ewgpfbpes fmkf to panning intothsehrywdis state. These Insects possess 

a glandular apparatus called the Sericteriutn, serving for the secretion of a peculiar 
juice, isdiSoharged in line threads, through two email apertures near the lower 
lip, and qhicJrfJ^soltdmes in contact with the air. The solidified fibre consists of a 
thread of sericin or fibroin (ii. 645; t. 236), coated with a yellowish waxy sub* 
stance, the removal ef which constitutes^ important part of the process of silk-dyeing 
(i. 603 ; Mi 952). * ^ 

Silk may be distinguished from cotton md linen ; — 1. By iff reaction with a concen- 
trated ammdniacal solution of nickel-oaefde, which dissolves it completely, forming a 
brownish-yellow solution, not precipitated by alkaline salts, -sugar, or gum ; acids, 
however \ precipitate the silk completely in colourless docks. Cotton, linen, and other 
forms of cellulose, on the contrary , are not altered even by several days' immersion in 
the nickel solution. Silk likewise dissolves in a concentrated ammoni&cal solution of 
cupric oxide , and is but incompletely or not at all precipitated therefrom by alkali -salts, 
sugar, gum, or acids : cellulose, on the other hand, is completely precipitated from the 
same solution by these reagents (Schlossberger, Ann. Ch. Pharm. evii. 21). — 2. By 
immersing the inline, for a few minutes, in a somewhat dilute solution of picric acid 
and then washing it carefully with water. Silk and other animal fibres are thereby 
turned yellow, whereas vegetable fibres remain white (Pohl, Wien, Akadt Ber. ix. 
386). strong, nifrin acid also turns animal fibres yellow, and doos not produce that 
effect on vegetable fibres. — 3. A solution of stannic chloride heated to 130° — 160° 
turns linen and cotton black* but does not alter the colour of silk or wool. This 
test is of course applicable only to light-coloured fabrics (Maumen£, Compt. rend. xxx. 
447). — On the silk manufacture, see Urds Dictionary of Arts, (fee., iii. 654. 

SXMXJiKJlirXTB. A silicate of aluminium, Al 2 0*.SiO*, identical in composition 
with cyanite and andalusite, occurring in veins in the gneiss of Saybrook, in Chester 
County, Connecticut, also? at Fairfield, in New York. It forms triclinio crystals, 
usually indistinct, but cleaving perfectly parallel to the m&crodiagonal ; occurs also 
compact or loose, fibrous and columnar massive. It is brown, yellowish-grey, or 
colourless, with Waxy lustre, vitreous on the cleavage-faces. Transparent to translu- 
cent on the edges only. Brittle. Hardness — 6 — 7. Specific gravity — 3’2— 3*3. 
Infusible before the blowpipe. Insoluble in acids (Dana, ii. 266). For analyses see 
Silicates (p. 255). 

liuchofzitc , from Chester County, Pennsylvania, and other localities in the United 
Slates, and FihrolUe , from the Carnatic, are fibrous varieties of tfillimanite, of greyish, 
whitish, and pale-brown eolour, with lustre approaching to adamantine. 


8X1V8R. Argent; Silber. Symbol, Ag; Atomic weight, 108. 

This metal is remarkable for its whiteness ; hence its Greek name Apyvpos from 
Apyas, white. It is harder than gold and softer than copper. Its lustre, when polished, 
is nearly as great as that of Hteel. Its malleability is inferior only to that of gold 
among the heavy metals ; it may be hammered into extremely thin sheet or silverdeqf, 
which is not more than ^*-^5 of an inch thick. It is also highly ductile, and may ba 


drawn into very fine wire, 400 feet of which weigh only one grain. By hammenng 
and drawing, however, it readily becomes brittle, and requires to bo more frequently 
annealed in working than gold does. 

Silver has great tenacity, a wire two millimetres (0*0t$7 inch) in diameter being 
capable 1 ' of supporting a load of nearly 85 kilogrammes (167 lbs.), that being the 
breaking weight. (See Baudrimont, Ann. Ch. Phys. [8] xxx. 304.) 

The specific gravity of silver Is 10 5, after being melted. (G. Bose.) Its density 
is increased to 10 5^ by the coining process. The specific gravity of the finely divided 
metal, obwatcl byyJreejpitaUon, is 10' 62. 

'hi 1 1 l,u IstklBiuS in forms belonging to the regular system, generally in cubes, 
some||p^mdifilM 6f the octahedron. 

silver, for electricity and heat is greater than that of any other 
metal. (See Mpctincrrr, if. 466 ; Mbtaj e iii* jJ36; and ante, p. 71)- It decreases with 
the tewperaippt* (See Wiedemann and Franz, Fogg. Ann. lxxxix. 4974 Buff, 
Jahiweb. 1847, p. ififi; Becquerel, Ann. Ch. Phys. [3] xvii. 242; Larigsdorff, 
Ann. Oh. 165£ Mat thiesen, Ppgg. Ann. oiii. 428; Benedict^ 

Abd. Ber^xAy. 590 ; Jacobi, Peterab. Acad. Boll. xvii. 321; Arndts*®, 
PqqP^finn. dy* 1 ; Clausius, ibid. p. 660). The specific heat of silrer is 0'0o701 
(B«fiiraiilt)i frOfifiOfr (Dilong and Petith^The latent heat of fusion is 21*07 
(Pmo«, % AiuL xxi ▼. 265). mRat melts at a white bealu the Um* & 

ot Jhmmseii estimated at 1000° (Pouijlet), 999° (Prii^fifc m& 
jUlM&Ouy ton - IjSp^feu). The melted metal giveS bff vapour to soifiiTiyiill at 
i^minpadius, J. pr. Cbcxa. xvi. 204 p J>e sprat s, Comptea 
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rend. Ixviii. 882). The metal is volatilised more readily in the ‘presence of arsenical 
and other vapours than when heated alone. 

Silver does not combine with oxygon at the ordinary temperature, or, under ordinary 
circumstances, when heated in contact with atmospheric air. When the metal is 
melted upon ignited charcoal under a jet of oxygen, it bums with a conical dame, 
yellow below, purple at the middle, and blue above, while vapours of silver oxide are 
produced (Vauquelin). Silver is also oxidised under the influence of the electric 
spark; and when pulverulent, it is converted into peroxide by ozonised oxygen 
(Schonbei n). When silver is melted in contact with alkaline or earthy silicates, it is 
oxidised to some extent and dissolved by the melted silicate. This is also the case 
when the finely divided metal is ignited with cupric oxide, or with arsenic or antimony: 
in the former ease, cuprous oxide is formed ; in the latter case, the silver-oxide com- 
bines with some arsenic or antimonic acid, and the more minutely the silver is divided 
the more readily does this oxidation take place. It is probable that silver is also 
oxidised to some extent in cupellation, and that the loss of silver experienced iq that 
operation is mainly due to oxiuution, the silver-oxide being in part volatilised, together 
with the lead fumes, and in part dissolved by the melted load-oxide, and absorbed by 
the cupel. 

Silver undergoes no change when heated in contact with melted alkaline nitrates or 
caustic alkalis, and for this reason silver crucibles are very useful in chemical opera- 
tions with those substances which react with platinum under similar conditions. 

When silver is kept melted for some time, at a high temperature, in contact with 
Atmospheric air, it absorbs oxygen gas, and holds it in solution until just before the metal 
begins to solidify on cooling. The gas is then suddenly disongaged with effervescence, 
and particles of the motal are liablo to be spirted or projected out of the crucible. 
Tiie presence of a small amount of copper in the melted metal provents the 
absorption of oxygen. Silver is capable of dissolving in this way 22 times its volume 
of oxygen. 

Silver combines readily with sulphur , selenium , phosphorus, and arsenic. It de- 
composes sulphuretted hydrogen even at the ordinary temperature, and the surface of 
tile metal becomes covered with a brown or black film of silver-sulphide. The dis- 
coloration of silver utensils and ornaments by exposure to the atmosphere generally 
consists in tho formation of such a film of sulphide or, in some instances, of phosphide. 
Such stains may be removed by moistening the surface with a solution of alkalino 
eyanido and then washing well with water. When tho discoloration is very consider- 
able, it may be removed by immersing the motal in a boiling saturated solution of 
borax or strong caustic alkali, and placing a plate of zinc in contact with it for some 
time (Bottgor, Dingl. polyt. Journ. cxliii. 404). When heat can be applied to 
tho discoloured metal, the silver-sulphide may be decomposed by heating it to redness. 
The best mode of preventing such discoloration of silver articles when not in use, is to 
wrap them in paper coated with white lead. 

Chlorine , bromine, and iodine combine with silver, even at the ordinary temperature. 
Hydrochloric acid in solution has but little action on metallic silver, unless it be heated 
to tho boiling-point with the very finely divided motal ; the gas is decomposed by silver 
at a rod heat, silver-chloride being formed. Under similar conditions the vapours or 
other chlorides are decomposed by metallic silver. Sodium- chloride ignited with pre- 
cipitated silver is decomposed, and the silver almost entirely converted into chloride ; 
hut when the metal is in large pieces, the formation of silver-chloride is merely super- 
ficial, unless the salt is molted, and, by the consequent solution of the chloride, a fresh 
surfiiee becomes exposed. Silver kept melted under sodium-chloride, gradually decreases 
in weight, owing to the formation of silver-chloride, and in two or three hours the loss 
may umotint to 2 or 3 per cent. (G. Rose). If alkaline carbonate be mixed with tho 
sodimn-chloride, this reaction is prevented. Aqueous solutions of alkaline chlorides 
gradually react with silver, producing silver- chloride, which dissolves in tho form of 
a double chloride. Solutions of cupric chloride and other chlorides convert silver 
into chlorido. 

Dilute sulphuric acid docs not react with silver, but Btrong sulphuric acid is decom- 
posed when heated with it, yielding silver-sulphate and sulphurous acid gas. Nitric acid 
reacts with silver, even at the ordinary temperature, dissolving it and yielding silver 
nitrate and nitric oxide. It is the best solvent of silver. 

The saline compounds of silver are mostly colourless, except when the el ecfcro-negatfrvie 
constituent they contain is coloured. Both the soluble and insoluble compounds of this 
metal are blackened by sunlight and decomposed, some silver being reduced. Most 
silver compounds are decomposed, with seduction of the metal, by the action of heat. 

Orenmnda-^ilver occurs both in the metallic state, and in combination, chiefly 
with sulphur* also with chorine, othersietflfck &e. Ores of other metals frequently 
contain silver (Malagut£ and Durocher^Coiupt. rood. xxlx. 659 ; Ann. Min. 
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[4] xvh. 245). It has also been detected in sea-water. (Ann. Cli. Phyu. [31 xxvii 
129.) 

Native Silver is sometimes crystallised in cubes, octahedrons, and related forms; 
sometimes in laminated or filamentous masses, and sometimes very minutely dissemi- 
nated throughout other minerals. It is very rarely pure, containing either gold, copper, 
or other metals. 

Silver-sulphide occurs as silver-glance, sometimes crystallised, but more frequently 
massive. It has a dark lead-grey colour, and may be cut with a knife. Its specific 
gravity is 7*196. It contains 87 per cent, silver. Silver-sulphide also occurs in com- 
bination with various other metallic sulphides, constituting a great number of minerals, 
in which tho amount of silver varies from 10 to upwards of 60 per cent. 

Silver-chloride occurs as horn-silver, both massive and earthy; sometimes crystallised. 
It has a pearl-grey colour, sometimes passing into lavender ; it is translucent, and very 
soft. Its specific gravity is 6*5 52. 

Among the other silver-compounds which occur as minerals, the iodide, bromide , 
sdivide, tdluridv, cintimonide, arsenide, and mercuride are met with less abundantly. 

Si/ver-ores occur almost exclusively in lodes traversing gneiss, mica-schist, grauwacke, 
clay slate, &o. They consist chiefly of metallic silver, silver-sulphide, and its various 
compounds (silver-chloride, arsenide, and an timonide), associated with lead and copper 
ores, blende, pyrites, spathic iron, brown haematite, earthy carbonates, heavy spar, 
quartz, &c. 

Besides what may be properly called silver-ores, galena and the different 
varieties of grey copper-oro {cuivrc gris ; fablers'), often contain such an amount of 
silver, that, from the greater value of tins metal, they must bo regarded as ores of 
silver as much as, or even more than, lead or cupper. Such ores frequently contain, 
in the ton, from 2 to 10 ounces of silver, sometimes upwards of 10(1 ounces. Pyritic 
and earthy minerals also frequently contain a small amount of silver, sufficient to 
render its extraction profttablo. 

Preparation . — Pure silver is best obtained by decomposing the chloride, the in- 
solubility of which admits of other metals being easily separated from it by washing 
with dilute acid and water. One of the most convenient methods is to cover the 
moist freshly precipitated chloride with d^ute sulphuric or hydrochloric acid, and then 
to place upon it pieces of sheet zinc or iron, leaving the whole at rest until the silver 
is nilucea to tlio metallic state. With zinc the reaction is represented by tho 
equation: 

2AgCl + Zn - ZnCP + Ag. 

When the reduction is complete, the spongy silver should be thoroughly washed 
with dilute acid and boiling water; then dried, and melted with sufficient alkaline car- 
l*on a to to cover tho surface of tho metal, and prevent contact with atmospheric air. The 
chloride may be mixed with about 70 per cent, of chalk and 4 per cent, of carbon, and 
gradually heated to a sufficient temperature Yor melting the reduced metal. 


Production op Silver on the large scale. 

Although silver-compounds are generally decomposable without difficulty by beat, 
with reduction of the metal, the extraction of this metal from its ores is not Dy any 
means so simple a matter as might be expected. This is chiefly owing to the circum- 
stance that argentiferous minerals, and even native silver itself, often occur minutely 
disseminated throughout a matrix of earthy minerals, or intimately mixed with com- 
pounds of other metals. 

Very rich silver-ores, containing from 90 to 50 per cent, of silver, may be smelted 
in crucibles with lead nr litharge, and proper fluxes for converting the earthy 
admixtures into slag. Ores containing 40 per cent, and less may be smeltod with 
granulated lead, litharge, or lead-ores in a small blast-furnace, or in a reverberatory 
furnace with a concave hearth forming a kin<fof crucible. Metallic iron is sometimes 
added when the ore contains sulphides. This method is practised to some extent in 
California and Nevada. 

Rich silver-ores are sometimes smelted by adding them in small successive portions 
to lead which is undergoing cupel 1st ion. 

Poor aigontifcrous ores which do not contain any Iat^C amount of other easily 
reducible metals, are smelted with iron pyrites sous to obtain a matt, consisting chiefly 
of iron-sulphide with some copper* and leadtsulphideg^and tibn tabling from 40- to 60 
ounces of silver in the ton. Such ores often contain. pj#lteu> IT they Witain too much 
they must be partially roasted, and eeritiy*dfes reqttfMfeyrites to be added. The 
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proportion of pyrites should he such that tile matt produced may amount to from 30 
to 60 per cent of the oro. The following table gives the composition of several pro- 
ducts of this kind: — 

Composition of Argentiferous Matts. 


I Analyst 


I Plattner. j 


Conrad. 


j Frltxache.} 


/ Iron . . , 

/ 67'333 

/ 64-268 

67-781 

/ 61041 

/ 66 610 

/ 65-620 

/ Lead . 

8863 

/ 6-828 

4-996 

3-660 

1 6-489 

' 6*460 

Copper . 

3-273 

I 5428 

4416 

3*326 

6-687 

4*000 

Zinc .... 

1-381 

3*633 

2*618 

0*667 

4174 

3*000 

Silver .... 

0151 

0*086 

0*086 

0*066 

0*200 

0-117 

Nickel .... 

0*516 

1*101 

1*312 

0*624 

0*525 

Antimony 

0*194 

0*274 

. 

| 0*683 


Arsenic 

1*243 

0*387 

0*240 

0-032 


Sulphur 

26*487 

27*042 

26*702 

27*652 

22*489 

19*963 

Silica .... 

• • 

• • 

* * 

• * 

2*666 


j.ne siivor is afterwards extracted from those matts by another operation. 

Lead-ores containing silver are smelted in the usual manner (see Leao, iii *481—626) 
and the silver is separated from the lead, either by cupellation, or by one of the other 
methods already describod under the head of Lkat>. 

Argentiferous copper-ores are also smelted in the same way as other copper-ores (see 
Copper, li. 24 32), and the silver is ext racted either from the matt or from the regulus 

by one of the methods described below. 

Separation of Silver from Copper by E/iquation (liquation ; Saigcrung).— This method 
is based upon tho fact that when argentiferous copper is melted with rather more tlmn 
throe times its weight of lead, the silver unites with the lead, and this alloy separates 
from the copper when the molted metal is gradually cooled. In practice the melted 
metal is cast into disc-shaped musses, about 2 feet diameter and 3 inches thick, in iron 
moulds so as to cool it rapidly. A number of these cakes are placed side by side on 
their edges in tho eliquation-hearth (aire de liquation; Saigerheerd), fig. 744, which has 
>j i4 two long cast iron plates 

feed above the open 
space M, and at a little 
distance apart. The 
cakes of metal are laid 
upon these plates, co- 
vered with iron plates 
(FF) and charcoal, and 
heated for some time to 
the melting point of lead. 
The alloy of lead and 
silver is thus melted, 
and gradually flows 
away through the open- 
ing between the plates 
from tho copper, which 

. # requires a much higher 

temperature for melting, and remains behind as a porous mass. The argentiferous 
eau falls into a gutter (a) on the floor of the open space M, and collects in the 
we r i, c ‘ ^ 13 afterwards submitted to cupellation to separate the silver. 

tie amount of silver in the copper to be treated by this method must not be less 
' an J \° ,n r 10 ounces per ton, nor more than 200 ounces per ton. A smaller 
amount of silver would not repay the cost of the operation, and a larger amount would 
1 * °3! y separated from the copper. The proportion of lead should not be 

less than from 30 to 32 lbs. to the ounce of silver. 

hod 13 ver y imperfect, since the copper always retains from 10 to 20 per 
an *^ a x J lu, I 1 ^ er °f bye-products are formed containing lead, copper and 

silver, which require further treatment e ^ 

Extraction of Silver by Amalgamation . 

Tho extraction of silver from its ores and from argentiferous product* of other 
metallurgical operations, is very frequently effected by a method baaed upon the easy 
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solubility of silver in njercury. This method was invented in Mexico by Bartholo- 
meo de Medina about the year 1557 ; and being specially suited to that country, by 
reason of its requiring very little fuel, it soon came into general use, and is now exten- 
sively practised, with various modifications and improvements, in all the stiver-producing 
countries of the Western Continent. 

The amalgamation of silver-ores differs from the amalgamation of gold-ores, which 
contain gold in the metallic state, in requiring a preliminary treatment of the ores for 
the purpose of bringing the silver they contain into such a condition that it can he 
dissolved by mercury . Silver-ores contain not only metallic silver, but silver-sulphide 
and other compounds which are not acted upon by mercury. Sii vor-chloride, however, 
is decomposed by mercury with formation of mercurous chloride: 

AgCl + Xlg » HgCl + Ag, 

Consequently the first step in the operation is to convert all the silver-compounds 
into chloride, 

1. Mexican method. — In the treatment of silver-ores by this method, silver-chloride 
is produced in the wet way by the reaction of cupric and ferric or ferrous salts with 
silver- sulphide, in the presence of sedi urn-chloride in excess. The precise nature of 
the reactions which take place is not well understood. When silver-sulphide is digested 
with solution of cupric or ferric chlorido, no reaction takes place ; but when it is mixed 
with cupric sulphate or ferrous sulphate and sodium-chlorido in the moist state, some 
silver-chloride is formed after a time (Kars ten). A solution of cupric chlorido with 
excess of sodium-chloride, digested with silver-sulphide for some days at the ordinary 
temperature, is gradually decolorised, and the products of the reaction are cupric 
sulphide with silver-chloride and cuprous chloride, which are partly dissolved by the 
excess of sodium-cliloride. Sulphur is also said to be separated (Bou ss ingault). In 
this case the reaction is probably as follows: 

6 18 S'.fi - 64 8 128 128,. SJ 

3Ag*S + 4CuCI a - GAgCl + 2CuCl + 2CuS + 8. 

Tho cuprous chlorido produced would, in the presence of sodium-chloride, be capable 
of converting a further quantity of silver-sulphide into chlorido as follows, being itself 
converted into cuprous sulphide : 

216 128 216 128 
Ag*S + 2CuCl - 2AgCl + Cu 2 S. - 

Tho production of cuprous chlorido may also bo determined by the presence of 
metallic silver in the ore by the following reaction : 

CuCl* + Ag - AgCl + CuCl. 

Hoat facilitates the production of chloride, and tho silver-sulphide is more readily 
converted into chloride when it is combined with antimoninl sulphide. 

In order to submit tli*» ores to this preliminary treatment, they are ground veiy flno 
with water in a mill resembling a porcelain mill. The sludgy rnHss is laid out on a 
paved floor in heaps called toria or montonr, upon which from I to 6 per cent, of 
common salt is sprinkled, and the whole well stirred together either with shovels or 
by treading under the foet of mules. Some days afterwards it is mixed with from 0*5 
to 1 per cent, of magistral , consisting essentially of cupric and forrous or ferric 
sulphates, and prepared by roasting cuprous pyrites. Sometimes roasted iron-pyrites 
is used, but a magistral containing copper is preferred. At this stage of the process 
chemical action takes place ; part of the sodium-chloride, reacting with the sulphates 
of the magistral, yields sodium-sulphate, with cupric and ferric or ferrous chlorides, 
which give rise to the formation of silver-chloride as above described. 

The decomposition of the silver-chloride is effected by means of mercury. The 
quantity employed for this purpose and for the actual amalgamation of the silver 
generally amounts to about six times the weight of the silver in the ore. It is added 
in three equal portions at intervals of 15 or 20 days, and is thoroughly incorporated 
with the mass of ore. The day after the first portion of mercury has been added, the 
mass is tested by washing a portion of it with water, to ascertain from the appearance 
of the amalgam whether the process is going on properly. It is essential to tho 
success of the operation that there should not be any cupric chloride remaining when 
the mercury is added to the heap, because the reaction which would take place between 
it and the mercury, resulting in production of mercurous chloride, would unnecessarily 
augment the waste of mercury. If the mercury appears very grey and much sub- 
divided, too much magistral has been used, and consequently the mass contains a 
large amount of mercurous chloride : in that case chalk is added. I f, on the contrary, the 
mercury is very brilliant and liquid, there is not enough magistral, and more has to be 
added. When th e mercury separated in the test presents a slightly grey dull appearance, 
and runs together rapidly when #eparat$d into globules, the process is going on well. 
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About fifteen days after the first portion of mercury has been added, it. will hare 
combined with enough silver to form a pasty amalgam ; then a further quantity is 
added, and after another interval of rest, the third portion is added. This operation 
lasts altogether two or three months, according to the nature of the ore, the tempera- 
ture, &c. If the amalgam is pasty at the end of the operation, a further quantity of 
mercuiy is adclibd to liquefy it, and the whole mass is washed with water in laige 
wooden vats fitted with paddles on vertical shafts. The amalgam thus separated is 
pressed in sacks to strain off excess of mercury, and then distilled. 

At some places this method of treatment is practised without the use of magistral, 
aud merely with salt and mercury. In those instances it is probable that the ores 
contain sufficient sulphides for the production of cupric or ferrous sulphates by the 
action of atmospheric oxygen during tho mechanical preparation of tho ore. 

The ores worked in this way in South America and Mexico are generally sorted, so 
as to contain from 20 to 40 ounces of silver to tho ton, the richer parts being picked 
out and smelted. _ ... 

The consumption of mercury in decomposing silver-chloride, and the waste attending 
tho soveriil operations, are said to amount, in the Mexican method, to about twice tho 
weight of the silver obtained. It has been proposed to recover the mercury left in the 
washed residue as mercurous chloride by treating it with hypochlorite of calcium or 
nitrate of sodium, ami then adding excess of hydrochloric acid so as to convert the 
mercurous chloride into mercuric chloride, which could be washed out, and the mercury 
procipi fated by copper, while the solution of cupric chloride thus obtained would serve 
in the place of magistral for subsequent working. 

Sinco the decomposition of silver-chloride may be effected in the wet way by contact 
with other metals besides mercury, the consumption of mercury in that way might Lo 
prevented. With this object Do Lccca proposed, in 1586, to modify the treatment by 
using iron plates together with the mercury, but this suggestion was little regarded at 
the lime. 

For tho amalgamation of rich ores, Alonso Barba devised a method with the 
same object, which consisted in grinding the ores in copper pans with successive 
additions of salt, magistral, and mercury. The silver-chloride being in this case 
decomposed by copper, less mercury was requisite ; but the extraction of the silver 
was incomplete. 

2. European Amalgamation. — The method of extracting silver from its ores by means 
of mercury was made known in Europe about the middle of the seventeenth century, 
and Barba's modification of it was the starting-point from which it came to be 
adopted. The first attempts to work silver-ores by amalgamation were made in tho 
Austrian States by v. Born, and after successive improvements, works were also erected 
at Freiberg, Neusohl, and other places on the Continent, where it was extensively 
practised. 

Tho principal points of difference from the Mexican method are : — 1. The conversion 
of tho silver-compounds in the ore into chloride by treatment in the dry way by 
roasting with salt; 2. The decomposition of the silver-chloride by copper or iron 
instead of mercury. 

Tlie silver ores which are treated by amalgamation in Saxony contain silver-sulphide 
combined or mixed with arsenical and antimonial sulphides, pyrites, blende, &c. 
Both rich and poor ores can be worked by this method with equal advantage ; but 
since, the proportion of salt and mercury to be used would depend upon the amount of 
silver in the ores, and since this vanes from 20 to 500 ounces per ton, the ore is 
sorted, so that tho mass to b# operated upon may contain from 60 to 70 ounces of 
silver per ton, and a uniform mode of treatment may be adopted. 

It is necessary that the ore should contain sulphides in sufficient amount to produce 
the requisite chemical reactions during the roasting, and to ascertain whether this is 
the case, a portion is melted with glass, borax, and resin in an assay-crucible under a 
cover of sodium-chloride. It should yield about 30 per cent, of matt. When there is 
a deficiency of sulphides, iron-pyrites or ferrous sulphate is to be mixed with the ore. 

In the preparatory treatment, the finely-ground ore is roasted with 10 or 12 per cent, 
of common salt in a reverberatory furnace. The charge is put into tho furnace moist, 
gently heated at first, and stirred continually until it is dry, so as to prevent its 
caking ; it is then raked up into a heap along the hearth, and after the lumps hare 
been broken, it is spread out evenly, and stirred about while the heat is being increased 
to redness. This stage of the operation (Anf event) generally occupies about two 
hours. Meanwhile steam and some vapours of arsenic and antimony are given off. 
As the temperature rises to redness, the sulphides begin to be decomposed by reacting 
with atmospheric oxygen, and then the combustion of the sulphur generates so much 
heat that no fresh ftiel is required to keop up the temperature during this stage of the 
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process (Abachtoqfdn), which also lasts about two hours. The disengagement of 
sulphurous acid, together with arsenic and antimonial vapours, causes the mass to 
become pulverulent and porous, and when it ceases the temperature begins to fall. 
The heat is then raised considerably, for the purpose of decomposing the sulphates 
which have been produced. A fresh evolution of sulphurous acid together with 
chloride- vapours then begins, causing the mass to swell up. During this stage of the 
process (Gutrosten) the sulphates react with part of the sodium-chloride, yielding 
sodium-sulphate, ferric chloride, &c., while some hydrochloric acid and chlorine are 
disengaged, and the silver is converted into chloride. Care must be taken uot to 
continue this part of the operation too long, since the silver-chloride might bo 
melted or decomposed, and thus the efficiency of the subsequent operations would be 
interfered with, and the yield of silver consequently reduced. After about an hour, 
the charge is drawn from the hearth. It then contains, besides various oxides and the 
earthy ingredients of the ore, silver-chloride, cupric and ferric chlorides and sulphates, 
sodium-chloride and sodium-sul pliate, and some unaltered sulphides. 

During the roasting, the charge loses about 10 per cent, by weight, and sonte silver is 
curried away in the vapour given off, for which reason the smoke is passed through 
soot-chambers and condensers. Tho flue-dust thus deposited contains unaltered par- 
ticles of ore, with carbon, various saline substances, and about 30 or 40 ounces of silver 
per tun. This silver is often in the state of antimoiiiute, a salt which is always 
produced when argentiferous and antimonial minerals are roasted together (Plattner). 
The formation of this salt cuusps a further loss of silver, from the fact that it is uot 
convertible into chloride by means of chlorine, but only by hydrochloric acid. 

The roasted ore is screened and sifted from the lumps, which nro ground and 
roasted again with salt. The line powder is ground in a mill, and passed through a 
bolting-cloth to reduce it to an extremely fine state of division. This mechanical 
treatment is of great importance for the perfect separation of the silver by treatment 
with mercury. 

The decomposition of the silver-chloride (Anquickcn) is generally effected by stirring 
the roasted ore with water and iron or copper in strong wooden casks mounted horizon- 
tally in a framework, and made to revolvo by machinery : 

• 2 ir, m ins tit 

2AgCl + Fe =* Fe"Cl* + Ag ; or AgCl + Cu ■» CuCl + Ag. 

This reaction is greatly facilitated by tlio presence of an acid, and when two metals 
act simultaneously, it takes place more rapidly than when only one is present. In this 
cane the more electro-positive metal is converted into chlorine by the reduction of tho 
silver. Thus when copper and mercury are used together, mercurous chloride only is 
produced. With iron slid mercury, on the contrary, only ferrous chloride is produced, 
together with silver-amalgam. 

The stirring with metallic iron or copper has also the effect of converting ferric 
chloride into ferrous chloride. Cupric chloride is decomposed in tho sumo way, and 
unnocoi'iry production of mercurous chloride is thus prevented. 

The quantity of iron consumed in this process is more than equivalent to the silver* 
chloride decomposed, and amounts to about 60 per cent, of the silver obtained : the 
excess being partly due to the solvent action of salts in the roasted ore, and partly to 
the precipitation of other metals besides silver. 

When coppor is usod instead of iron, a much purer amalgam is obtained ; but copper 
nets more slowly, and even when usod in large proportion, it is not so effective as iron 
in extracting the silver. 

The decomposition of silrpr-chlorids by either iron or copper is also much facilitated 
by the presence of alkaline chlorides, especially when the solution is strong. This is 
most probably owing to the solubility of silver-chloride in such solutions, and to the 
consequently increased chemical action. This silver-chloride is reduced more rapidly 
by mercury, in the presence of a concentrated solution of alkaline chloride, than it is by 
either iron or zinc alone. 

After this operation has boon completed,- and the silver has been reduced to the 
metallic state, a quantity of mercury, equal to about half , the weight of the roastf-d ore, 
is put into each cask, and the stirring is continued again for about twenty hours. 
Daring^ this operation the contents of the cask are examined from time to time, to 
ascertain whether the proper quantity of water has been added, and to test the condition 
of the charge. 

The casks are next filled with water and made to revolve slowly for about two 
hours, after which time the greater part of the amalgam will have separated from the 
sludgy mass and collected, together, so that it can be drawn from the casks. It is 
filtered through canvas bags to separate excess of meremy, and distilled in iron retorts. 

The pressed amalgam contains about 65 per cent, of mercury, and from 10 to 12 per 
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cent, silver, with varying amounts of copper, lead, antimony, &c. The strained mer- 
cury contains about one ounce of silver m the hundredweight. 

The sludgy mass (tailings) remaining in the amalgamating casks still contains 
disseminated particles of amalgam and mercury. It is run into a wash-tun ( agitator , 
Waschbott ige, cuve ), mixed with a large quantity of water and stirred with paddles. 
The amalgam which collocts at the bottom, of the agitator is much more impure than 
that taken direct from the casks. The lighter portion of the tailings is run off from 
side-openings at different levels of the agitator, and the heavier portion is again treated 
with mercury in the casks, or dried, ignited, and used in the smelting-works. It 
sometimes contains 140 ounces of silver per ton. The finer portion of the tailings 
also contains some silver, from 2 to 5 ounces per ton. 

The mother-liquor from the tailings contains sodium -chloride and sulphate, with 
other salts, such as ferrous and manganous sulphates, small quantities of phosphates, 
arsenates, and fluorides, &c. It is concentrated in leaden pans, or frozen in winter to 
obtain the sodium-sulphate. > ... . . ** 

The loss of silver and mercury in this operation is subject to great variation ; the 
former amounts to about 6 or 10 por cent, of the quantity contained in the ore. Of 
this from 2 to 4 por cent, is either volatilised in the roasting, or lost in the grinding 
and sifting of the ore, and in melting the metal. From 3 to 5 per cent, of the silver 
generally remains in the tailings. A small portion of the mercury is converted into 
mercurous chloride, which is not decomposiblo by iron. Much more remains mechani- 
cally disseminated among the tailings, and is washed away in the mother-liquor. The 
presence of load, arsenic, and other metals, which are easily reduced and amalgamated, 
augments considerably the waste of mercury. At Freiberg it amounts to about fifteen 
ounros per ton of ore, and 87 per cent, of that is washed away in the mother-liquors, or 
remains in tho tailings. 

The advantages of the amalgamation method over smelting, consist in the smaller 
loss of silver, the groat or simplicity of the operations, tho more rapid extraction of tho 
metal, saving in fuel, and the absence of injurious vapours. On the other hand, it is 
not applicable to ores containing lead or copper. Although lead amalgamates very 
readily when in tho metallic state, still in the treatment of ores containing lead, only a 
small part of this metal is amalgamated. This is probably because very little of tho 
lead is reduced, tho greater part remaining in tho state of chloride or sulphate, which 
ure not decomposed unless there is a Yery largo excess of iron in the amalgamating 
casks. Copper is partly taken up by tho mercury, and part remains in the tailings. If 
these are not sufficiently rich to be worked, that portion of the copper is lost. Conse- 
quently, ores containing more than 7 per cent of lead, or 1 per cent, of copper are not 
treated by the amalgamation method. 

Auriferous silver-ores likewise cannot bo advantageously worked by this method, 
because the greater part of the gold remains in tliB tailings after amalgamation, and is 
lost. Comparative trials have showu that silver obtained from such ores by smelting, 
contained moro than twice as much gold as that obtained by amalgamation. The 
reason of this is, that though gold amalgamates very readily with mercury, still in the 
treatment of silver-ores by this method, it is less rapidly acted upon than the silver, 
which isroducedfrom the silver-chloride in a finely -divided spongy state, favourable to 
its amalgamation. 

Tho naturo of the earthy ingredients of the ore has also some influence on tho 
working : thus clay renders the mass tenacious in the amalgamation ; heavy spar 
makes it dense; calcareous substances reduce the consumption of iron and of mercury 
by decomposing the chlorides, but they also lessen the yield of silver. In this respect 
a judicious admixture ofquartzoso ana calcareous ores is most advantageous. 

The method of amalgamation is applied not only to silver-ores but also to the matt 
(Kupferstnn) and tho coarse copper ( Schwartzkupfer ) obtained in smelting argenti- 
ferous copper-ores. (See Copper, ii. 31.) 

In the Mansfield district, silver was formerly extracted in this way from copper- . 
matt, after it had boon roasted with salt to convert the silver into chloride. The 
tailings were afterwards smelted with quartz, fluor-spar, and slag to obtain the 
copper. 

At Schmollnitz, in Hungary, black copper, containing from 85 to 89 per cent of 
copper, and 200 or 300 ounces of silver per ton, is worked by amalgamation. The 
metal is reduced to powder by stamping while red-hot and then grinding. It is 
mixed with from 7 to 9 por cent, of salt, and roasted in a reverberatory furnace. The 
amount of sulphur in the metal, being no more than from 0*5 to 1 per cent, would be 
insufficient in this case to determine evolution of chlorine by its oxidation to sulphuric 
add; consequently the production of silver-chloride in the roasting must be enacted 
chiefly by the reaction of sodium-chloride with the metal. 

The si Ivor-chloride is decomposed by means of copper, and the amalgamation 
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Otherwise conducted as already described (p. 282). If iron were used instead of copptfr ■ 
to decompose the chloride, the metal obtained would contain a large amount of copper. 

The loss of silver is said to be less than 6 per cent., and the waste of copper about* 
2 per cent. The waste of mercury, however, amounts to 40 ounces per ton of coarse 
copper. 

At Cziklowa, in the Bannat, coarse copper containing 16 ounces of silver per ton is 
roasted with 10 per cent, of salt and 3 or 4 per cent, of pyrites. 

At OfFenbanya, in Transylvania, coarse copper containing 10 per cent of lead is 
roasted for six hours with 18 per cent, of salt and 3 per cent, of nitre, to facilitate the 
production of lead-sulphate, which is not decomposed in the amalgamation. 

The compound of arsenic and antimony with nickel, cobalt, iron, and other metals, 
which is termed spets, produced in lead-smelting, and especially in the preparation of 
smalt from nickeliferous cobalt-ores, often contains silver which is extracted by 
amalgamation. 

The speis from the Saxon smaltworks at Schneeberg contains from 10 to 100 ounces 
of silver per ton. It also contains bismuth and sulphur. The powdered material is 
roasted to oxidise the metals: part of the arson ic is volatilised as arsenious acid; a 
great part, however, remains in the state of arsenic acid combined with the basic 
oxides. The roasted product is sifted, to separate any melted or unoxidised particles, 
then ground fine, mixed with 8 per cent, of salt and 2 per cent, of ferrous sulphate, 
and again roasted to convert the silver into chloride. More arsenious acid is volatilised, 
and probably some arsenic as chlorido. The product of this roasting is ground very 
fine, and treated with mercury in casks. 

The amalgam requires to bo well washed with water to remove bismuth-oxide. 
The tailings contain 5 ounces of silver per ton, and are smelted for nickel. The total 
loss of silver is said to be about 15 per cent. ; the waste of mercury amountato 10 or 
15 ounces per ton. 

At Puullaouen, in Brittany, some of the ores from the Huolgoet mines, consisting of 
metallic silver, antimonial silver, and silver-chloride disseminated through quartz, 
ochre, and clay, are treated in a manner which combines both the Mexican and 
European methods. After the mechanical preparation of the ore, containing about 20 
ounces of silver per ton, it is mixed with 'vater and 10 por cent. of magistral, consisting 
chiefly of sodium-chloride, with some ferrous sulphate, alum, and a very small amount 
of cupric sulphate. This mixture is left for about 15 days in tubs, to allow of the pro- 
duction of silver-chloride, and the subsequent treatment conducted as already described. 

The extraction of silver is effected to within 3 ounces to tho ton. 

The waste of mercury amounts to from 10 to 80 ounces per ton of ore. 

The amalgamation method is now largely practised in California and Nevada in 
working silver-ores, and great improvements have been made in connection with it. 
Iron pans with mullers, for grinding the ore either in the raw or roasted state, have 
been substituted for the barrels with great advantage. By this moans the silver or 
sil rer-corapounds of the ore are more effectively brought in contact with the chemicals 
and mercury, and the amalgamation is much facilitated. The application of heat by 
steam-pipes has also been found very advantageous. 

One of the most troublesome circumstances connected with the extraction of silver 
by amalgamation is tho conversion of the mercury into a pulverulent condition, 
known as 41 flouring,” when it is liable to be washed aw'ay in tho tailings, together with 
si Iyer it has combined with. Considerable loss may be caused in this way; and as 
this offect is due to the combination of sulphur, oxygen, &e. with a portion of the 
mercury, it has been proponxl to introduce a small amount of sodium into the mercury 
used for amalgamation. From the great chemical affinity of this metal for sulphur and 
exygen, it prevents the mercury from becoming 14 floured,” and materially reduces the 
waste of this metal and the loss of silver. An amalgam containing about 30 per 
cent, of sodium is used for the purpose, and added to die morcuiy so as to make the 
proportion of sodium about 1 or 2 per cent. The presence of sodium in the mercury 
also appears to facilitate very considerably the amalgamation of the silver. (See 
Crooke’s Specifications, Nos. 391 and 2229, dated 11th February and 30th August* 
1865.) 

The use of caustic alkali for the same purpose has also been tried and found 
advantageous, though probably in a less degree than the sodium-amalgam* 

Extraction of Silver a* Chloride and Sulphate . 

The solubility of silver-chloride in a strong solution of sodium-cbloride has been 
taken advantage of for the purpose of extracting silver from copper matts and ores 
without the aid of mercury. The silver is converted into chloride by roasting 
with salt, and the roasted product is digested with a concentrated solution of salt in 
wooden vats. The silver-solution is drawn off and passed through a scries of 
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tat* containing precipitated copper, which separates the silrer, while a solution of 
copper is produced, from which the copper is recovered in a state fit to boused again, by 
passing through another series of vats containing iron. The liquor from which the 
copper has been precipitated, is left for some time exposed to the air, till a great part 
of the iron has been deposited as a basic ferric salt; it then contains some sodium- 
sulphate produced, in the roasting, and is either evaporated to obtain that salt, or 
treated With calcium -chloride to furnish sodium-chloride for future use. (Augustin.) 

A still more simple and inexpensive method of extracting silver is based upon the 
facte that silver-suiplhitc is soluble in water, and that it requires a higher temperature 
for decomposition than any of the other soluble sulphates containing heavy metals 
which are produced during the roasting of copper-matt or of silver-ores with pyrites. 
The success of this method of treatment depends mainly on the proper roasting of the 
fnaterinl from which silver has to be extracted, so that the whole of the silver may be 
obtained in the stato of sulphate, while the cupric and ferrous or ferric sulphates are 
decomposed. In the roasting the heat is to be gradually raised during the space of 
three or four hours to dull redness, and lastly increased within about two hours to chferry- 
r< d. The progress of the roasting is ascertained from time to time by testing a 
portion of tho charge with water. It should give a faintly bluish solution, and the 
amount of silver rendered soluble may be estimated volnmetrically with a salt-solution 
of known value. When the proper condition has been reached, tho charge is drawn 
from the furnace and digested with water, and the silver is precipitated from thesolution 
by copper. (Ziervogel.) 

The avorugo loss of silver by this method is said to he only 8 per cent. 

The use of alkaline hyposulphite has been proposed as a solvent for silver-chloride 
in the working of ores, &c., the silver being precipitated from tlio solution as silver- 
sulphide by means of alkaline sulphide, while a solution of hyposulphite is repro- 
duced. (Percy.) 

In the case of very poor argentiferous materials, such as the residue from the 
burning of pyritos in the manufacture of sulphuric acid, it has been proposed to 
volatilise the silver as chloride, and collect it in condensers. 

When tho silver obtained by this method is very impure, it is sometimes purified by 
cupellation with load. Attempts have been made to separate the motals with which 
the silver is alloyed, by digesting with dilute sulphuric acid in leaden pans, the residue 
left by distillation after it has boon heated to rednoss in contact with atmospheric air. 
Py repeating this treatment several times, a large portion of the foreign motals are 
separated, but the purification is incomplete and the cost is considerable. More fre- 
quently the silver is refined by melting in cast-iron crucibles. By this means the 
foreign motals are oxidised and form a slag, which floats on the surface of tho melted 
silvor and is skimmed off. Some charcoal-powder is then sprinkled on tho metal, the 
crucible covered, and the heat kept up for a time, the metal being stirred in the mean- 
while with an iron rod. When the charcoal is consumed, this operation is ropoated 
until the metal exhibits the required degree of purity. It is then cast into ingots. 
This refined metal ought not to contain less than 70 per cent, silver, and the alloy 
should consist entirely of copper. 

The refuse of the refining is melted with potash and some nitre under sodium-chlo- 
ride, and a silver regnlus is obtained, together with a rich matt, which is mixed with 
the ore for amalgamation, and a slag which is sent to the smelting- works. B. H. P. 

BILVUl ALLOTS. For most of the useful purposes to which silver is applied, 
the pure metal would be too soft to resist sufficiently the wearing -a way of tho surface 
by friction. The presence of a small amount of copper in the metal very considerably 
increases its hardnoss, without much affecting the colour, and consequently silver is 
generally used in the state of an alloy with copper. 

Silver may be alloyed with most other metals. None of the alloys are so soft and 
ductile as pure silver, though generally more so than the metal with which it is alloyed. 
The presence of small quantities of other metals — such as antimony, arsenic, bismuth, 
tin, and sine— renders silver brittle and liable to crack when rolled, but to a less extent 
than is the case with gold or even with copper. 

1. With Aluminium. — The alloyB of these metals are much harder than pure 
aluminium, ami when the aluminium amounts to twice as much as the silver, they are 
even more fusible than aluminium, and may therefore be used for soldering that 
metal. Tho alloy containing 3' per cent, of silver is not acted upon by sulphuretted 
hydrogen: that .containing 5 per cent, of silver has a fine white colour, takeB a good 
polish, has about the same degree of hardness as British standard-silver, and is tole- 
rably malleable. Equal parts of aluminium and silver give a brittle alloy. 

2. With Antimony. — A verv small proportion of antimony alloyed with silver is 
sufficient to render the metal liable to crack in rolling. Alloys of silver and antimony 
occur as minerals. 



SILVER ASSAY. 

3. With Bismuth. — Equal parts of silver and bismuth form a crystalline brittle 
alloy, of 10*709 specific gravity. Bismuth-oxide being fusible, this metal can be 
separated from silver by cupellation in the same way as lead. 

4. With Copper. — Silver and copper may be melted together in any proportion. 
The alloys are almost as ductile as silver; and they have much greater hardness and 
elasticity, and are capable of taking a much higher polish than pure silver. Those 
containing less than half their weight of silver are white. 

The most important alloys of silver and copper are those employed for coinage, and 
for the manufacture of silver utensils and ornaments, &e. The standard value of the 
alloy used for these purposes varies in different countries. In England '* standard 
silvtr” contains 7'5 per cent, copper: its specific gravity Is 10’20. 

In France there are three standard alloys : one, containing 95 per cent, of silver, for 
medals and plate ; the second, containing 90 per cent., for coin ; ana the third, containing 
80 per cent., for jewelry- work. 

In Germany and Austria there are two standards for coin, of different values-— one 
containing 90 per cent, the other 87*5 per cent, silver. The alloy used for silver- 
plate varies from 70 to 81 per cpnt. 

Stiver-solder contains about 66 per cent, silver with zinc and copper. 

When alloys of silver and copper solidify gradually, they do not remain homoge- 
neous throughout. According to the amount of silver they contain, the inner or outer 
portions of the mass contain a larger proportion of silver than the remainder. Lovol 
states that this separation does not take place with the alloy consisting of 71*9 per cent, 
silver and 28-1 copper. (Ann. Ch. Phys. [3] xxxvi. 220.) 

Although the alloys of silver with copper arc white, even when containing a large 
amount of copper, still the colour is not so fine as that of pure silver. Such alloys, 
after being manufactured, are therefore submitted to an operation by which the copper 
is superficially oxidised, and dissolved out, so as to leave a film of pure silver. This is 
termed whitening (hlanchimtnt ; Ansuden). 

6, With Gold. This metal may bo alloyed with silver in all proportions. Lovol 
regards the alloys of these metals in equivalent proport'ons as being incapablo of 
separating by gradual cooling. (Ann. Ch. Phys. [3] xxxix. 163.) 

Alloys of , gold and silver in various proportions occur native. (G. Ilose, Pogg. 
Ann. xxiii. JG1.— Avvdejew, ibid. liii. 153. — Ilou ssingault, Ann. Cli. Phys. 
[2] xxxiv. 408; xlv. 440. — Gmelirts Handbook, vi. 247.) 

6. With Lead. — Silver may be melted with lead in all proportions. These alloys 
when slowly cooled, separate, so that the interior of the mass contains a much larger 
proportion of silver than the outside. (Levol, Ann. Ch. Phys. [3] xxxix. 163.) 

7. With Mercury. — This metal combines with silver at the ordinary temperature, 
forming one of the softulioys called amalgams, which mixes with an excess of mercury, 
but may be separated as a pasty mass by squeezing in wash-leather. Silver-amalgam 
occurs native, sometimes crystallised (iii. 889). 

8. With Nickel. — The alloy containing 13 4 per cent, of nickel, is greyish -white, and 
takes a good polish. It is highly magnetic. The alloy used for coin in Switzerland 
contains 10 per cent, of nickel. It is very hard, and not so white as the alloys com- 
monly used for coin. 

9. With Platinum. — Alloys of silver with platinum are much less ductile than pure 
silver. The alloy containing 64*3 per cent, platinum, has a colour intermeuiute 
between those of the two metals. It cannot be rolled without cracking. Silver con- 
taining only 0‘07 of platinum is very brittle, and cannot be cupelled ; even as little hs 
0*05 greatly impedes tne cupellation. Sulphuric acid dissolves the silver from these 
alloys. Nitric acid dissolves part or all of the platinum os well as the silver, according 
to the proportion of the two- metals. 

10. With Tin. — Alloys of this metal with silver are nearly as white as pure silver* 
They are brittle and generally hard, that containing 20 per cent, of tin being about os 
hard as bronze. 

11. With Zinc. — These alloys are of a bluish-white colour. Doppler's reflector metal 
consists of 80 pts. silver and 20 pts. zinc. - 

inm ASSAY. The estimation of the amount of silver in coin, alloys, ores, 
&c., for practical purposes. This operation may be conducted either in the wet way, 
by precipitating the silver as chloride from the solution of a known weight of tho 
substance to be assayed (see Silver,. Detection and Estimation of, p. 298), or in 
the dry way by cupellation with lead, so as to obtain the pure silver. 

In operating upon ores containing metallic silver and oxidised silver-compounds, 
they are mixed with eight or ten times as much litharge, and twice as much black flux, 
and melted in earthen crucibles. The lead reduced by the carbon of the black flux 
dissolves title Hirer, and collects as a- button at the bottom of the crucible, while the 
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_ ^ and the alkaline c^fbpnate combine with the snicicma^p 

^gredients of the ore, forming a slag. 

f containing sulphur or arsenic may he melted with lithafgfe alone tp. sulficiflttV 
tfoii to oxidise those substances, and the lead reduced at the same time will he 

_ n t to dissolve the silver* If the amount of sulphide, should be very lorggi jiu - 

proportion to the silver, it is better to separate some of the sulphur by roasting {$£? 
ore, or to oxidise it by melting it with nitre before the treatment with litharge. , s 1 
Argentiferous galena may be assayed by melting it with oue-and-a-half tim es?ftg;' 
weight of black finx, and about one- fourth its weight of small iron nails, tiypbtaia 
button, of metal. Or it may be melted with three or four-tenths of its weigE&wmtft^ 
irhioh oxidises the sulphur, forming potassium- sulphate, while the lead and silver 
reduced* The add if ion of sodium-carbonate or litharge as a dux is often necessary and 
convenient in moderating the reaction between tho nitre and sulphides* 

The button of metal obtained by any of these operations consists of an alio* 
silver and lead. The separation of three metals is effected by cupellation 
Abtreilen). This operation is founded on the fact that when such an alloy is 
ana exposed to a current of atmospheric air, the lead is oxidised, while’ the : silver 
remains unaltered. The separation of the lead is facilitated by melting the ahfoyupo$ 
a cupel (eoupelle ; Capdlc ), made of bone-earth powder compressed so as to besufB- 
ciently. porous to absorb about its own weight of melted lead-oxide, which js th*“ 
removed from the metal as the oxidation advances, until at last there remains only, t 
puro silver. * > - 

In the assay of argentiferous copper-ores, the first step is to obtain a button era- 
tain ing the entire quantity of both metals. For this purpose ores which do not contain % 
sulphur, arsenic, or antimony, but consist chiefly of oxygen -compounds of copper with 
earthy admixtures, may be melted at once with black flux sufficient to reduce the metal, 
and with a flux to convert tho enrthy ingredients into liquid slag. ’Borax orlithgrge 
may be used as the flux, caro being taken to avoid, in tho one case, loss b^Hntqmes- 
cence, and, in the other, the reduction of much lead in proportion to tho silver and 
copper. 

Argentiferous copper-ores containing sulphides must be first roasted by gradually ; 
heating the powdered ore in a shallow* capsule, until sulphurous acid is no longer given 
off. Great care must be taken at first to prevent any partial fusion of the ore, and, 
when arsenic is present, it must be very slowly volatilised — otherwise the vapour may * 
carry away some silver. After the ore is fully oxidised, the heat is to be raised 
sufficiently to decompose the sulpliates.produced. The roasted ore In ay then be melted ; 
with three or four times its weight of black flux. The buttdh-of copper and . silvan ' 
thus obtained is cupelled with lead, to separate the copper from the silver, an<£$#h# 
silver is weighed. , * . 

1. Silver Assay in the dry way: Cupellation. — The assay of alloys of silver and 
copper by cupellation is of considerable practical importance. When such alloys are 
melted in contact with atmospheric air, the copper is oxidised, as in tlie case of an% 
alloy of silver and lead : but the copper-oxide being infusible at the temperature, it 
cannot be absorbed by the cupel, and its separation requires a solvent. For this 
reason load is added in the cupellation of silver alloys containing copper : it serves a 
twofold purpose — facilitating the fusion of the alloy by acting the part of a solvent to 
it at a temperature much below the melting-point of either silver or copper, while the 
oxide it yields during the cupellation melts, and dissolvos the copper-oxide produced 
at the same time. 


Karsten' s Table (p. 289). „ 
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The amount of copper capable of bfiag direolrod in tlue way by fcad-oxide, «» aa t. 
absorbed by the > cupel, vanes according to the temperatow. The relative m&L. 
tfens of copper and lead absorbed as oxides by the cupel also vary, even at tliewaw 
temperature, according to the proportion of these metals in the alloy. Kareten, by 
cupelling copper with different proportions of lead at one and the Bame tomperatare. 
obtained the results given in the preceding table. - ■ 

? dS i dc8 - t u esa totaI . differences, the proportion of copper-oxide dissolved when anal Joy 
Of md with excess of copper is cupelled, varies throughout the operation.* At the 
, commencement it amounts to only 0‘13 of the lead-oxide, and at the end to 0*36, or 
-&a£f re third. When the proportion of lead to copper is too small, the melted 

MOteies ore. not sufficiently liquid, at the temperature proper for cupellation, to be • 
. Readily absorbed bj^jthe cupel. In this case the 'oxide accumulates above the metal, 
:and eventually stops the oxidation. The assay is then said to be chilled {noyl; 
er&ayfen). Therefore, in order to sopnrare the whole of the copper from an alloy of 
s&nrwith this metal, it is necessary to use enough lead. The complete separation 
would always bo ©fleeted with any alloy by using the maximum proportion of lead, or 
as much as would be necessary with pure copper. But, since this operation is always 
attended with a loss of silver, which increases in proportion to the time it lasts, and to 
iho amount of metal oxidised, it is indispensable to render this loss as small os possible. 
For that reason only so much lend is to bo used as may bo actually necessary, accord - 
dngto the amount of copper in the alloy to bo assayed. £ * 

*Tbe proportion of load requisite for effecting the separation of copper from silver by 
cupellation is to somo extent influenced by the amount of silver in the alloy. Expe- 
rience has shown that, in cupellation, copper is less readily oxidised when it is alloyed 
with silver^ than when pure ; and that, consequent ly, a larger proportion of lead must 
bo used, relatively to the copper, the greater the amount of silver in the alloy. 



It is remarkable that when the copper amounts to more than one-half of the alloy, the 
same proportion of lead is necessary for all alloys, whatever may bo the amount of 
^ppor they contain. Even when pure silver is melted on a cupel, a little lend must 
added to make the metal form a button ; if less than three-tenths its w eight of load 
It used, the button is not properly formed, and the lead is not separated unless tho 
be raised considerably, which causes great loss of silver. When, on the contrary, 
Ware than £bat proportion of lead is used, tho cupellation takes place readily, but tho 
;xW W Of silver is greater, because the operation lasts longer. 

' furnace in which c upell ation - as say s are made in represented in jig. 746. Tho 

important part of it is the muffle, B. -This is a semicylindricfd vessel made 
Wwffey, and closed at one end. It is fixed in the furnace in such a manner (hit 
»t C%le entirely surrounded with the burning fuel when the furnace is in us r *. At 
the staerof the muffle there are longitudinal openings, through which a draught is pro- 
duced by the chimney ; and when the door of the muffle is opened, a current of atmo- 
spheric air is thus made to pass through the muffle over the cupels. 

In' using this furnace, it should be kept entirely filled with fuel which will bum 
without smoke ; and when the temperature has been raised to the proper degree, it 
can easily he regulated according to requirement. When the cupels nave become hot, 
and the si dm of the muffle are at a bright red heat, verging upon white, the necessary 
quantity of laud is first placed in the several cupels; ana when it is melted, the weighed 
Vox. V. V 
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quantities of the alloys to be assayed, wrapped in thm paper, are quickly but 
geUtly slipped into the melted lead, great care being taken to prevent any portion of 
p- ' the contents of the cupels being 

‘ thrown out. 



After the cupels are charged, 
the muffle is closed for a few 
seconds, that the pieces of 
alloy may melt and dissolve 
in the lead . At the moment 
the door is * removed , the con- 
tents of each cupel should pre- 
sent the appearance of bright 
liquid metal with a convex 
surface. 

As Boon as air is admitted 
into the muffle, oxidation com- 
mences ; white fumes of lead- 
oxide are given off; and the 
bright surface of the metal 
becomes covered with a thin 
iridescent film of melted oxido, * 
presenting brilliant spots, which 
move rapidly about over it. As 
tho oxidation advances, the 
molted oxide is absorbed by tho 
cupel, producing round the metal 
a dark patch.whichgradually ex- 
tends, while the metal decreases 


in bulk and becomes more globular. At the end of the process, when the last portion of 
oxide is being formed, the metal appears to be revolving rapidly, and its surface 
becomes very bright and iridescent ; then the motion suddenly ceases, and the irides- 
cence disappears with a kind of flash, during which the button is scarcely perceptible ; 
after a few seconds it prosonts the appearance of pure silver. This last stage of the 
process is called the brightening {kdair ; Blicken). 

Owing to tho fact that melted silver absorbs oxygen gas, it is necessary to remove 
tho cupels containing the buttons of silver very gradually from the muffle, in order that 
they may cool slowly and not spit ( rocher ; sprat ~en), since this might occasion some loss. 

When this operation has been well performed, the button of silver should separate 
easily from tho cupel ; its upper surface should be bright and smooth ; the under-sur- 
face, dull and crystalline, but clean and compact. When the button is bluish 
above and bright underneath, without adhering at all to the cupel, it contains lead. 
When the upper surface of the button is flattened, dull, and wrinkled, it has either 
spit, or too little load has been used and the oxidation has not been complete. 

Tho temperature at which cupcllution is conducted has a grout influence on the 
result. Since silver is sensibly volatilisable, it is on this account essential that the 
temperature should not be too high. On the other lmud, the heat must bo sufficient to 
complete the oxidation of the copper aud load, ami to render the oxides perfectly liquid 
and capable of being absorbed by the cupel. From tho greater length of time occupied 
by the process at a low temperature, the loss of silver by volatilisation might be as 
great as if it took place more rapidly at an excessive heat. Experience has shown 
that the heat is too groat when tho cupels aro nearly white hot and scarcely distin- 
guishable from tho metal thoy contain, and when the fumes appear slight and rise 
quickly to the crown of the muffle. In this case the oxide would be too liquid, and 


would carry with it into tho cupels some minute particles of silver. On the contrary, 
the heat is too low when the fumes appear dense, creeping along the sole of the muffle, 
and when the oxido, bring insufficiently liquid to be absorbed, collects in a ridge round 
the metal. In this case the loss of silver is loss ; but tho oxidation is incomplete, and the 
button is likely to contain some lead. These two sources of orror always obtain simul- 
taneously, and they compensate each other more or less according to the temperature 
at which the operation is conducted. The best results are obtained when the cupels 
are only red-hot, and when the melted metal is distinctly visible and much more lumi- 
nous than the cupel. 

The rapidity of the current of air passing through the muffle also influences the 
result. 1 co quick a current might cause tho formation of oxide more rapidly than the 
cupel <*euld absorb it, or, by lowering the temperature, it might render the oxide 
insufficiently liquid to bo absorbed by the cupel ; and in either case the process would 
be interfered with in the same manner us if the proportion of lead to copper were too 
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emalL With too slow a current of air, the process would go on very slowly, and there 
would be a loss of silver in consequence of the operation lasting too long. 

The most oxidisable of the various metals which may be present in an alloy an 
chiefly separated during the first stage of the cupellation, and towards the end, the 
lead-oxide formed may be almost pure, or contain only cupric oxide. Iron, tin, and 
zinc are oxidised with such rapidity, that alloys containing any large amount of these 
metals cannot be cupelled without the assay becoming chilled, or in crusted jn the cupel. 

The appearance of the cupels after the operation affords some indication of tho hind 
of metal alloyed with the silver. Leud gives the cupel a pale-yellow colour; bismuth 
gives a slightly orange-yellow ; copper gives a grey, dirty red , or brown colour, accord- 
ing to the quantify. Iron produces black scoria?, which collect at the commencement 
of tho oxidution about the edge of the cupel. Tin gives grey scoriae, and causes incrus- 
tation when present in large amount. Zinc produces a very luminous fiaiue, and 
leaves a yellowish ridge on the cupel ; its presence causes loss of silver, by augmenting 
the volatilisation, or by spitting. Antimony gives a yellow scoria, and makes the cupel 
crack when present in any large amount. 

When the buttons of silver have solidified, they are detached from the cupels with 
pliers, brushed to clean off fragments of bone-oarth or oxide adhering to the under- 
side, and then weighed. The results thus obtained give the amount of silver in the 
alloy too low, because there is always a loss of silver in cupellation, which in the case 
of ordinary alloys may amount to as much as 0*005. In the cupellation of alloys con- 
taining a largo amount of silver, this loss is proportionately less than in the cupellation 
of alloys containing but a small amount of silver. Consequently it is necessary to 
apply a correction to the actual results of the assays, according to the value of the alloy 
in silver, as shown in tho ful lowing .table : — ■' 


Actual 
amount 
in .silver. 

Amount 
round by 
Cupellation. 

1000 

998*97 

975 

973*24 

950 

947*50 

925 

921*75 

900 

89G-00 

875 

870*93 

850 

845*85 

825 

820*78 

800 

795*70 

775 

770*59 

750 

745*48 

725 

720-36 

700 

695*25 

675 

67027 

650 

645*29 

625 

620*30 

600 

595 32 

575 

570*32 

550 

545*32 

52 5 

520-32 


Correction 
for loss 
or Silver. 

Actual 
amount 
of Silver. 

103 

500 

1*76 

475 

2-50 

450 

3-25 

425 

4 00 

400 

407 

375 

413 

350 

4 "22 

325 

4-30 

300 

4 41 

275 

4 52 

250 

4-64 

225 

4-75 

200 

4-73 

175 

4*71 

150 

4-70 

125 

4*68 

j 3 00 

4*68 

j 75 

4-68 1 

50 

4-68 

25 


Amount 

Tound by 
Cupellation. 

Correction 
for lost 
of Silver. 

495-32 

4*63 

470-50 

4*50 

446-69 

431 

420-87 

4*13 

396-05 

3*95 

371*39 

3*61 

340-73 

3*27 

32200 

2*94 

297-40 

2*60 

272-42 

2*58 

247*44 

2-56 

222 45 

2 55 

19747 

2*55 

173-88 

2*12 

148-30 

1*70 

123-71 

1-29 

09*12 

*88 

74-34 

*66 

49-50 

*44 

24-78 

*22 


This loss of silver, however, is not constant even for the same alloys, but varies 
according to the mode in which the operation is conducted. For the sake of greater 
certainty, therefore, a proof assay with pure silver, or with an alloy of known value, 
should be made with each batch of assays, in order to ascertain whether the loss of 
silver be really the same as that indicated in the table for that alloy or for pure 
silver. The correction to be applied to the results of the assays made at the same time 
is then to be regulated according to the result obtained with the proof-assay. When 
the operation is conducted with proper care, the corrected results may indicate the 
amount of silver in the alloys to within 2 or 3 pts. in a thousand. 

In many instances, cupel lation is a very convenient method of estimating, approxi- 
mately, the amount of silver in alloys and ores, but when great accuracy is required 
it is better to employ the wet method of assay devised by Gay-Lussac. 

2. Silver Assay by the wet process . — This method of estimating silver consists in pre- 
cipitating the metal as chloride from the solution of a known weight of the alloy, and 
in using for that purpose a solution of common salt containing a known amount of 
Palt. By weighing or measuring the quantity of this solution which is just sufficient 

u 2 
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to convert the whole of the silver into chloride, it is easy to ascertain the amount of 
jutver in the alloy. Silver-chloride separates so readily from a liquid containing nitric 
acid in excess, that the exact point at which all the silver is precipitated may be 
observed with great precision, and much more accurate results may be obtained in this 
way than by cupollation. 

The normal solution is made of such a strength that 1000 grain -measures are equiva- 
lent to 10 grains of silver, or 100 cubic centimetres equivalent to 1 gramme. In many 
instances the normal solution may be used in the same way as any other volumetric 
reagent, by simply observing the volume required for perfect precipitation, and then 
multiplying the quantity of silver represented by 1 grain-measure or by 1 cubic centi- 
metre by the number of grain-measures or centimetres of solution used. The amount 
of silver in ores and other substances may often be conveniently estimated in this way. 

For the purpose of attaining a groater degree of accuracy in the results, another 
solution, containing only one-tenth as much salt as the normal solution, may be used 
tor completing the precipitation. For greater convenience, in shaking the liquid .to 
facilitate the separation of the silvcr-chlorido, the silver-solution should be contained 
in a stoppered bottle. 

In the valuation of alloys containing a tolerably constant and approximatively known 
amount of silver, such as silver coin and the bars of alloy prepared for coining, it is far 
preforable to take a quantity of the alloy which will contain rather more than 10 grains, 
Fig. 746. or 1 gramme of silvor, and to 

add to tho solution of it in ni- 
tric acid 1000 grain-measures 
or 100 cubic centimetres of 
the normal solution at once. 
There will then remain only 
so much silver in solution as 
there have been in excess of 
10 grains or 1 gramme. Tho 
precipitation of this portion 
of the silver, which should not 
amount to more than 2 or 3 
thousandth parts, is to bo 
effected with tho decimal solu- 
tion. 

The apparatus requisite for 
this operation, when a huge 
number of assays havo to bo 
made, is shown by fig. 746. 

A is the reservoir for hold- 
ing a large supply of tho 
normal solution, which can be 
drawn off as required by the 
stopcock c. The tube b % open 
at both ends, passes to tho 
bottom of the reservoir, and is 
tightly fitted into the neck with 
a cork, so that there cannot bo 
any loss by evaporation, and 
air can enter the reservoir only 
through tho tube 6. 

The gauge d shows the 
quantity of solution in tho 
reservoir. 

The pipette g, for measuring 
the normal solution, has a long 
narrow neck and a very small 
aperture at the lower end, 
which can be closed with the 
finger. It is supported on a 
wooden frame firmly fixed to 
tho wall, and the upper end 
is fitted with a collar having a conical valve (f) at the sido. Above this collar, and 
Forming one piece with itv is nil ordinary stopcock e, the tube of which extends down- 
wards through the collar into the neck of the pipette, as shown on a larger scale in 
ty. 747. To the upper side of thr stopcock e is fitted a glass tube containing a 
thermometer, and communicating with the stopcock c. 
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When the left forefinger is placed on the beak of the pipette, and the cocks c and a 
are opened, the solution cannot flow into tho pipetto unless the valve f is opened to 
allow the air to escape from the pipette. As soou as the pipette 
is filled to a little above the murk n on its neck, indicating the 
requisite volume, the cock e is closed; then the valve /is closed, 
and the finger removed from the beak of the pipette. 

The bottle containing the solution from which silver is to be 
precipitated is put into the holder h, which is fitted to a metal 
plate bearing also a receptacle i for waste solution, and a support 
for a piece of sponge h. This metal plate glides freely between 
grooves from l to m, in such a way that the sponge or the mouth 
of the bottle containing the silver-solution may be brought exactly 
under the beak of the pipette. To run off from tho pipette tho 
excess of solution, tho receptacle i is placed below the bouk, and tho 
valve f is cautiously opened just enough to let the level of the 
solution sink to the mark on the nock of tho pipette. Then the 
valve is closed and the slide moved, so that the sponge is brought 
against the beak of the pipetto, to wipe off the drop of solution 
bunging to it. As soon as that is done, the slide is moved back 
till the moith of the bottlo is under the beak of tho pipette, and 
by opening I ho valve f tho measured solution is allowed to fall into the bottle. 

These assays are generally made in series of ten, the bottles und stoppers belonging 
to them being numbered and placed in a stand, which can be immersed m hot water to 
facilitate tho solution of tho 

alloy in nitric acid. After Fig . 748. 

the metal has completely dis- 
solved, tho bot tles are allowed 
to cool, and the nitrous vapour 
is displaced by blowing into 
the bottles through a piece of 
bent tube. Tho proper quan- 
tity of normal solution is then 
measured into each bottlo 
from the pipette; the stoppers 
aro put into the bottles; and 
they are transferred to an 
agitator (fig, 748), which holds 
ten bottles, and is sus- 
pended between two vulcan- 
ised caoutchouc springs, so 
that the whole of tho bottles 
may bo shaken at once. 

After shaking tho bottles 
for a minute or two, they are 
taken out and ranged upon a 
black shelf, with ton compart- 
ments numbered to corre- 
spond with the bottles. When 
the liquid in each is clear, tho 
stoppers are taken out and 
hung upon wires attached to 
each compartment, and a cubic 
centimetre of the decimal 
solution is run into each bottle 
by means of a small tubular 
pipette, which is fitted through 
a cork into the bottle, ▲ {fig, 

749), containing the decimal 
solution. In adding the de- 
cimal solution it should be al- 
lowed to flow gently down the 
sideof the bottle, after placing 
the beak of the pipette, b , against the neck of the bottle. By this means the silver- 
chloride in the bottle is not disturbed, and if the liquid contains silver it is at once 
rendered turbid. 

For each of the bottles In which a precipitate is produced by the measure of decimal 
solution, a mark is made on its compartment of the shelf; the bottles are again shaken. 
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and another measure of decimal solution added— this operation being repeated until no 
farther precipitate is produced. Supposing each cubic centimetre of decimal solution to 
be equivalent to 1 milligramme of silver, and 100 cubic centimetres of the normal solution 
to precipitate exactly 1 gramme of silver, the quantity 
of silver would be found by adding to 1000, the number 
of cubic centimetres of decimal solution requisite to 
complete the precipitation. If, for instance, a certain 
quantity of alloy (q) requires, over and above the 100 cubic 
centimetres of normal solution, 6 cubic centimetres of 
decimal solution, then the quantity (x) of silver would be 
1 005 grm. The percentage (x ) of silver in the alloy may 
then be found by a teimple calculation : 

af : 1000 « x : q 

And when, as in the assay of alloys that are supposed to 
be tolerably uniform in value, q is a constant quantity con- 
taining as a minimum 1 grm. of silver, a table may 
be constructed which will indicate the silver value of 
the alloys in thousandths, by reference to numbers cor- 
responding with the number of cubic centimetres of de- 
cimal solution used in each instance. 

Tho quantity (q) of alloy containing 1 grm. of silver will of course vary according to 
the silver value of the alloy, and the tables will relate only to particular alloys . Jn 
this country the standard of silver coin is 925 parts of silver in 1000 parts of 
alloy, and consequently 1-081 grm. should contain 1 grm. of silver. The quantity of 
alloy taken for the assay is 1-085 grm., which at the oxact standard would contain 
1*008025 grm. of silver, and would then requiro 3*5 cubic centimetres of decimal 
solution to complete the precipitation, and less or more according as the amount of 
silver in the alloy wero below or above the standard. The following table expresses 
the value of tho alloy, according to quantity of decimal solution used, within the limits 
of variation allowed for standard-silver : 


Quantity of Alloy for Assay 1*085 gramme. 



0 

1 

2 

3 

4 

5 

6 


0 

0*26 

0*50 

076 

921*6 

921*9 

922*1 

022*3 

922 6 
922*8 

923 0 
923*6 

923*6 

923*7 

923*9 

924*2 

924*4 

924*6 

924*9 

925*1 

925*3 
925*6 
925*8 
926 0 

926*2 

926*5 

926*7 

926*9 

927*2 
927*4 
927*6 
927 9 

0 

0*25 

0-50 

0*75 


The numbers in the first and last columns express fractions of thousandths, which it 
is quito possible to estimate, after some practice, from tho density of the hist precipitate 
produced by tho decimal solution. 

Supposing, as in the example above given, tho quantity of decimal solution used 
were 5 measures, then tho silver value of the alloy in thousandths would bo found at 
the top of tho column under 5, or 926*2. If the fifth measure of decimal solution gave 
a precipituto equal to only *0006 instead of *001 grm. silver, then the silver value 
of the alloy would be rather less, and it would be found in the third line of the column 
under 4, corresponding to 4*50 or 925*8 thousandths. 

If the amount of silver in any one of the alloys is so much below the standard that 
the measure of normal solution is rather more than sufficient to precipitate all tho 
silver, the first measure of decimal solution will not of course give any precipitate. 
It is customary in such coses to add two or three measures of a solution of silver, 
which is exactly equivalent, measure for measure, to the decimal solution of salt ; 
marking the number on the board with a minus sign before it, Hnd then adding deci- 
mal salt solution. A better plan is to repeat the assay with a* rather larger quantity 
of alloy. 

Since it is difficult, by reason of evaporation and change of temperature, to ensure 
the constant equivalence of the measure of normal solution to the quantity of silver 
which it is prepared to precipitate, it is best never to attempt doing so, and accurate 
results may do obtained with greater certainty otherwise. For this purpose the exact 
value of the measure of normal solution is estimated- from time to time with each set 
of assays by means of pure silver, of which 1*001 grm. is dissolved and treated with a 
measure of normal solution as a proof assay. 

If a measure of the normal solution should happen to be exactly equivalent to 
.1 gm. of silver, then the first measure of decimal solution will produce a precipitate in 


Fig. 749. 
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this proof-assay, hut the second measure will not produce any. If, however, a second 
and third measure of decimal solution he required to complete the precipitation in the 
proof-assay with the 1*001 grm. pure silver, then the measure of normal solution at 
the time will be only equivalent to 1*001 - *003 — *998 grm. silver, and a corre- 
spending minus correction must be applied to all the other assays. Thus, for instance, 
in the ease of one which requires 5 measures of decimal solution to complete precipi- 
tation, only 3 measures would relate to the quantity of silver over and above 1 grm. 
The actual quantity of silver would be 1*003 grm., and the silver value of the alloy, in 
thousandths, 924*4. If, on the contrary, the first measure of decimal solution gave only 
a very slight precipitate in the proof-assay, equal to *00025, then the measure of normal 
solution would bo equivalent to 1*0075 grm. of silver, and a plus correction of 0 75 
would have to be applied to the results of the assays, before reading off the silver 
values of the alloys from the table, as already described. 

With the exception of mercury, other metals do not interfere with the accuracy of 
the result obtainable by this method. 

The approximate estimation of the silver valuo of the alloy, which is necessary in 
this method of assay, may be made by cupellation, or with a salt solution and bnretto 
in the usual way. B. H, P. 

SILVER, BZSMVTHIC. See Bismuth-Silvkb (i. 597). 

SILVER, BLACK. / c c 

SILVER, BRITTLE SU1PBXDS OF. \ See Ste phaniT*. 

SILVER, BROMIDES OF. The protobromide or argentic bromide, 
AgBr, occurs native as bromarrjt/nlc , bromyritf , or bromic silver, in the district 
of Plat pros, and at the mine of San Onofro in Mexico; also with chloride of silver 
at Chanareillo in Chile, and at lliielgoct in Bretagne. It is usually found in small 
concretions, rarely in cu bo-octahedrons. Hardness = 1 — 2. Specific gravity — 
5*8 — G. It is seetile, has a bright yellow or greenish colour, and splendent lustre. 
The Mexican mineral contains 57*56 per cent, silver (Bertliier) ; the Chilian 67*43 
per cent. (Field); calc. 57*45 silver and 42*55 bromine. 

Argentic bromide is formed artificially by precipitating nitrate of silver with 
bromide of potassium. Tho precipitate is yellowish -white, curdy, insoluble in water 
mu! in acids, soluble in ammonia, but much less so than the chloride: according to 
l*o hi (Wien. Akad. Ber. xli. 627), 100 pts. of aqueous ammonia, of specific gravity 
0*986, dissolve 0*051 pts. of silver-bromide at 80°. It dissolves in concentrated 
aqueous bromide of potassium and in other alkaline bromides; also in hyposulphite 
of sodium, but not so readily as the chloride, and is precipitated from the solution by 
bromide of potassium. 

Argentic bromide, melts below a red heat. It is coloured greyish-violet on exposure 
to light, but not so strongly as the chloride. According to H. Vogel (Jahresb. 1861, 
p. 284), the product consists of argentous bromide, Ag'Ilr. The reduction is retarded 
by free nitric acid, but greatly accelerated by nitruto of silver, tho argentous bromide 
being then mixed with metallic silver, resulting from reduction of the nitrate itself. 
Argentic bromide is not decomposed by acids, but chlorine converts it into chloride of 
Bilver, with evolution of bromine. 

The hemibromide, or argentous bromide, is producod, as above mentioned, by 
the action of light on argentic bromide ; also by treating the corresponding oxide, Ag'O, 
with hydrobromic acid. (H. Vogel) 

SILVER* CARBIDES OF. The compound Ag*C is said bv Gay-Lussac to 
be formed when silver is fused in a crucible in contact with lampblack. Other com- 
pounds of Bilver and carbon are obtained as residues in the ignition of organic silver- 
salts, viz. Ag*Ca8 a yellow residue from cuminato of silver (Oerhardt ana Cahours, 
Ann. Ch. Phys. [3] 1. 76) ; also as a dull white fused metallic mass, by intense ignition 
of silver-cyanide (Liebig and Redtenbacher, Ann. Ch. Pharm. xxxviii. 129). 
According to Thaulow* however (Berz. Jahresb. xxxiii. 81, 228), this last product 
consists of paxacyanide of silver (iv. 342)* The compound AgC remains as a grey 
powder when aqueous pyro racemate of silver is heated for some time in the water- 
bath. The residue left m the dry distillation of the same salt appears to be a mixture 
of Ag*C and AgC (Berzelius, Pogg. Ann. xxxvi. 28). According to Regnault 
(Ann. Ch. Pharm. xix, 153), the monocarbide AgC is likewise obtained by nesting 
maLeate of silver. 

The carbides of silver are dissolved by nitric acid, with separation of carbon, and 
leave metallic silver when subjected to prolonged ignition in contact with the air. 

SILVER, CHLORIDES OF. Silver forms two chlorides analogous to the 
bromides. The protochloride or argentic chloride, AgCI, occurs n&tire as 
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horn-silver or Jeer argy rite, sometimes in cubes, octahedrons, regular dodecahedrons, 
and other monometrie forms, but more frequently in waxy masses, sometimes columnar; 
no cleavage. Hardness « 1 — 1*5. Specific gravity = 5*31 — 5 43 (D omeyko). It 
has a pearl-grey, greenish, or whitish colour, turning brown on exposure, and a resinous 
lustre passing into adamantine. Streak shining. Translucent in various degrees. 
Fracture somewhat conchoklnl , Arc tilt*. Khiproth found, in specimens from various 
localities, 73*6 to 76 per cent.. silver: the formula requireB V>'25 per cent. Horn- 
silver occurs in reins of clay-slate, accompanying other ores of silver ; also with several 
copper ores, ealcspar, heavy spar, &c. It is most abundant in Peru, Chile, and 
Mexico; it was formerly obtained in the Saxon mining district, but is now rare; it also 
ocean in Siberia, atKongsbeig in Norway, in Alsace, in Cornwall, and at Iluelgoet in 
Bretagne. At Andreasberg, in the Hartz, an earthy variety is met with called buttermilk 
ore, which, according to Klaproth, contains 24*64 per cent, silver, 8*28 hydrochloric 
acid, and 67*08 alumina. 

Argentic chloride is thrown down as a white precipitate, at fipst very bulky and 
curdy, when hydrochloric arid. or a soluble chloride is added to any soluble salt of 
silver except the hyposulphite; also, together with argentic hypochlorite, by passing 
chlorine gas into a solution of argentic nitrate. (Nuquet, Jahresber. I860, p. 201.) 

Precipitated argentic chloride hns a specific gravity of 5*7 (F. Mohr, Pogg. Ann. 
cxiii. 655). It is wholly insoluble in water , so that the minutest quantity of a soluble 
chloride in aqueous solution may bn detected by adding to it a drop of solution of 
silver- nit rate. The precipitate is likewise quite insoluble in nitric acid , even on 
boiling, also in dilute hydrochloric acid. Strong hydrochloric acid, however, dissolves 
it, and the solution, when left to evaporate, deposits the argentic chloride in octa- 
hedrons. The chloride dissolves easily in ammonia , and crystallises therefrom as the 
ammonia evaporates. According to Pohl (Wien. Akad. Ber. xli. 627), 100 pts. of 
aqueous ammonia of specific gravity 0*986, dissolve 1*492 pts. argentic chloride at, 80°. 
Argentic chloride dissolves in strong solutions of alkaline, chlorides , forming crystallis- 
able double salts, which are decomposed by water, the silver-chloride being thon 
precipitated. It. dissolves easily also in so die hyposulphite, and is not precipitated 
therefrom by chloride of potassium ; but bromide or iodide of potassium added to the 
solution, throws down bromide or iodido of silver (Field, Zoitschr. Ch. Pliarm. 1861, 
p. 126). The chloride is likewise converted into iodide or bromide of silver by 
digestion with solution of bromide or iodido of potassium, and on this reaction Field 
1ms founded a method of determining the proportions of chlorine, bromine, and iodino 
when they occur together in a mixture (see Bin )M ink, Kstimation of, i, 078). Cyanide 
of potassium dissolves chloride of silver, forming chloride of potassium and argento- 
potussic cyanide. Soluble sulphites also dissolve argentic chloride. 

Argentic chloride melts at about 260°, forming a transparent yellowish liquid, 
which, on cooling, solidities to a horny, translucent, sectilo mass. It is not decomposed 
liy heating with charcoal, but is easily reduced by heating in a current of hydrogen, 
hydrochloric neid being evolved, und metallic silver separated; also by ignition with 
alkaline carbon ales, an alkaline chloride being then formed, and a mixture of oxygen 
and carbonic anhydride evolved : e.y . — 

4AgCl + 2Ntt*C0 f - 4NaCl + 2CO a + 0 2 + 2Ag* 

Zinc , iron, and other easily oxidisuble metals, in contact with water, quickly reduce 
precipitated argentic chloride to the metallic state, still more quickly if the water ia 
acidulated with sulphuric acid. ISven the fused chloride laid upon a plate of zinc or 
iron, and covered with acidulated water, is converted after a few days into a spongy 
mass of metallic silver. Weak alkaline leys do not- act upon argentic cklorido, but 
when it ia boiled with a strong solution of potash, chloride of potassium is formed, 
and dense black silver-oxide is produced; the addition of glucose to the mixture 
quickly reduces the oxide to the metallic state. A similar reduction takes place when 
the chloride is boiled with glucose and aqueous carbonate of sodium; and this process 
is recommended by B 5 Mger (Conipt. rend. xl. 969) for obtaining pure silver from 
the chloride, instead of the reduction by zinc ubovo mentioned, inasmuch as, if the zinc 
contains lead, which is frequently the case, that metal, being insoluble in dilute 
sulphuric acid, will remain mixed with the silver. Brunner (J, pr. Chem. xci. 264) 
adds chloride of silver dissolved in ammonia, by drops nr in a fine stroam, to a clear 
boiling solution of 1 pt. glucose and 3 pts. crystallised sodic carbonate in 40 pts. 
water, keeping up the boiling without intermission. C, A. Muller (Jahresber. 1864, 
p. 285) effects the reduction : — a. By boiling 6 pts. silver-chloride for half an 
hour with 9 pts. soda-ley, of 1*333 specific gravity, lj pts. clarified honey, and 8 pts. 
water; b. By digesting 6 pts. silver-chloride in the cold with 9 pts. soda-ley, 4$ pts. 
honey, and 4 J pts. ammonia (specific gravity 0*925) ; or c. By digesting 5 or 6 pts. 



SILVER: CHLOROBROMIDE. 297 

silver-chloride at 25° for a month with 60 pts. ammonia and 9 pta« honey /See ulim 
II. Vogel, J. pr Chem. lxxxvi. 321 ; Jahresb. 1862, p. 223.) 7 V 

Argentic chloride quickly acquires a dark greyish-violet colour when exposed to 
light, the change being due to a partial or, according to some authorities, a total separa- 
tion of the chlorine. The most probable view', first propounded by Wetzlar ( Grudin's 
Handbook, vi. 161), is that the reduction is only partial, resulting in the formation of 
n subchloride of silver. According to H. Vogel (Pogg. Ann. cxix. 497; Jahresb. 1861, 
p. 285), the dark-coloured compound is the hemichloride, Ag a Cl, and is exactly 
similar to the product obtained by treating argentous oxide, Ag 4 G, with hydrochloric 
acid. The reduction is retarded by strong sulphuric or nitric acid, and by ferrous salts 
(which absorb the chemical rays), and completely arrested by fuming sulphuric acid or 
mercuric chloride. In a solution of argentic nitrate, on the contrary, it takes place 
more quickly than in the air or under pure water, and the reduced chlorido is mixed 
with a small quantity of metallic silver, resulting from reduction of the aqueous nitrate. 
Paper charged with argentic chloride is very sensitive to light, and is the material used 
for positive photographs, the unaltered chloride beiug afterwards removed by a solution 
of sodic hyposulphite (iii, 693 ; iv. 625). 

A m nom io-rhloride oftiilviv. — Dry chloride of silver slowly absorbs ammonia-gas to tho 
amount of 17 per cent., forming tho compound 3NH*.2AgCl f which easily gives off its 
ammonia when heated, and may therefore be used for the preparation of pure am- 
monia-gas — or of liquid ammonia, if heated in a sealed tube. Fused cliloride of silver 
takes up only a very small quantity of ammonia (H. Rose). — A saturated solution of 
argentic chloride in ammonia, left to stand in a vessel not perfectly closed, deposits 
rhombic crystals of the ammonio-ehloridc, often a quarter of an inch long. A dilute 
solution deposits pure argentic chloride (Faraday). The ammoniacai solution is 
quickly reduced by zinc and copper, the silver separating as a grey mossy powder. 
Lead acts in the sumo manner, but slowly ; antimony and cadmium imperfectly ; iron, 
bismuth, and mercury, not sit all. (Fischer.) 

Chloride of Silver and Ammonium, r > r A m meat i o-a, rgi n lie Chloride, (NII 4 )Cl.AgCJ, may 
be obtained in crystals by placing a solution of sal-ammoniac in one arm of a U-tube, 
a solution of argentic nitrate in the other, the two being prevented from mixing by a 
plug of asbestos in the bond of the tube, and connecting them by an arc of silver plate 
or wire ; tho cud dipping into the sal-ammoniac becomes covered after a wliilo with 
tetrahedral crystals of the double salt (Becquord, Gmdin's Handbook, i. 401). A 
solution of urgent ic chloride in boiling aqueous sal-ammoniac deposits, on cooling, 
nothing but argentic chloride* 

Jiario- and Pofassio-argmtic Chlorides are likowiso obtained in tetrahedral crystals 
by the electrolytic method just described. (Becquorel.) 

Sndio -argentic Chloride separates on cooling from a solution of argentic chloride in a 
hot saturated solution of common salt, in cubes, having the same form and aspect as 
those ot common Halt, but blackening when exposed to light. A more dilute salt-solu- 
tion likewise dissolves chloride of silver when hot, but. deposits it unchanged on cooling. 
Tho crystals of the double salt arc rosolved by a sufficient quantity of water into ar- 
gentic chloride, and a solution of sodic chloride. (Wetzlar.) 

Osmio-argentic chloride, 2AgC1.0sCl\ is produced on adding silver-nitrate or an 
ammoniacai solution of silver-chloride to a solution of sodio-osmic chlorido (iv. 243), as 
a dingy greyish -green precipitate, which, in contact with awnnoniii, is converted into 
the minium-coloured compound 2AgCLOsCl , .2NH“. (Claus, Jahresb. I860, p. 216; 
1863, p. 299.) 

Hemlchlorlde of Silver, or Argentous Cliloride, Ag ? CI. — This compound is 
most readily formed by treating argentous oxide with hydrochloric acid, or by precipi- 
tating a soluble argentous salt (the citrate, for oxamplo) with common salt. Its for- 
mation by the action of light on argentic cliloride has been already mentioned. 
According to Wotzlur, silver-leaf immersed in solution of ferric or cupric chloride is 
quickly converts! into brown lam i me of argentous chloride, which must be immediately 
taken out of the liquid and washed with water, as otherwise they will be converted 
into argentic chloride. Argentous chloride is also formed on bringing silver in 
contact with solution of sal-ammoniac, or of cupric chloride containing that salt. 

Argentous chloride heated to the temperature at which argentic chloride melts, is 
resolved into the latter compound and metallic silver; th© same decomposition is 
quickly produced by th© action of ammonia. 

8ILVEB, CBLOSOBSOMZBI ©l*. The chloride and bromide of silver occur 
crystallised together, in various proportions, in cubes and cubo-octahedrons, also 
massive. The minerals thus constituted vary in hardness from 1 to 1*6 ; in specific 
gravity from about 5 75 to 6 2 ; and have an olive or greyish-green colour, with resinous 
and somewhat adamantine lustre. 
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Analyses. — a. Embolite from ChaSareillo, in Chile (Field, Chem. Soc. Qn. J . x 239).— 
b. The same (Field).— c. The same, from the Colorado mine, near Copiapo : regularly 
crystallised; specific gravity <= 6'8 (PJattncx, Fogg. Ann. ixxvii. 134; Ixxviii. 
417 ). — d. Chanareillo (Field),— e. Megabromite , from Chile ; crystallised in cubes and 
octahedrons; green; specific gravity — 6*234 (Richter, Ramm. Mineralch. p. 989).— 
f. MtcrobromiU'-y from Copiapo ; greyrgreen, becoming darker on exposure to light ; 
specific gravity = 5 75 — 5*70 •* — 

a. b. c. d. 0. f. 


Ag s BrCl a 

AgHJr-CF 

AgWCl 

Ag*Br*Cl* 

Ag«BrCl» 

16-84 
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20*09 

33*82 

26*49 
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14*92 

13*18 

13*05 

5*00 

9*32 

17-66 

68*22 

66*94 

66*86 

61*07 

64*19 

70*04 

99*98 

99*94 10000 

99*89 

100*00 

100-00 


BZLVBS, DETECTION AND ESTIMATION OZ\ 1. Reactions in the 
dry way. — Silver compounds mixed with sodic carbonate, and heated upon charcoal by 
the inner flaino of the blowpipe, aro reduced, yielding brilliant white metallic globules, 
without any incrustation of the charcoal. Heated with borax in the outer flamo on 
platinum-wire, they aro partly reduced and partly dissolved, yielding a white opaline 
glass. With microcosmic salt they yield in tho outer flame a yellowish glass, which 
becomes opaline when the amount, of silver is largo. By daylight this glass appears 
yellowish, and by candlelight reddish. 

2. Reactions in Solution, — The most characteristic reaction of saline silver- 
compounds in solution, is the formation of silver-chloride. Silver-salts which are 
insoluble in water may generally be dissolved by nitric acid, and the solution givos the 
same relictions us the soluble suits. 

Hydrochloric acid and soluble chlorides produce a white curdy precipitate of silver- 
chloride, w’hicli is insolublo in boiling water and in dilute nitric acid, but is readily 
dissolved by ammonia. On exposure to light it gradually acquires a violet tinge, and 
eventually becomes black. Tho admixture of a small proportion of mercurous chloride 
prevents or retards tho coloration of silver-chloride on exposure to light. In very 
dilute solutions of silver, tho separation of the chloride precipitate takes place but slowly, 
and they present for some time a whitish opalescent appearance. 

A precipitate of lead-chloride is distinguishable from silver-clilorido by its solu- 
bility in boiling water; a precipitate of mercurous chloride is distinguishable by its 
insolubility in ammonia, and by turning black with that reagent. 

Potassium-iodide produces a slightly yellowish- whito precipitate of silver-iodide, which 
is soluble in excess of tho reagent, very sparingly soluble in ammonia, and insoluble in 
dilute nitric acid. 

Potassium-cyanide product's a whito curdy precipitate of silver-cyanide, which is 
ruadily soluble in oxcces of tho reagent, ami insoluble in dilute acids. 

Sulphydric acid and ammonium-sulphide produce a black precipitate of silver- 
sulphide, which is insoluble in ammonium-sulphide, in dilute acids, and in am- 
monia. 

Ammonia or potash produces in neutral silver-solutions a brown precipitate of silver- 
oxido, which dissolves very readily in ammonia and in ammonineal salts. 

Alkaline carbonates produce a white precipitate of silver-carbonate, which is soluble 
in ammonia and carbonate of ammonium. 

Sodic phosphate produces in neutral solutions a yellow precipitate of tri basic silver- 
phosphate, which is soluble in ammonia and nitric acid. 

Oxalic acid produces in neutral solutions a white precipitate of silver-oxalate, which 
is soluble in ammonia, and sparingly in nitric add. 

Potassium-chromate produces a dark-brown precipitate of silver-chromate, which is 
slightly soluble in water, and soluble in ammonia and dilute nitric acid. 

Stannous chloride in excess produces a brownish-black precipitate of metallic 
silver. 

Ferrous sulphutc produces in neutral solutions a white precipitate of metallic 
silver. 

Zinc produces a precipitate of metallic silver; it also separates silver from silrer- 
chlorido in presenco of water, 

3. Estimation and Separation . — Silver maybe separated from most other 
metals, and estimated with gnat precision as chloride. For this purpose the sub- 
stance is to be dissolved either in water or nitric acid; the solution mixed with a slight 
excess of nitric acid, and with hydrochloric acid, as long as any precipitate or milkiness 
is produced, then warmed in a dark place until the precipitate has separated, and the 
liquid has becomo perfectly clear. The chloride is then collected upon a filter of known 
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weight, washed with Acidulated water, dried, and weighed. This is the most accurate 
but also the most troublesome plan of weighing. The filter may be burnt, but in that 
case it is necessary to burn it after having separated the precipitate from it, so as to 
prevent as much as possible the reduction of silver. The small portion of chloride 
which cannot be detached from the paper is decomposed, and remains as silver in the 
filter-ash. The slight error which would be caused by weighing this as chloride can 
be rectified by warming the ash in a porcelain crucible with a few drops of nitric acid 
for some minutes, then adding hydrochloric acid, and evaporating to dryness. The 
remainder of the chloride may then be added, the whole heated till it begins to melt, 
and then weighed. (Compare i. 804.) 

Silver may also be estimated as cyanide by adding potassium-cyanide to the 
solution, until the precipitate, which is at first produced, is redissolved ; then adding 
nitric acid in slight excess, and warming. The precipitated silver-cyanide is collected 
on a weighed filter, dried at 100°, and weighed. 

Estimation as Metallic Silver. — In the case of silver-salts from which tho metal is 
reduced by simply heating them, this method of estimation may be conveniently 
adopted. The substance should bo gradually heated in a porcelain cruciblo till the 
whole of the carbon is burnt. 

Volumetric Estimation of Silver. — The readiness with which silver-chloride subsides 
in a liquid from which it is precipitated admits of the point of perfect precipitation 
being observed with great precision. (See Silver Assay.) 

The separation of silver from other metals and their salts is generally unattended 
with any difficulty. From solutions containing zinc, manganese, iron, nickel, cobalt , 
copper, bismuth , cadmium, yo 7 d t piitinnm , it may easily bo separated by precipitation 
as chloride, l'rom lead it may be separated in the sumo way, when tho proportion of 
bad to silver is not largo. Or both metals maybe precipitated as cyanides, tho silver- 
cyanide dissolved by an excess of the reagent, tho insoluble lead-cyanide separated 
by filtration, and the silver-cyanide precipitated from the solution liy nitric acid. Or 
the neutral solution may be heated with an alkaline foriniate, until there is no longer 
any evolution of carbonic acid. Silver only is reduced, and may be collected by 
filtration, ignited, and weighed. 

From mercury in the state of mercuric salts, silver may bo easily separated as 
chloride. When silver is associated with mercurous compounds, it is best to convert 
them, by heating with nitric acid, into mercuric compounds, and then precipitate tho 
silver as chloride. 

From tin , antimony, arsenic, or mercury, tho best method of separation is to pre- 
cipitate the metals as sulphides, and heat the precipitate carefully in an atmosphere 
of chlorine gas, gnulually raising tho temperature to dull redness, so as to distil off 
the volatile chlorides. The silver-chloride remaining may bo weighed, or tho silver 
reduced by heating it in a current of hydrogen gas. 

4. The atomic weight of silver 1ms been determined in connection with those of 
chlorine and potassium (i. 905). Stas obtained, as tho moan of a great number of 
experiments conducted by different processes, the number 107 943 (i. 456). B. II. P. 
SM&VTB*, 7AHL-OSXL See Tktuaiikokitk. 

SILVSft, FLUORIDE OF. Argentic Fluoride, AgF. Produced by dissolving 
argentic oxido or cartionatc in aquoous hydrofluoric acid. The solution when evaporated 
in a vacuum, or concentrated over tho water-bath, and then left to stand, deposits large, 
transparent, colourless, hard prisms, mostly aggregated lengthwise, consisting of the 
hydrated fluoride, AgF.2H*0 (Fremy, Jnhresber. 1856, p. 87. — Pfaundler, ibid. 
1862, p. 305). Marignac, on the other hand (ibid. 1867, p. 129), obtained tho 
fluoride in quadratic octahedrons, containing AgF.TPO. The dehydrated crystals are 
deliquescent, and when left over oil of vitriol, especially in a vacuum, give off water 
and hydrofluoric acid, and aro converted on the surface into a yellow oxyfluoride 
(infra). When fused, they give off their water and leave the anhydrous fluoride AgF — 
not, however, quite pure, inasmuch ns hydrofluoric acid and oxygen are given off at 
the same time (Pfaundler). When chlorine gas is passed over fused silver-fluoride, 
chloride of silver is formed, and fluorine is set free (ii. 673). Tlie aqueous solution of 
silver-fluoride gives with hydrochloric acid a precipitate of chloride, and with potAsh a 
precipitate of oxide of silver. It is easily decomposed also by organic acids, yielding 
precipitates of the corresponding silver-suits, which are in this way more easily pre- 
pared than from the ordinary solution of argentic nitrate, inasmuch as they are much 
less soluble in free hydrofluoric than in nitric acid. (Pfaundler.) 

Argentic Oxyfluoride, Ag 4 F 2 O.H‘'G or AgF.AgHO. — This compound is formed 
when a solution of the fluoride is strongly concentrated over the water-bath ; also, as 
nlready observed, when the crystals of the hydrated fluoride are left to stand over oil 
of vitriol. It forms brass-yellow crystalline spangles, which dissolve in water with 
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separation of argentic oxide. The solution gives with cftrbo« 

argentic carbonate, whereas a solution of the fluoride is not precipitated by a stream 

of the gas. (Pfaundler.) 

flllVBR, FU1MINATINO. A detonating compound, discovered by Ber- 
thollet. To prepare it, silver-oxide recently precipitated from the nitrate by lime- 
water, and freed from excess of moisture by pressure between filtering-paper, is treated 
with strong aqueous ammonia , and left to itself for twelve hours; more ammonia is 
then poured upon it, to dissolve the him which hue formed on its surface; the liquid is 
decanted; and the still moist fulminating silver is divided into very small portions, 
and left to dry (Berthollet). Faraday prepares the compound by treating silver- 
oxide with a mixture of caustic potash and ammonia. It is also said to be obtained 
by precipitating a saturated ammoniacal solution of silver-chloride with caustic potash. 

It is an exceedingly dangorous compound, exploding with the greatest violence, when 
dry, on the slightest friction, and often oven in the moist state, from unknown causes. 
Hence its composition has not been ascertained with certainty. By some it is sup- 
posed to bo a compound of argentic oxide and ammonia, while others regard it as an 
amido or a niti-ido of silver. 

Tho aimnoniaeal liquid decanted from fulminating silver sometimes deposits black, 
metallic-shining, explosive crystals. These are, perhaps, the pure fulminating silver, 
tho ordinary pulverulent product containing also admixed silver-oxide or metallic silver. 
(Handw. d. Chem. vii. 9G1.) 

8Z&VSB, HOBV. Nativo chloride of silver. 

BIDVER, IODIDES OF. There appears to be but one compound of silver and 
iodine, viz. argentic iodide, Agl. This compound occurs native as iodargyrite or 
iodyritc, in hexagonal crystals, exhibiting the combination oP . ceP . 4P . 2P . £P. 
Length of principal axis =* 0-81438. Anglo oP : P = 138° 46'. Cleavage basal, 
highly perfect. It occurs also in thin flexible plates, with lamellar structure. It is 
soft and sectile ; has a specific gravity of 5-504 ; yellow or yellowish-green colour, 
yellow streak and resinous to adamantine lustre ; translucent. It melts easily before 
the blowpipe to a greyish-yellow mass, colouring the flame red, and on charcoal leaves 
a bead of silvor. (De scloizeaux, Ann. Ch. Phys. [3] xl.) 

Iodyrite is found at Abarradon in Mexico, at Loa Algodones in Coquimbo and at 
Chanareillo, Chilo, -and at Huadajara in Spain. The following are analyses of 
specimens from Los Algodonos: a. by Homey ko (Ann. Min. [4] vi. 153); b. by 
Hamour {ibid. [5] iv. 329); c. and d. by Smith (J. pr. Chem. lxiii. 457): 

a* A c. d. rale. 

Iodine ... — 54-03 52-93 53 11 64 03 

Silver . . . 48-25 45*72 46 62 4638 4597 

99-75 *99-45 99*49 T00 7 00 

Argentic iodide is produced by heating silver with iodine, and as a precipitate on 
mixing a solution of argentic nitrate with hydriodic acid or a soluble iodide; also by 
the action of iodine on a solution of argentic nitrate. 

When strong hydriodic acid is poured upon silver, the metal dissolves, with evolution 
of hydrogen, till the acid is saturated : on heating the liquid the action begins again, 
and tho solution on cooling deposits large colourless crystalline lamin® of hydro- 
argentic iodide, Agl.HI, which however quickly decompose on exposure to the air. 
The decanted mother-liquor yields, on standing, hexagonal prisms of argentic iodide 
very much like tho native compound. When silver is immersed in a mixture of 
hydriodic and hydrochloric acid, nothing but argentic iodide is formed ; the same 
compound is also formed, with rise of temperature and evolution of hydrochloric acid, 
when argentic chloride is immersed in concentrated hydriodic acid. When silver ib 
plunged into iodide of potassium melted in a porcelain crucible, argentic iodide is 
formed ; and the potassium is partly oxidised, and dissolves a portion of silica 
from the crucible; sometimes also the potassium reduces a Braall quantity of silicon. 
(H. St. Claire Devi lie, CVmipt. rend. xlii. 894.) 

Precipitated argentic iodide has a specific gravity *=■ 5*02 (Kars ten) ; 5*61 
(Boul lay). When precipitated with excess of potassium-iodide, it has a pale- 
yellow colour, and is scarcely affected by light ; but when precipitated with excess of 
silver-nitrate, its colour is darker, and is changed by light to a pale-grey, or, in 
presence of silver-solution, to a deep greenish-black grey. This change of colour is 
not attended with, liberation of iodine, and does not indeed appear to depend on a 
chemical action. It is retarded by acids ; and nitric acid restores the original colour of 
the iodide without dissolving out any silver: the colour is bIho restored by iodide of 
potassium (V ogel, Jahreab. 1863, p. 28 >). On the use of argentic iodide in photo* 
graphy, see Light, Chemical Action of (iii. 693), and Photography (iv. 626). 
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Argentic^ iodide resembles the bromide and chloride in most of its chemical 
relations. It is insoluble in water and dilute acids, and scarcely soluble in ammouiii 
1 pt. of it requiring, for solution, 2,500 pts. of aqueous ammonia of specific gravity 
0*96 (Martini). * It is insoluble in cold solutions of alkalincc chloride*, and hot 
solutions dissolve only traces of it ; in concentrated solution of potassium -iodide, on 
the contrary, it dissolves abundantly, the solution when diluted with water yielding a 
precipitate which contains the whole of the silver; it dissolves slightly in hyposulphite 
of sodium, and is precipitated therefrom by iodide of potassium. (Field, Zeitschr. Ch. 
Pharm. 1861, p. 126.) 

Argentic iodide assumes a deep yellow colour when heated, becoming pale again on 
cooling. At a low red heat, it melts easily to a dark red liquid, which, on cooling, 
solidifies to a dingy yellow translucent mass, exhibiting a granular fracture. 

Chlorine passed over argentic iodide at ordinary temperatures immediately turns it 
white; and on gently heating it, iodine is given off, and puro argentic chloride 
remains behind. The iodide is not decomposed by phosphoric or by dilute nitric acid, 
but when heated with strong nitric or sulphuric acid , it gives off iodine. It dissolves 
easily in solution of mercurous nitrate . . By fusion with alkalis, and by the action of 
zinc t &c. in presence of dilute acids, it is decomposed in the same manner os the 
chloride. 

Argentic iodide heated with solution of argentic nitrate forms the two double salts, 
AgI.2AgNO» and Agl.AgNO’ (iv. 105). 

Argentic iodide (not fused) absorbs 3 6 per cent, ammonia gas, forming the compound 
2AgI.NH 3 or AgI.(NH*Ag)I, which gives off its ammonia again on exposure to tho air. 
(Ra mm els berg.) 

Argento-potassic Iodides . — A hot concentrated solution of potassic iodide part ially 
saturated with argentic iodide, solidifies on cooling to a crystalline mass of the salt 
AgI.‘2KI ; hut if the solution bo completely saturated with argentic iodide at tho 
boiling heat, it deposits the salt Agl.KI, which may bo crystal list'd from hot alcohol 
without decomposition. Tho crystals turn yellow in drying, and blue on exposure to 
light (Boll ay, Ann. Ch. Phys. [2] xxiv. 377). Both these salts are decomposed by 
cold alcohol and by water. 

8Z&VSS, ZODOBROMZDB OF. Said to occur native iu Chile. (Buna, ii. 
500.) 

BXXiVZSR, NATIVE. Silver occurs in the metallic state more or less alloyed with 
gold, platinum, copper, and other metals, in cubes, octahedrons, and nionometric forniH ; 
also in masses, or in arborescent and fiLiform shapes, traversing calespar, quartz, 
gneiss, slate, &c. Hardness = 2.0 — 3. Specific gravity =* 10*1 — 11*1. Lustre 
metallic. Colour ami streak silver-white, bocoming greyish-black by tarnishing. It 
is meat abundant in Peru, where indeed most of the silver occurs in this state: found 
also in Mexico, and in smaller quantities at several localities in the United States. 
Very fine specimens are found at Kongsberg, in Norway. It occurs also in some of- 
the Saxon and Bohemian mines, and in small quantities at Andreasherg in the Hartz, 
in Suabia and Hungary, at Allemont in Batiphiny, near Beresof in tho Ural, at 
Schlangenberg in tho Altai, and iu some of tne Cornish mines. Horn-silver and 
silver-glance occur as pseudomorphs after native silver. (Buna, ii. 15). 

BXJjVJBR, NITRIDE OX*. BerthollePs fulminating silver is sometimes re- 
garded as a nitride or amide of silver (p. 300). 

BILVER ORES. Minerals containing silver as an essential constituent., and 
available for the mctallurgic extraction of silver when they occur in sufficient quantity. 
Such are : — 


Bromargyrite or Bromyrite, AgBr 
Brongniarditc, 2(Pb ; Ag*)S . Sb*S* 
Biscrusite, Ag*Sb 
Embolite, Ag(Cl ; Br) 

Eukairite, (Ag 2 ; Cu*)S© 

Freibergite, 4Ag*S . Sb*S*, and other so- 
called Fahl-ores, containing silver to- 
gether with copper and lead. 
Freieslebenite, 5(Ag* ;Pb)S . 2Sb 2 S", and 
the allied mineral Kenngottite. 

Hessite or Telluric Silver, Ag^Te. 
Horn-silver, AgCL 
Iodargyrite, Agl. 

Miargyrite, Ag*S . Sb 2 S* and the allied 
minerals Hypargyrite, and the Fire- 
blendes. 


Naumannite, A g ? Se. 

Polybasitc, 9Ag-‘S . SlrS*. 

Proustite, 3Ag 2 S . A»*S* 

Pyrargyrite, 3Ag 2 S . Sb 2 S‘. 

Sol bite, Ag 2 O.CO*. 

Silver-amalgam, Ag*Hg. 

Silver-glance or Argentite, Ag*S; also 
Acanthite, which the same comjto- 
sition, but crystallises in trimetric forms. 
Stephanite, 6Ag‘*S . Sb*S*. 

Stern bergi te, 3(Fe; )S . Fe*S*. 

Stromeyerite, or Silver-copper-glance, 
(Ag*;Cu*)S. 

Xantn<jcone,3Ag*S.A8 2 iS* + 3Ag*S . A»*8* 
or Ag*AsS* . Ag'AsS 4 , and the allied 
mincnil, Rnttingerite. 
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Many other minerals— as lead, copper, iron-ores. See. — are also regarded as silver* 
ores, when they contain a sufficient quantity of silver for profitable extraction (p. 279), 

SX&VBlt, OZX9BB OF. Silver forms three oxides, represented by the formulas 
Ag 4 0, Ag*0, and AgW. 

Hemloxide Of Silver f or A rgent o as Oxide, Ag’O. Suboxide or Quadrantoxide of 
Silver. — This oxide, discovered by Wohler in 1839 (Ann. Ch. Pharm. xxx. 1), is ob- 
tained by passing hydrogen-gas over argentic oxalate, mellitate, or citrate heated to 
100° half the acid being then set free , and a dark-brown argentous salt remaining-. 
Tho free acid may he removed by water, which dissolves only a small quantity of the 
argon fous salt, hut forms a brown-red or portwine-coloured solution. Argentoua salts 
are also produced in some instances by passing hydrogen into ammoniacal solutions 
of argentic salts (Wohler, Ann. Ch. Pharm. cxiv. 119). From the solid salts or their 
solutions, the argentous oxide is separated by caustic potash as a black precipitate. 
According to Couth er (ibid. cxiv. 121), argentous oxide is formed by tho action of 
cuprous hydrate on solution of argentic nitrate. Wohler (ibid. ci. 363) has also 
obtained it, mixed with metallic silver, by repeatedly boiling argentic arsenite with 
soda-ley. 

Argentous oxido, when pure, doos not change colour in drying, and docs not acquire 
metallic lustre under tho burnisher. Hydrochloric acid andhydrobromic acid convert 
it into argentous chloride and bromide respectively. By oxygen-acids and by ammonia 
it is resolved into argentic oxide ami metallic silver. 

According to Faraday (Ann. Ch. Phys. [2] ix. 107), a solution of argentic oxido in 
ammonia deposits, on exposure to the air, a body which is grey by reflected light, bright 
yellow in thin layers by transmitted light, and melts when heated, giving off oxygen, 
and leaving metallic silver. 

Protoxide of Silver or Argentic Oxide, Ag*0. This oxido is obtained in tho 
pure state — 

1. By heating argentic carbonate to 200°. 

2. 13v decomposing a solution of silver-nitrate with caustic alkalis, certain precautions 
being, however, necessary to prevent the simultaneous formation of carbonate, o. Tho 
ft! hror-flulution is poured into a hot saturated solution of baryta, in such quantity as to 
leave the liquid with a distinct alkaline reaction ; and tho precipitate is left to settle in 
a corked flask, then drenched with cooled de-atirated water, in closed vessels. Tho 
oxide thus obtained is a brown powder, becoming black when dried at 60° or 70°. — 
fi. By mixing concentrated hot solutions of potash and argentic nitrate, the oxide is 
at once obtained* in the form of a black powder, which settles down quickly and is easy 
to wash. 

3. By precipitating a cold solution of argentic nitrate with hydrochloric acid, washing 
tlio precipitated chloride with cold water — then levigating it with a small quantity of 
water, and pouring it into boiling potash-ley of specific gravity 1 *25 to 1’3, so slowly 
its not to interrupt the boiling, the argentic chlorido is decomposed, and the pure oxide 
is obtained us a soft bluish-black powder. If it be not completely soluble in nitric 
acid, it must bo triturated in a porcelain mortar with fresh potash-ley apd again 
boiled. 

4. Argentic oxido is also formed when silver is very strongly heated in the oxy- 
liydrogen flame, or in the electric are. 

Argentic oxide is u brown or black powder of specific gravity 7’143 (Herapath), 
7*250 (Boullay). According to Bineau (Compt. rend. xli. 509), it dissolves in 3,000 
pts. of water, forming a solution which yields a precipitate with chlorides and phosphates, 
has a faint alkaline reaction, and a nauseous metallic taste. Argentic oxido is a strong 
base, and neutralises acids completely, forming the argentic salts. According to H. 
Bose (J’ogg. Ann, lxxxv. 304), the recently procipitated and still moist oxide absorbs 
carbonic acid from tho air. After drying at 60° or 70°, it is anhydrous. It gives off 
a certain quantity of oxygen at 100 u , also when exposed to sunshine; but whether 
argentous oxide or metallic silver is thereby produced is not exactly known. At a 
stronger heat it is quickly resolved into metallic silver and oxygen. 

Argentic oxide is easily reduced by oxidable substances. According to Bo tfcger 
(J. pr. Chem. xc. 32), the following substances are set on fire when triturated with it 
in the dry state, even on paper sulphide of gold, black sulphide of antimony, realgar, 
orpiment, milk of sulphur, selenium, amorphous phosphorus, and tanDic acid. Creosote 
also burns with scintillation when dropped on dry argentic oxide. The oxide is reduced 
to metallic silver completely by aqueous phosphorous acid, partially by aqueous sul- 
phurous acid, with simultaneous formation of argentic phosphate or sulphate. Under 
water it is reduced to metal by contact with zinc, tin, or copper, but not by iron or 
mercury (Fischer). Aqueous hypoehlorous acid converts it into argentic chloride;, 
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with evolution of oxygen (Balard). It is not altered l.y potash-ley or soda-lev. 
but strong aqueous ammonia converts it into fulminating silver (p. 300.) * 

Peroxide of Silver or Argentic Bloxide, Ag*0*. -Discovered by Bitter in 
1814. It is formed when a concentrated solution of argentic nitrate is electrolysed, 
with two thick platinum-' wires for poles, and is deposited in crystals on the positive 
pole, while metallic silver separates at the negative polo. The crystals, however, always 
contain argentic nitrate, either in combination or mechanically enclosed (Fischer, J. 
pr. Chem. xxxii. 108. — Gm el i n and Mali hi, Ann. Cl i. Plmrin. Ixxxii. 289). Atriid- 
jug to Schonbei n (J. pr. Chem. xli. 321; lxxiv. 324), pun' aigentie dioxide may ho 
prepared by the action of ozone on pulverulent silver. Jt. dissolves in cold nitric acid, 
to a deep brown liquid, which remains undecomposod at ordinary temperatures, deposits 
tho dioxide when considerably diluted with water, and is resolved by heat into oxygen 
and argentic nitrate. 

Argentic dioxide, when cautiously heated, gives off oxygen, and leaves the protoxide; 
but when quickly heated to 110°, it suddenly gives off oxygen with slight explosion. 
Hydrochloric acid converts it into argentic chloride, with evolution of chlorine. When 
thrown into ammonia, it rapidly eliminates nitrogen gas, and runs about in tho liquid 
till it is dissolved. Sulphuric and nitric acid convert it into argentic suits, with 
evolution of oxygen. Hydrogen reduces it only when heated, but then with slight 
explosion. When thrown into hydric peroxido, it is quickly resolved into metallic 
silver and oxygen. 

SILVER, OXYGSVT-BAXiTS OF. Silver forms two classes of oxygen-salts, 
corresponding with the argentic and argentous oxides. Tho argentic suits aro 
formed by dissolving metallic silver in oxidising acids, or by double decomposition. Tho 
nitrate, chlorate, and perchlorate arc easily soluble in water; the rest are insoluble or 
(Sparingly soluble. Their reactions have already been described (p. 298.) 

Argentous salts are produced by the action of reducing agents on argentic salts. 
Wohler originally prepared them by gently heating argentic salts in a current of hy- 
drogen (p. 309). In many cases, however, they aro more easily obtained by passing 
hydrogen gas into ail amnumincal solution of an argentic salt heated to about 1)0° ; in 
this manner Rautenborg (Ann. Ch. Plmrm. cxiv. 119) has obtained tho chromate, 
molybdate, and tungstate. — Argentous chromate is thus produced, even at ordinary 
temperatures, mixed, however, with a little metallic silver (to which it is completely 
i nduced at «j 0°). It is a black powder, which is immediately reddened and dissolved 
by strong nitric acid ; dilute nitric acid dissolves it with green colour, the chromic acid 
being reduced to chromic oxide. — -Argentous molybdate, Ag'O.'iMoO 3 , has been already 
described (iii. 1 041). — Argentous tuny state, Ag*0.2WO*, is a black glittering powder, 
which under the microscope exhibits crystals apparently with rhombic faces. Nitric 
acid dissolves the silver from it, separating yellow tungstic acid ; potash, on the other 
hand, extracts the tungstic acid, and separates argentous oxide. An ammoniacal solu- 
tion of argentic arsenate is turned brown by hydrogen gas, and very slowly deposits a 
small quantity of a black powder. A solut ion of ferrous sulphate immediately reduces 
argentic arseniate and triargentic phosphate to a black powder, consisting of argentous 
oxide mixed with metallic silver; argentic oxalate is reduced by the same solution to 
metallic silver. (Jahrcsb. I8G0, p. 200.) 

A solution of argentous citrate, or mellitate decomposes gradually on exposure to the 
air, and immediately on boiling into metallic silver and argentic salt. The same salts 
dissolve easily in ammonia, forming a yellowish-red liquid. Common salt added to 
these (solutions throws down brown argenlous chlorido. 

SIX* VSR, FHOSFHX2M3 OF. When phosphorus is thrown upon melted silver, 
r phosphide is formed, from which part of the phosphorus separates as the fused mass 
solidifies, and then burns in the air. Phosphide of silver is also formed by fusing 
silver with glacial phosphoric acid and charcoal (Pelletier), or argentic phosphate 
with charcoal (Landgrebe). Tho phosphide obtained by the first and second 
methods is white, granular, and crystalline, splits under the hammer, but may be cut 
with a knife; it contains 20 per cent, phosphorus (AgP requires 22-3 per cent.). 
That prepared by Landgrebe’s method is scoriaccous, brittle, sectile, exhibits a 
silvery lustre when filed, and contains 33'2 per cent, phosphorus (AgP* requires 36'4 
per cent.). 

When finely divided silver is gently heated in phosphorus-vapour, a blackish-grey 
phosphide, Ag^P*, is obtained, of specific gravity 4 ’63, easily soluble in dilute nitric arid, 
insoluble in hydrochloric acid : it is difficult to prepare, os if the heat applied is rather 
too high, some of the phosphorus is driven off. When a solution of silver-nitrate is 
treated with phosphoretted hydrogen-gas, a precipitate is formed, which, according to 
Landgrebe’ s somewhat doubtful statements, is a phosphide containing 16*5 per cent. 
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phosphorus, agreeing nearly with the formula Ag 8 P*. According to H. Bose, however, 
it consists of pure suver. (Handw. d. Chem. vii. 000.) 

BI&VSX, MBS# or XTTSTi This name includes two silver-ores, both consisting 
of argentic sulphantimonitcs — viz,, dark-red silver-ore, or pyrargyrite, BAg'-'S.Sb*^, 
(iv. 740), and light red silver-ore or proustite, 2Ag-S.Sb' i S s (iv. 764). 

US VSR# SSLEITZDS OF, Ag 2 8e. Silver acquires a black tarnish by contact 
with the vapour of selenium, selenious acid, or eelenhydric acid. The compound is 
easily formed by melting silver and selenium together. Solonhydric acid passed into a 
solution of silver, forms a black precipitate, which becomes dark-grey when dry, and 
melts without decomposition at a rod heat, forming, when cold, a silver- white somewhat 
malleable muss. It is not completely deprived of its selenium by roasting, or even by 
fusion with alkalis or borax ; iron unites with it, forming a dark-grey compound. 
•Selenide of silver dissolves in boiling nitric acid, the solution containing argentic selenite. 
On fusing the prod pi tn tod selenide with more selenium, it is converted into the 
dise/cn id e, Ag-S 2 which melts to a specular mass, retaining its selenium on ignition, 
hut giving it up when rousted. 

Selenide of Silver and Lead . — The mineral nauraannite, found at Tilkerode in the 
Hartss, consists of isomorphous mixtures of the selenides of lead and silver. It occurs 
in cubes, with perfect cubic cleavage ; also massive, granular, and in thin plates; hard- 
ness *=2*5 ; specific gravity ==8*0 ; lustre metallic, splendent; colour and streak iron- 
black. A specimen, analysed by Q. Kose, contained 23-53 per cent. Se, 6.5-56 Ag, and 
4*91 Pb; another, analysed by Ha mm el's berg, gavo 26*52 Sc, 11*67 Ag, and 60*15 
Pb ( = 98*34). The first is nearly PbSe.l3Ag 2 Se ; the second (4 — 5)PbSe.Ag 2 Se. 

Selenide of Silver and Copper , AgCiTSe or Ag 2 Se.Ou*Se. — This is the composition of 
©ukairito from Smfilund, Swede u (ii. 605). 

SXX.VSR, BEIENZOCYANATB OF. See Seleniocyanates (p. 220). 

SXXiVSRfl SZTX«FKn>X2 OF. Argentic Sulphide , Ag’ 2 S. — This, which is tho only 
known compound of silver and sulphur, occurs native assilvor-glancoorargyrose, 
in cubes, octahedrons, rhombic dodecahedrons, and intermediate forms, occasionally also 
with faces of the trapezohedron and triakis-octahedron (ii. 125, 126). Tho crystals 
are often distorted and irregularly developed, or aggregated in tooth-shaped, step- 
shaped, dendritic, striated, filiform, or capillary groups ; it also occurs in amorphous 
masses, and as an earthy deposit. The crystals exhibit cubic and dodecahedral 
cleavage. Hardness = 2 5. Specific gravity = 7‘196 — 7*365. Lustre metallic ; 
colour and streak blackish load-groy ; opaque ; fracture small, conchoi'dal, uneven, 
lie fore the blowpipe, on. charcoal, it melts, swells up strongly, gives of F sulphurous 
anhydride, and finally loaves a fused button of silver. Silver-glance occurs in 
veins traversing gneiss, granite, mica-slate, &c., and often in very large masses, in 
Saxony, Bohemia, Hungary, Norway, Siberia, Mexico, Peru, Chilo, and other localities. 

It is seldom found cjuite pure, being usually more or less mixed with tho sulphides of 
lead, copper, and iron. Pure argentic sulphide contains 87*1 per cent, silver. 
Klaproth found in a crystallised specimen from Freiberg 85 3, and in a massive variety 
from Joachimsthal 86 per cent, silver. Lindaker found in a crystallised variety from 
tho same locality, 14 46 per cent, sulphur, 77*58 silver, 3*68 lead, 1*53 copper, and 2*02 
iron ( =* 99*27). 

Ac an tlii to is utrimotric variety of argentic sulphide occurring at Joachimsthal in 
tho Erzgebirge, in small crystals of specific gravity 7*31 — 7’36, isomorphous with copper- 
glance (ii. 76). 

Argentic sulphide is formed artificially by fusing silver with excess of sulphur. 
According to Durocher (Compt. rend, xxxii. 823), it may be obtained in the crystalline 
state by mixing sulpliydric acid gas with the vapour of argentic chloride. Becquerel 
slso obtained it crystallised by filling one arm of a U-tubo with solution of potassio 
sulphydrate, the other with argentic nitrate, and connecting the two liquids by an arc 
of silver. The end dipping into tho alkaline sulpliydrate then became covered with 
beautiful prisms of sulphide of silver and potassium, which were gradually decomposed 
l»y the nitric acid eurriod over to them, yielding sulphate of potastium and octahedral 
crystals of argentic sulphide. The compound is likewise formed by the action of sul- 
phydric acid on metallic silver (p. 278), and as a brown or black precipitate when 
sulpliydric acid gas is passed into silver-solutions. 

Artificial argentic sulphide has a density of 6*85 (Kars ten). After fusion, it 
solidifies to a lead-grey, metallic-shining, malleable mass, soft enough to be cut with 
a knife, and to be used for forming medallions with the die. Faraday supposed that 
argentic sulphide conducts electricity, like a metal, without decomposition, its con- 
ducting power however increasing with rise of temperature, like that of an electrolyte; 
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Hittorf, however, has shown (Fogg. Ann. Ixxxiv. 1) that when free hum metallic sQvw 
it conducts only in proportion as it is decomposed. 

Argentic sulphide is insoluble in water, ammonia, cyanide of potassium, and dilute 
nitric add ; strong nitric acid however dissolves it, with separation of sulphur. It is 
very slowly decomposed by ignition in the air, and if the temperature is not very 
high, argentic sulphate is produced, which requires a very strong heat to decompose it 
When ignited in hydrogen, it gives off sulphydric acid, but it is difficult to remove the 
whole of the sulphur even in this way. Chlorine gas does not decompose it in the 
cold, and acts but slowly upon it when heated (H. Bose). It is not decomposed by 
solution of cupric chloride, unlesB chloride of sodium is also present, in which cas* 
argentic chloride and cuprous sulphide are produced. 

Argentic sulphide may be fused in all proportions with metallic silver. The fused 
sulphide is quickly decomposed by iron, with formation of ferrous sulphido and 
separation of metallic silver containing iron. Lead acts in like manner, the 
excess of lead, however, taking up the whole of the silver. 

Argentic sulphide is us ied, in conjunction with other metallic sulphides, for prod ucirg 
black designs on engraved silver ; this art is called nulto. It has also been used as 
a hair-dye, the hair being washed first with a silver-solution (generally ammoniac&l), 
and then with a solution of monosulphide of potassium. 

Ar gen to -cuprous Sulphide, AgCuS or Ag' ; S. Cu*S. Argentiferous Uopper- 
glance. Stromeyerite . — A mineral intermediate in composition between argentic 
sulphide and copper-glance, and crystallising in trimetric forms, isomorphous with the 
latter; also occurring massive and embedded. Hardness =* 2*5 to 3*0. Specific 
gravity ~ 6*2 to 6*3. It is eectile, has a dark steel-grey colour, shining streak, 
and subconcho'idal fracture. It melts before the blowpipe to a grey somi-malleable 
bead, gives with fluxes the reactions of copper, and when cupelled with lead, leaves » 
button of silver. 

Analyst#', a. From Schlangenberg in the Altai: massive (Strom ey or, Scliw. J. xix. 
325). — h. From Budelstadt in Silesia: crystallised (Sander, Pogg. Ann. xl. 313): 


Sulphur . 


15*78 

A. 

15*92 

S 

Calculated. 

32-0 15-73 

Silver 

. 

62*27 

62*71 

Ag 

1080 

63*08 

Copper 


30*48 

30*95 

Cu 

63*4 

31*19 

Iron 

• 

0 33 
98-86 

0*24 

9982 


203*4 100*00 


Several massive grey silver and copper ores occurring in Chile appear, from the 
following analysis of Domeyko, to consist of this mineral mixed with copper-glance: 



*1nn Pedro. 

Cx*rmA. 

S. Pedro. 


Ag*S.3GVS 

Ag 2 S.4Cu’8 

Ag*S. 6 Cu*S 

Ag 7 S.9Cu 2 S 


Sulphur 

. 17*83 

19 93 

20-63 

21*41 

20*79 

Silver 

. 28*79 

2404 

16 68 

12*08 

296 

Copper 

63*38 

63 94 

60-68 

63*98 

7661 

Iron 

. . 

209 

2-31 

2-53 

0*74 


ioipoo 

Toooo 

160-00 

ioo-oo 

100*00 


Ar gentic sulphide occurs in combination with the trisulphides of arsenic and antimony, 
in several varieties of fabl-ore, — viz., brongumrdite, freibergito, freiesfobenite, poly- 
basite, proustite, pyrargyrite, stephanite, and xunthocone. (See Silykr-orks, p. 301.) 

8ZLVSB, 8XTLPBOCTANATB 07. Sec Sulphocyanates. 

IZLVBX, SVLPBO-HTPOPBOSPHZTB and 8V&PBOPBOBPBZTB 07. 

8ee Phosphorus, Sulphides of (iv. 601, 602). 

8HVBB, TUIVBZ9I 07, Ag*Te. — This compound occurs native as Hessite 
or Telluric Silver, in coarse-grained masses _ apparently monometric and granular. 
Hardness «* 2 — 3*6. Specific gravity =* 8*3— 8*9. It is slightly malleable, has a 
lead-grey or steel-grey colour, and metallic lustre. Heated in an open tube, it melts 
but does not fume. Before the blowpipe on charcoal, it melts at a bright-red heat, 
leaving a somewhat brittle button of silver. With fluxes it forms in the outer flame a 
yellowish, in the inner flame a dark-red glass, becoming grey on cooling. It dissolves 
in nitric acid, the solution depositing crystallised argentic tellurite. 

Analyses: a. From the Savodinskoi mine in the Altai (G. Rose, Pogg. Ann. xviii. 
64). — 6. Nagyag in Transylvania: specific gravity — 8*31 — 8*46 (Pets, ibid, lvii 

Vox. V. X 
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470). — e. Retzbanya in 

Hungary; i 

(Rammelsb erg): 

a. 

Tellurium 

. 3 696 

Silver . 

62*42 

' Gold 

. . . 

Iron 

0*24 

99*62 


massive ; 0 . granular, with green depoa 


b. 

c. 





— *"» 


a 

0 

3689 

3776 , 

3 30 

62*32 

6J 66 66*28 

64 *5 

, , 

0*69 
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99*71 

100*00 
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The formula Ag*To requires 37*27 per cent, tellurium and 62*73 silver. 

Argento-auric Telluride , 4Ag z Te.Au'-Te, of specific gravity 8*72 — 8*83, found at 
Nagyag, contains, according to Petz, 34*98 per cent, tellurium, 46*76 silver, and 18*26 

Sylvanite {q. v.) or Graphic Tellurium , and Nagyagite or Foliated Tellurium (iv. 1), 
are likewise tclhirides of gold and silver, but contain lead and antimony in addition. 

0XEVSR, VITREOUS. Native argentic sulphide. 

SILVER-ACBTYI, C*Ag*H. (Bert helot, Bull. Soc. Chim. 1866, i. 180.)— An 
organic radicle, the compounds of which are obtained by the action of acetylene on 
ammoniucal solutions of silver salts.f 

The chloride , C*Ag 2 HCl, is a white curdy precipitate, decomposed by boiling nitrio 
acid, with formation of argentic chloride. Boiling hydrochloric acid decomposes it, re- 
producing acetylene. It does not dissolve perceptibly in ammonio-mgentic chloride. 

The oxide f (C 2 Ag*H) 2 0. — This compound (hitherto regarded as acetylide of silver or 
silver-acetylene, C a Ag 2 ) is produced by the action of acotylono on an ammoniucal 
solution of the nitrate or other oxysalt of silver, washing the proci pit ate with ammonia, 
then with 'distilled water, &c. 

Phosphate of Silver-acetyl is a yellow curdy precipitate, decomposed by hydrochloric 
acid, with formation of acetylene and argentic chloride ; nitric acid reproduces phos- 
phoric acid*. The sulphate is a greyish-white precipitate, exhibiting analogous reactions. 
An ammoniacal solution of argentic benzoate treated with acetylene yields a yellow 
precipitate which turns white during washing, and is found to consist entirely of oxide 
of silver-acetyl. 

BXX.VBR-CHLAirCB. Native argentic sulphide (p. 304). 

BXBVBR-FTTRRXiB. A dilute neutral solution of argentic nitrate mixed with 
stannous nitrate, or an ammoniucal solution of argentic nitrate mixed with stannous 
chloride, yields a brown or purple-brown precipitate, the so-called “ silver-purple,” the 
colour of which varies according to the modo of preparation. It contains tin, silver, 
and oxygen, and is perhaps an argentous stannate. (Handw. d. Chem. vii. 966.) 

B II. VER- VITRIOL. Argentic sulphate. 


BXMASTJBA. The bark of Simaruha officinalis, Dec. ( Quassia Simaruha, L.) has 
long been used in medicine. It contains a bitter principle, like that of quassia-bark, 
and a trace of essential oil. According to Buchner, the alcoholic extract is poisonous, 
and acts iu the same manner as the extract of quassia-bark : two grains killed a 
rabbit in twenty-four hours. 


BXMXXaOR. An obsolete name for an alloy of zinc and copper containing from 
6 to 9 pts. copper to 1 pt. zinc (ii. 49), 

CN *) 

? >N. — A basic compound discovered by Robiq net 


CIFN* = C*H 3 _ 

H j 

and Bus ay in 1839 (Ann. Ch. Phys. [3] lxxii. 328), and further examined by Will 
(Ann. Ch. Pharm. lii. 1). It contains the elements of thiosinamine minus 1 atom of 
sulphydric acid, (C 4 H B N 2 S — H*S), and may be regarded as ammonia, NH*, in which 
1 at.H is replaced by cyanogen, aud another by ally]. It is produced in the decomposi- 
tion of thiosinamine by various metallic oxides : e.g. — 


C 4 H*N a S + PbO - C 4 H*N* + PbS + H*0. 

Thiosinamine, Sin am me. 


Preparation* — 1. One part of thiosinamine and 5 pts. of mercuric oxide are rubbed 
together, without application of heat; the mass when cold is exhausted with ether; 
the filtrate evaporated; the viscid residue dissolved in hot water; and the solu- 
tion left to crystallise (Robiquet and Bussy).— 2. Pulverised thiosinamine is 
* After deduction of 15*95 jv»r cent, imoluble matter. 

t Ammoniacal l Rotations of cuproui nalti treated with acetylene, yield In like manner ealU ofeuproe- 
acetyl, C*Cu*H. 
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triturated with recently precipitated and well-waalied hydrate -of lead ; the mixture 

is heated in the water- bath, till a sample diluted with water and filtered no longer 
produces a black colour with fresh oxide of lead and potusli ; the entire mass is tlfeu 
repeatedly boiled, first with water and then with alcohol , because the sinaminc is obsti- 
nately retained by the sulphide of lead; the whole of the decoctions are evaporated 
to a syrup; and the crystals, which form after several months, are takon out, and freed 
from the syrup by gentle pressure between paper (Will). The syrup is distinguished 
from'the crystals by its smaller amount of water; if the hydrate of load obtained from 
the acetate was not well washed, the syrup contains also basic acetate of lead. (Will) 

Properties . — The crystals of sinaminc contain 2 C 4 H*N 2 .H a O; they ere white, shining 
triclinic prisms, which lose their lustre in vacuo over sulphuric acid. At 100° they mult, 
and give off two-thirds of their water, the melted mass forming when cold a syrup, 
which slowly recrystallises. By longer exposure to 100°, the whole of the water is 
driven off, and on cooling, anhydrous sinaminc remains, as a white, opaque, slightly 
crystalline mass. It is inodorous, but tastes strongly and persistently bitter. It 
dissolves in water, alcohol, and ether. The aqueous solution has a strong alkaline 
reaction, and is precipitated by tannin. 

Decompositions. — 1. Sinaminc heated in a retort in the oil-bath, gives off ammonia 
from 160° to 200 3 , without blackening, and leaves a yellow resinous body almost in- 
soluble in water, but dissolving sparingly in alcohol, and forming an alkaline 
solution. Its solution in hydrochloric acid becomes milky when mixed with am- 
monia, and if subsequently heated, again deposits resinous matter; tho hydrochloric 
acid solution forms a white precipitate with mercuric chloride, and yellow with platinic 
chloride (Will). — 2. A cold mixture of aqueous sinaminc and hydrochloric acid does 
not give off ammonia, or become turbid on tho addition of potash ; but. after the hydro- 
chloric acid has bron boiled, potash eliminates ammonia from it, and throw's down a 
basic substance, which behaves like the resinous body remaining when siimmino is 
In uted (Wi 1 1). Hydrochloric acid gas passed over the crystals is absorbed without, 
fusion ; tho resulting mass, when gently heated, suddenly emits thick white fumes of sal- 
ammoniac, and leaves a tumefied residue (W i J 1). — 4. Tho hydrated crystals, exposed to 
a stream of suipkydric acid gas, quickly assume a sulphur-yellow colour, w ithout losing 
water; and if then gently limfed, melt to a transparent liquid, which takes up an ad- 
ditional quantity of sulpliydric acid, and becomes liver-coloured; but if still subjected 
to the act ion of heat, not. however rising to 100°, gives off the water of crystallisation, 
together with sulphydrate of ammonium. Ultimately there remains a transparent, 
liver-coloured, inodorous mass, amounting in weight to 94*88 per cent, of the crystals. 
This mass forms, with water or alcohol, a solution which colours lead-salts light-red, 
and does not precipitate sulphide of lead till it is boiled. (W ill.) 

Si uarniu e- salts. — Sinaminc expels ammonia from uimnnnincal salts ; italso preci- 
pitates the salts of lead, iron, and copper. Nevertheless, it docs not form solid salts 
wit It any acid except oxalic acid, with which it slowly yields crystals (Will). The 
acid solutions impart, a yellow colour to fir-wood. (II ofman, Ann. Ch. Ph arm. xlvii. 66.) 

Sinaminc with Mercuric Chloride , C 4 II e N a .IJg"Cl a . — The solution of sinaminc in 
aqueous hydrochloric acid forms, with excess of aqueous mercuric chloride, a precipitate 
w'iiieh, on account of its tendency to decompose in washing, must be merely collected on 
a filter, strongly pressed, and dried in vacuo over oil of vitriol. 

Ptatin um-compound . — Aqueous stnamme mixed with ft small quantity of hydrochloric 
acid, forms, with platinic chloride, yellowish-white flakes, which settle down slowly, 
so that the filtered liquid, after standing for several hours, yields a fresh precipitate, 
the filtrate from that yields another, and so on. All the precipitates exhibit about ihe 
same amount of platinum (viz., about 39 6 percent.) after drying in a current of air at 
116°; hence the precipitate is perhaps C 4 H*N a ,2H01.Pt lr Cl 4 , (W i 1 1.) 

Sinamine forms a resinous pru^pitate with nitrate of silver. (Will.) 

CN ) 

Etbylslnamlne, or SlnetHylaxnine* = C*H 4 fN. (Hintcrbergor, 

Ann. Ch. Pharm. lxxxiii. 348.) — Produced by decomposing thiosincthylamino with 
hydrate of lead. When the two substances are heated together till a filtered sample 
no longer blackens on the addition of lead-hydrate and potash, the resulting mass 
boiled with water and then with alcohol, and the solutions evaporated, a dark-yellow 
syrupy residue is obtained, which becomes almost wholly crystalline after a few 
months, and when pressed between bibulous paper and recrystallised from ether, yields 
pure sinethylamine. 

Sinethylamii crystallises in needles arranged in dendritic groups : it tastes very 
bitter. At 100° it melts to a colourless liquid, which when touched with a cold body, 
quickly solidifies in a crystalline mass, the crystallisation spreading from the point #t 

x *2 
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contact. It is insoluble in. water, but dissolves in alcohol and ether, forming solutions 
whi*'li have an alkaline reaction. 

Mercury-compound, 2 C“H 1 *N 1 . 3Hg"Cl 2 . — A solution of sinethylamine forms, with 
aqueous mercuric chloride, a white fiocculent precipitate, which, when heated over 
the water-bath, melts to a yellow resinous mass, solidifying in the crystalline state on 
cooling . 

Platinum-compound , 2C*W*N*.2HCl.Pt t 'Cl 4 .— A solution of sinethylamine in hy- 
drochloric acid forms, with platinie chloride, reddish-yellow feathery crystals, yielding 
by analysis 31 '55 per cent, platinum, the formula requiring 31-24 per cent. 

SXjTAFXC ACID, C n H ,2 O fl jo 8 . (Von Babo and Hirsch- 

brunn, Ann. Ch. Pharm. Ixxxiv. 19.) — An acid produced, together with Bincaline, by 
boiling sulphocyanate of sinapine with potash or baryta-water : 

C Ifl lP , N0 1 .CNHS + 3KHO = C M H‘°K 4 O a + C 4 H ,8 NO + CNKS + 2H*0. 

Sulphoc>a»ate of Sinnpate of Sincaliue. Sulphocy- 

Sinapine. PotaMinm. finale of 

PoUBsiutn. 


The best mode of preparing it is to boil the sulphocyanate of sinapine with potash- 
ley, supersaturate with hydrochloric acid, and purify the resulting precipitate by 
crystallisation from alcohol of 60 per cent. By boiling the sulphocyanate with baryta- 
water, the acid is obtained as an insoluble barium-salt, from which it may be separated 
by sulphuric acid and alcohol. 

Sinapic acid crystallises in small prisms, sparingly soluble in cold, somewhat more 
freely in hot water , slightly in cold, easily in hot alcohol , insoluble in ether . It is nearly 
insoluble in most other acids : nitric acid , however, dissolves it, with red colour, 
apparently forming oxalic acid and a nitro-compound. Chlorine-water colours it, first 
rose-red, then purple-red, without dissolving it. 

Sinapic acid melts between 160° and 200°, and solidifies from fusion in the crystalline 
state. When subjected to dry distillation, it turns brown, and yields a colourless oil, 
which, as well as the residue, forms with ammonia-gas a yellow body, slightly solublo 
in water. 

Sinapates. — Sinapic acid forms easily soluble salts with the alkalis, sparingly 
soluble salts with the earths and other metallic oxides. All the ainapates, excepting the 
barium-salt, decompose with great facility. Tho solution of sinapic acid in potash- or 
soda-ley quickly turns red on exposure to the air, the colour afterwards changing to 
green and brown. The ammoniacal solution turns red-brown on exposure. 

A lioutral solution of potassic Binapnte forms white precipitates with chloride of 
calcium , and with solution of alum ; tho hitter precipitate, treated with chlorine-water, 
assumes first a rose-red and then a dirty-red colour. With ferric chloride it forms a 
rose-red or sometimes a purple-red precipitate, with formation of ferrous oxide. From 
solution of copper - and lead-salt e, it throws down precipitates which soon turn blue- 
green ; with mercuric and silver-salts, white precipitates which decompose, with sepa- 
ration of metal, especially on addition of more Alkali. 

Sinapate of Potassium is precipitated from the aqueous solution by absolute alcohol 
in iridescent laminae, which soon change after the ulcohol has been poured off. — The 
barium-salt , C 1, II ,0 Ba"O*, is prepared by precipitating the neutral ammonium-salt with 
chloride of barium (avoiding an excess of the latter, which would redissolve a portion 
of tho precipitate), or by boiling sulphocyanate of smupine with baryta-water, out of 
contact with air. The precipitate is to be washed with water free from carbonic acid. 

an fAPlNB, C^H^NO*. (O. Henry and Garot, J. Pharm. xvii. 1 ; *x. 63.— 
Pelouzc, Ann. Ch. Fhys. [2] xliv. 214 ; J. Pharm. xvii. 271- — Boutron and Bobi - 
quet, J. Plmrin. xvii. 279. — Faur6, ibid.~ O. Henry andPlisson, Ann. Ch.Phys. 
[2] xlvi. 198.— Winckler, Itepert. Pharm. xli. 169; lxvii. 257.- r -Simon, Pogg. 
Ann, xliii. 651 ; xliv. 693. — Boutron and Frdmy, J. Pharm. xxvi. 50. — v. Babo 
and Hirschbrunn, Ann. Ch. Pharm. Ixxxiv. 10, — Gm.xiv. 624.) — An organic base, 
existing as a sulphocyanate in white mustard-seed. This salt was first extracts 
from the fatty oil of white mustard by Henry and Garot in 1825, who at first regarded 
it as an acid, and called it sulphosinapic acid \ afterwards, however, theyfoundthat the 
pure substance was neutral, and named it sulphosinapisin . Berzelius called it sinapine. 
Its true nature was first recognised by v. Babo and Hirschbrunn, who assigned to the 
base contained in it (the true sinapine) the formula C a H 9i HO t9 , which whb altered by 
Gerhardt to C n H*]SO* or C”H»NO*. 

Sinapine is known only in aqueous solution and in combination with acids. The 
aqueous solution is obtained by gradually adding baryta-water to an aqueous solution 
of the acid sulphate as long as a precipitate is thereby formed : an excess of baryta 



SINAPINE. ' 309 

must be carefully avoided, as it would immediately induce the decomposition of the 
base into sinapic acid and einealine (p. 308). The aqueous solution of sinapine has 
a deep yellow colour, a distinct alkaline reaction, and is not precipitated either by 
alcohol or by ether. When evaporated it assumes a dark-brown colour, and leaves a 
perfectly amorphous residue. The solution forms precipitates with many metallic 
salts— green with cupric, yellow with mercuric, grey-brown with argentic salts : thoso 
precipitates, on standingor warming, are reduced to the metallic state. From solution 
of auric chloride, sinapine immediately precipitates metallic gold. 

S at.ts of Sinapine. — T hese salts are colourless and more stable than the free 
base. Their solutions, mixed with potash or baryta-water, turn yellow, and the 
sinapine thereby separated is instantly resolved into sinapic acid and sincalino. 

Hydrochlorate of Sinapine, obtained by decomposing the sulphate with chlo- 
ride of barium, crystallises in needles very soluble in water. The solution mixed 
with platinic chloride , forms a resinous precipitate which immediately turns brown 
when slightly heated. 

The nitr a te y obtained also by double decomposition, crystallises in very soluble 
noodles. 

Sulphates . — The acid sulphate, , C ie H‘ 3 NO\H*SO\4aq., is produced on adding a 
small quantity of strong sulphuric acid to a hot concentrated solution of the sulphocyanate 
in alcohol of 90 per cent., and separates on cooling in considerable quantity, so that 
the liquid Appears completely filled wit h it.. The crystals may be freed from adhering 
sulphuric and sulphocyanic acids, by washing with absolute alcohol. It forms rectan- 
gular plates, having a strong acid reaction, easily solublo in water and in boiling 
alcohol, nearly insoluble in ether. The crystals give off their water at 100°. — Tho 
veutrtd salt, obtained by neutralising the acid salt with baryta-water and evaporating 
the filtrate, is a crystalline easily soluble njass. 

Snip hoc y a n a te of Sinapine, C ,7 H v WSO® = C ,a H 2, NO a .CNHS. Sinapine of 
Berzelius ; Sulpkosinapisin of Henry and Garot. — This salt, as already observed, 
exists ready-formed in white mustard-seed ; also, according to Henry and Garot, in tho 
seed of black mustard and of Turrit is glabra. 

Preparation. — 1. Dry mustard -powder, exhausted with ether and thereby freed 
from fixed oil, is treated with cold absolute alcohol as long as tho alcohol acquires a 
reddish-yellow colour ; the residue is tailed with alcohol of 90 per cent.; then pressed ; 
and the boiling and pressing are repeated twice more. The liot-filtered tinctures 
yield, after half tho alcohol lias been distilled off, colourless crystals of sulpliocyaiiato 
of sinapine, an additional quantity of which may be obtained from the mother-liquors 
by further evaporation and addition of sulphocyannte of potassium. Sulphocyunate 
of potassium likewise precipitates sulphocyanate of sinapine from the above-mentioned 
extracts pro pan si with cold alcohol. 

2. Mustard-flour, freed from fixed oil by pressure in the oil-mill, is exhausted with 
cold and then with hot alcohol of 80 per cent. ; and about half the alcohol is distilled 
from the united tinctures in a salt-bath, or so much, that a sample of the residue 
separates on cooling into two equal layers, consisting of oil and sulphocyanate of sinapine. 
If the concentration is carried too far, the sulphocyanate ofsinapine no longer crystallises; 
and, on tho other hand, if a sufficient quantity of the alcohol be not distilled off, part 
of the Binapine remains dissolved in the alcoholic oily layer, and is somewhat difficult 
to obtain in the form of crystallised sulphocyanate ; the best way of effecting this is 
to add a small quantity of alcoholic sulphocyanate of potassium. The upper layer is 
removed ; the lower watery liquid is either left to itself for a week, or as long as sul- 
phoeynnate of sinapine continues to crystallise from it; and the crystals are collected 
on linen, separated from the viscid mother-]iquor*by means of a centrifugal machine, 
moistened with alcohol, strongly pressed between filtering-paper, and recry st all ised 
from alcohol of 90 per cent., then from a small quantity of boiling water, with addition 
of animal charcoal ; — or better, tho lower watery layer is mixed with alcoholic sulpho- 
cyanate of potassium, and the crystals which separate are purified as above. The 
mother-liquors also yield an additional quantity of sulphocyanate of sinapine on 
addition of sulphocyanate of potassium, (v. Babo and Hirschbrunn.) 

3. Bruised white mustard-seed, freed from the greater part of the fixed oil by pres- 
sure at 50°, is exhausted with ether ; tho residue is digested with 7 pts. of alcohol of 
80 per cent., then with 2 pts. more ; the alcohol is distilled off from the tinctures till 
the reeilue is reduced to one-fourth of the weight of mustard-powder used; this resi- 
due is set aside for 14 days to crystallise ; ana the crystals, after being freed by ether 
from a red-brown matter, are purified by repeated crystallisation from water and alco- 
hol, with addition of animal charcoal. (Winckler.) 

, Winckler also digests white mustard with 3 pts. of alcohol of 80 per cent. ; evaporates 
the tincture to half the weight of mustard used ; treats the residue, which is covered 
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■with oil-drops, with ether, as long as the ether is thereby coloured; and purifies the 
residual sulphocyanate of sinapine by solution in water and recrystallisation as above, 
A similar process is adopted by Simon, who however, at each extraction of the mus- 
tard-flour, uses only enough alcohol to moisten it, and subjects the whole to strong 
pressure ; by this treatment, the exhaustion is effected more quickly than when a 
larger quantity of alcohol is used. 

Properties.— Sulphocyanate of sinapine crystallises in loose tufts of white pearly 
needles (Henry and Garot); in colourless, nearly transparent, glassy prisms, 
mostly rectangular, truncated, grouped in stars and thin nodules (Winckler). It is 
neutral, inodorous, tastes bitter, and afterwards hot like mustard. It melts when 
heated (at 130°, according to v. Balm), forming a yellow liquid, which solidifies to a 
gummy mass on cooling (Winckler). It dissolves with yellow colour in water and in 
alcohol, in greatly increased quantity when the liquid is hot, and ciystallises on 
cooling; also in ether, sulphide of carbon, and oil of turpentine. (Simon.) 

Decompositions. — 1. Sulphocyannto of sinapine decomposes when strongly heated, 
giving off at inking products, and leaving charcoal (Henry and Garot); also com- 
bustible gases (Winckler). The vapours do not smell of sulphuretted hydrogen, 
sulphide of carbon, or hydrocyanic acid. In the course of the decomposition, volatile 
bases are evolved, together with gases and empyrcumutic oils, which burn with luminous 
flame and formation of sulphurous acid (r. Babo and Hirschbrunn). — 2. It dissolves 
readily in oil of vitriol ', with greenish-yellow colour and slight rise of temperature, turns 
brown when the solution is heated, and then chars’(Winckl or). Stilphocyanic acid 
is likewise evolved (r. Babo and Hirschbrunn). — 3. In contact with iodine , it im- 
mediately assumes a light yellow-brown colour, and when heated melts, gives off 
iodine, and leaves a brown- red brittle resin (Winckler). — 4. Its aqueous solution is 
colourod by chlorine, first brown-red, then red, and finally yellow, with formation of 
sulphuric and evolution of hydrocyanic acid (Ilonry and Garot). According to 
v. Babo and Hirschbrunn, no formation of hydrocyanic acid takes place in this and 
similar cases. — 6. With nitric acid of specific gravity T-l, or less, it immediately 
assumes a deep red colour, giving off red vapours, and when heated turns yellow, with 
formation of sulphuric acid (Henry and G arot, and others).— 6. When sulphocyunato 
of sinapine is boiled with peroxide of manganese and dilute sulphuric acid, the distillate 
contains hydrocyanic acid, and the residue contains a substance which dissolves in 
water, with dark brown- red colour (Winckler). — 7. It dissolvos with yellow colour 
in caustic potash-ley , and if the liquid be immediately supersaturated with hydrochloric 
acid, separates out unaltered, provide the solution is sufficiently concentrated ; but 
when boiled with potash, soda, or baryta-water, it is resolved, tvs ubove mentioned 
(p. 308), into sinapic acid, sincaline, and sulphocyanic acid (v. Babo). It is 
likewise coloured yellow by ammonia , strychnine, morphine, and quinine , but not by 
narcotine or salictn (Winckler). A trace of tobacco-smoke is sufficient to produce 
this colouring (v. Babo and Hirschbrunn). — 8. Tbo behaviour of sulphocyanate 
of sinapine t.o dilute acids and saline solutions is the same ns that, of other sulpho- 
cyunatee. Ferric salts arc for the most part, immediately reddened by it, but some- 
times it is obtained in a peculiar condition, in which it does not redden ferric salts till 
heat is applied. (Will; v. Babo, and Hirschbrunn.) 

SX2VAFXB. Sec Mustaku (iii. 1067). 


SZNAPX8II7B. The name given by E. S i m o n (Pogg. Ann. xliii. 652 ; xli v.593 ; 
1. 379), to a white, scaly, crystalline substance, which ho obtained from black mustard- 
seed, by extraction with alcohol and ether. The examination made of it was, however, 
very imperfect, and the later statements contradict the earlier. 

AXHTAFOautTrS. Diallyl-curbamide. Diallul-urca. C T II'*N*0 *® (cS^In*. — 

H«J 

An organic base discovered by Simon (Pogg. Ann. 1. 377), and further examined by 
Will (Ann. Ch. Pharni. Iii. 25). It is formed from cyanate of allyl,, by addition of 
water and elimination of carbonic anhydride, in the same maimer as urea is formed from 
cyanic acid: 

2CNHO + IPO - CN*H 4 0 + CO* 

Cyanic add. Urea. 


2CN(CHP)0 + H*0 - CN*(C>H s )HPO + CO*. 

Cywnate of Allyl. Diallyburea. 

It may be. obtained very pure by boiling cyanate of allyl with water, but is more 
generally prepared from eulpnocyauate of allyl (oil of mustara) by the action of hydrate 
of lead or baryta-water : 

2CSf(C*H*)S + 3PbH*0* « CN*(C J U 4 ) f H*0 + 2PbS 4 - PbCO* + 2H*0 
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The oil of mustard is digested in the water-bath with recently precipitated and well- 
wflshed hydrate of lead, till the latter is no longer blackened. The residue is treated 
with boiling water, and the solution is filtered from the insoluble sulphide and car- 
bonate of lead : the sinapoline then crystallises on cooling. 

The oil of mustard may also bo boiled with baryta-water; the liquid evaporated to 
dryness when quite free from odour; and the sinapoline extracted from the residue by 
alcohol or ether. Potash or soda acts in a similar manner, but gives rise also to 
secondary products. 

Sinapoline crystallises from aqueous solution in shining laminae, unctuous to the 
touch, fusible at the temperature of boiling water, soluble in alcohol and ether. The 
aqueous solution is alkaline to test-paper. 

Sinapoline does not dissolve in aqueous potash at ordinary temperatures, but at the 
boiling heat of the liquid, it melts, without giving off ammonia, to an oil which solidifies 
on cooling and is soluble in water. 

Sinapoline dors not lose weight at 100°; at a higher temperature it partly volatilises 
and partly decomposes. 

Salts of Sinapoline. — Sinapoline dissolves easily in acids, and is separated from 
the solutions by ammonia. In dry hydrochloric acid gas it melts without warming ; 
and is converted into a thick mass of f ho hydrochlorate, C 7 H l2 N 2 0. H Cl, which gives off 
vapours of hydrochloric acid on cxjios ure to moist air , and is partially decomposed by 
water, with separation of sinapoline. 

The aqueous solution of sinapoline forms precipitates with mercuric and platinic 
chloride. 

SXIV’C.AXXira, C 3 H ,a NO. (v. Babo and Jlirsehbrunn, Ann. Oh. Pharm. lxxxiv. 
220 — An alkali produced, together with sinuptc acid, by boiling sulphoeynnate of sinapine 
with potash or baryta (p. 308). To prepare it, sulplioeyanate of sinapine is heated 
with baryta- water, till the sinnp.it c of barium is completely separated ; the filtrate, mixed 
with a slight excess of dilute sulphuric acid, is freed from sulphocyanic acid by pre- 
cipitation with aqueous sulphate of iron or copper : the liquid is filtered from the pre- 
cipitated sill phney ana te of copper; the filtrate precipitated by baryta-water; carbonic 
acid is passed through it ; and the solution filtered from the carbonate of barium is 
evaporated on the water-bath: carbonate of sinculine then remains behind. By 
neutralising the earbouato with aqueous hydrochloric acid, digesting the hydrochlorate 
with oxide of silver, and evaporating the solution filtered from the chloride of silver and 
excess of oxide, in a vacuum or on the water- bath, sincaline is obtained as a colourless 
or brownish crystalline mass. 

Sincalinodoes not volatilise witho it alteration • when distilled it gives off combustible 
vapours having an odour of mcthylunune, and leaves a carbonaceous residue. It has 
i\ strong alkaline reaction, and when exposed to moist air, becomes houted, deliquesces, 
and rapidly absorbs carbonic acid. It precipitates most metallic oxides from their 
solutions, even lime, baryta, and mercuric oxide. The precipitates which it forms 
with aluminic and chromic salts redissolve in excess of sincalino, and the chromic pro* 
cipitabc is reprecipitated on boiling, like a solution of chromic oxide in potash. 

Sincnline dissolves sulphur, and on adding a mineral acid to the solution, sulphydric 
acid is given off, and sulphur is precipitated, which rendors the liquid milky. 

Salts of Sincalino. — The carbonate , hi/drochlorate, and nitrate are oxtrcmely 
deliquescent. The chloro-aurate , C 4 H l, NO.HCl.AnCl a , is precipitated as a yellow 
crystalline powder slightly soluble in cold water. It dissolves easily in boiling water, 
and crystallises on cooling in tufts of needles. The cklornpf at in at r, 2C*]I , *N0.2HC1. 
Pf’Cl 4 , is obtained by evaporating a mixture of the hydrochlorato and platinic chloride, 
in splendid orange-coloured prisma or hexagonal plates. 

8ZVE8XC ACID. The name given by Lewy (Ann. Ch. Phys. [3], xiii. 446) 
to a fatty acid which ho obtained by heating Chinese- wax with potash-lime, and to 
which he assigned the formula C^H^O*. 

AHyaTHTOAWlira. Syn. with EThtlsixamixb (p. 307). 

snriflTBZir. This name was given by Marquart (Ann. Ob. Pharm. x. 91) to 
inulin prepared from dahlia-roots by boiling with water, because it turns the plane of 
polarisation to the left : it appears, under the microscope, to consist of opaque white 
spherules, disintegrates quickly in cold water, and dissolves to a colourless liquid at 
75°. Inulin prepared from the roots by washing with cold water is called by Mar- 

S uarfc synantherin: it exhibits under the microscope transparent spherules, and 
iseolves when boiled with water, leaving a few thin films. In other respects it 
resembles sinistrin. 


Syn, with Sikajcimb. 
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snroms. Sole of Sinope . Bubrica.—A> ferruginous bole occurring in masses 
with flue earthy fracture, in Cappadocia. It is of brick-red colour, spotted with white, 
dull, opaque, friable, adheres strongly to the tongue, and breaks up in water into 
coarse lumps, without becoming plastic like clay, or crumbling to a sandy powder like 
fuller’s earth. It was used in ancient times as a pigment. Contains, according to 
Klaproth’s analysis, 32 per cent, silica, 26 5 alumina, 21*0 ferric oxide, 17*0 water, 
and 1 -«5 ( = 97*0) chloride of sodium, lie fore the blowpipe it bums hard and black. 

BXXrTSR. A name applied to incrustations, on rocks or elsewhere, from mineral 
waters. According to the nature of the deposit, it is distinguished as calcareous sinter 
(ealespar or ttrragonite), silicioue (quartz or opal), ferruginous (pitticite), arsenical 
(scored ifce), &c. 

SIPlIEXnrE. Sipirine , Sepeerine. An alkaloid existing, together with bebirine, 
in the bebeeru or green heart- tree ( Nectandra Sodieei), a lauraceous tree growing in 
Guiana. It was discovered by Rodie in 1834, and examined more particularly by 
Haclagan (Ann. Ch. Pharm. xlviii. 106). [For the mode of preparation see 
Bkhirink, i. 526.] 

Sipeerine forms a dark red-brown, shining, non-crystalline, resinous mass, separat- 
ing from the vessel in which it is prepared in scales. It is very slightly soluble in 
water, ensily in alcohol, either anhydrous or hydrated, but is insoluble in ether. It 
neutralises acids, forming olive-brown salts. 

81POPX31A, or SSBIPZXA. The commercial name of the bark of Scbipira major , 
a tree growing in Brazil. The bark contains tannin, fat oil, resin, sugar, &c. (Handw. 
d. Chem. vii. 730.) 

BISKOVDnr. A mineral resembling chloritoVd, occurring in the chlorite-slate 
of St. Marcel in Piedmont. Melts with great difficulty before the blowpipe to a 
blackish glass. Analysed by Delesse (Ann. Ch. Phys. [3] ix. 388) and v. Kobell 
(J. pr. Chem. lviii. 40): 

Undecom- 

SIO*. A 1*0*. FeO. MgO. H*0. posed. 

24 1 43-2 238 — 7-6 — - 982 Delesse. 

2575 37*50 21*00 6*20 7*80 0*50 « 98*75 v. Kobell. 

The magnesia appears to have been overlooked in the first analysis. 

SX8SSRSBLXTH. The name given by Haidinger to iridosmine from Sissersk in 
the Ural, having nearly the composition IrOs J or IrOs 4 , to distinguish it from the 
variety found at Nowjansk, the composition of which may be represented by IrOs\ 
As, however, the two varieties crystallise in the same form, it is probable that they 
are not distinct mineral epecies, but that osmium and iridium crystallise together 
isomorphou.sly in various proportions. 

BZBTMBRIUM. Hedge-mustard (Sisymbrium officinale) contains, according to 
Pleas, allylic eulphocyanate unmixed with oxide. 

8XTXC ACID. The name given by Berzelius to Liebig’s oonanthic acid (iv. 174). 
8XBL3B. Gmelin's name for propylene, C*H*. 

8XAPO&XTB. Syn. with Scapolite. 

8XLBBBTXVXTB. Syn. with Schlbuktixite (p. 204). 

BXXBROCLABB, or BOLBROCXASE, The na me applied by v. WaltershauBen 
to diplunibic sulpharsenite, 2PbS.AsS s , which he regards as one of the constituents of 
binnite (i. 583). 

SROO80X.XTJ3. Nordenskiold’s name for the tantalite of Skogbole in Finland, 
distinguished by a comparatively high specific gravity, small proportions of man- 
gunese and tin, and dark brown colour of its powder. 

SJCOXtBSCXTU. Syn. with SCOLECITB. 

MLORORSXTB. A silicate from the Kaiserstuhl in the Breisgau, occurring in 
lumps, with granular structure and splintoiy fracture. Hardness — 5*0 nearly. 
Specific gravity — 2*63. Colour smoke-grey, greyish, or reddish-white. Translucent 
on the edges. Slightly brittle.: Before the blowpipe it fuses like vesuvian, with 
intumescence and spluttering, to a shining greenish- white glass enclosing small bubbles. 
With borax it slowly, forms a colourless bead; with phosphorus-salt the same, and a 
skeleton of silica; with soda it yields the reaction of sulphur. In the pulverulent 
state it is easily decomposed by hydrochloric apid, with separation of gelatinous silica. 

It contains, according to the mean of v. Kobell ’s analyses (J. pr. Chem. xlvi. 484), 
14*1 per c.'nt. silica, 17*9 alumina, 2*5 ferric and ferrous oxides, 8*9 manganous 
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oxide, 15*5 lime, 2*2 magnesia, 11*5 soda, 1*3 potash, 4*1 sulphuric anhydride, and 
0*9 chloride of sodium, which may be approximately represented by the formula 

Na*SO< . 6(M f ; M")SiO* . AFSi*0»* 

8XOSIAV, Breirhaupt’s name for a variety of spinel, closely allied to hercinito, 
and containing, according to John, 63*0 per cent, alumina, 23*0 ferrous oxide, 6*0 
magnesia, 6*0 silica, together with magnesia and other constituents not determined. 
It occurs at Bischofsheim in the Rhongebirge, and at Hinter-Hermsdorf, near 
Schandau in Saxony. (Handw. vii. 999.) 

8XOSZLXTE. A scoriaceolis mineral from Juan del Rio del Culvazio in Mexico, 
containing, according to R. Thomson (J. pr. Chem. viii. 506), 58*0 per cent, silica, 
16*8 alumina, 13 3 ferrous oxide, 8*6 lime, and 2 0 water. It occurs in brown masses, 
containing numerous cavities. Streak white. Hardness =» 2*0. Specific gravity »» 
1*70. Before the blowpipe it becomes lighter in colour, but does not melt. With 
fluxes it gives the iron reaction. 

SXOROSZTE. Syn. with Scohodith, 

8XORZA, or SCOB IA. A variety of Efidote (ii. 489). 

8JCOTXJX. Syn with Bucklanditc, or lime and iron epidote. 

8 XITTTBR 179 ZTS. An arsenide of cobalt, CoAa* occurring at Skutterud, near 
Modum, in Norway (i. 1042). 

8LZBOWXTZ. Slibowitza, Slivowitz. An ardent spirit, prepared in Bohemia 
and Hungary, by distilling the fermented juice of plums. 

SL QAW ITE. A mineral from the gabbro of Tuscany, occurring in radiated 
masses, cleaving distinctly parallel 1o the faces of an orthorhombic prism of 106°. It is 
white, opaque, with pearly lustre. Hardness = 4*5. Specific gravity « 2*441. Melts 
before the blowpipe, with intumescence, to a white enamel. Dissolves in acids, with 
separation of gelatinous silica. Contains, according to Bo chi (Sill. Am. J. xiv. 64), 
4*2*2 per cent, silica, 35 0 alumina, 8*1 lime, 2*7 magnesia, 0*3 soda and potash, and 
12*5 water: probably a decomposed zeolite. 

SMALT. A beautiful blue ghiss, prepared (chiefly in Saxony) by melting roasted 
cobalt-ore with silica and potash. The ore (arsenide or sulpli arsenide containing 
nickel, copper, and iron) is first roasted to such a degree as to oxidise the cobalt anti 
leave the nickel, iron, and copper in combination with arsenic and sulphur. Pour or 
live parts of this roasted ore are then mixed with 10 pts. of ground calcined quartz and 
4 pts. of potassic carbonate, and the mixture is slowly melted in pots arranged on a 
furnace resembling that used in glass-houses. The oxide of cobalt then unites with 
the fused potassic silicate, forming a deep blue glass, while the mixed arsenides and 
sulphides of nickel, copper, and iron fuse and collect at the bottom of the pot, in the 
form of a brittle metallic-looking mass called speiss, which is used for the prepara- 
tion of nickel. The pot is then skimmed, and tho glass is ladled out and poured into 
cold water, by which it is split into innumerable fragments. Tho broken glass is 
stamped to powder and ground under water between granite stones, in a vessel through 
which a gentle stream of water is constantly flowing. The water carrying the 
powdered smalt in suspension is made to pRSs through a number of depositing vessels, 
bo arranged that the overflow of each shall pass into tho next. Moreover, each of 
these vessels is larger than the ono which precedes it, so that the time during which 
the washings are retained in them goes on progressively increasing, and the deposited 
particles continually increase in the minuteness of their subdivision, the edeur 
becoming less intense the greater the degree of subdivision of the particles. (AftWcf^s 
Elements of Chemistry , 3rd edit. ii. 555. For further details, see Urde Dictionary of 
Arts , &c. i. 784, and Handw. d . Chem. vii. 1000.) 

Smalt is essentially a poUssio-cobaltous silicate, sometimes approaching newly to 
the formula (K*O.Co w O).6SiO*. Its composition is* however, subject to considerable 
variation, as the following analyses by Ludwig (J. pr. Chem. Ii. 129) will show:— 


Silica . 


Norwegian : 
deep-coloured. 

. 70*86 

German : 
deep-coloured. 
66*20 

German t 
pale i rn«rw, 
72*12 

Potash and Soda . 


. 21*41 

16*31 

20*04 

Cobaltous oxide . 


. 6*49 

6 75 

1*95 

Alumina 


. 0*43 

8*64 

1*80 

Ferrous oxide 


. 0*24 

1*36 

1*40 

Arsenic Anhydride 


. trace 

• • 

0*08 


“Water and Carbonic Anhy 
dride 


0*67 0*92 0 46 

lWpOO llU* 18 W&5 
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BWALTUrB. Native cobaltous arsenide, Co"As 2 (i. 1041). 

SKAXAGDITfi. A granular actinolite of omeralrl -green or grass-green colour, 
sometimes occurring intergrown with augite of similar colour. Mixed with garnet it 
forms the rock called eclogite, and occurs also in gubbro mixed with saussuribe orlabra- 
dorite. 

0MASAO2) OCHAICITS. Syn. with Atacamite (i. 429). 

flUfBCTXTS. A term sometimes used as a synonym of fuller's earth; applied 
also more particularly to an argillaceous mineral from Cilly in Lower Styria, analysed 
by Jordan, and another from <Jmid6 in France, analysed by Salvdtat. (See Silicates 
of Aluminium, p. 259.) 

SMSHTS. An aluminic silicate from Telkebanya in Hungary. (See Silicates, 
loc. cit.) 

BMILACBI2U'. The name given by Rein sell (Report. Pharm. Ixxxii. 146)’ to a 
crystalline substance which he obtained from the root of Smilax China (L.). 
snnXiACZir. Syn. with Sarsaparillin (p. 198). 

SMITKSOirZTX. Syn. with Calamine, or native carbonate of zinc (i. 713). 

SOjELS* . Savon. Scife . — In ordinary language, the term soap is applied only to 
the potassium- and sodium-salts of tho fat-ac*ids — stearic, palmitic, oleic acid, &c., — 
produced by the action of potash and soda upon the fats ; but in scientific language, 
the same term is extended to all the metallic salts of the fat-acids, among which tho 
lime-soap obtained as a secondary product in the stearic acid manufacture, and the 
pharmaceutical preparation called lead-soap or lead-plaster, obtained by heating olive- 
oil with oxido of lead, may be particularised us being of practical importance. 

The ordimiry neutral fats — such as tallow, palm-oil, olive-oil, cocoanut-oil, &e. — aro 
tho glyceryl -salts or glyceric ethers of the fat-acids (soe Glycerides, ii. 881 ) ; and 
their conversion into soaps, or saponification, by the action of alkalis or other 
bases, is tho converse of the process of etherification, consisting in the separation of tho 
glyceryl and the acid-radicle, and an interchange between the glyceryl and the metal 
of tho alkali, resulting in the formation of an alkaline salt of tho fat-acid — that is 
to say, a soap — and glycerin : thus with stearin (neutral glycerylic stearate) and 
potash : 

(C 1, H m O)* ) q, K’( 0 , _ (C*H*n o * + (C"H»0)»| 0 , 

(C*H»)" + H*i u _ H» J K? | u - 

.Stearin. Potasaic Glycerin. Potasxir stearate 

hydrate (3 at.). (3 at.). 

The ordinary method of saponifying neutral flits consists in boiling them with solu- 
tion of caustic potash or soda. Most fats require long-continued boiling with excess 
of alkali to convert thorn completely into neutral soaps ; some, however (as lard, beef- 
niarrow, and oil of sweet almonds), may be saponified by agitation with caustic alkali at 
ordinary temperatures. Alkaline carbonates also decompose the neutral fats when 
boiled with them ; but the process, when conducted under the ordinary atmospheric 
pressure, is very tedious, and docs not yield a perfect soap. Complete saponification 
may, however, be effected by boiling neutral fats with solutions of alkaline carbonates 
under increased pressure, as in the apparatus patented by Tilghman (ii. 886), in 
which a mixture of the neutral fat and alkaline solution is forced by a pump through 
a long coil of iron tubing heated to 350° — 400° F. 

The fat-acids (stearic, oleic acid, &c.), when already separated from glycerin, are 
easily saponified by the action of alkaline carbonates ; in this manner soap is exten- 
sively prepared from the crude oleic acid or red oil (iv. 192), obtained as a bye-produefc 
in the manufacture of stearic acid. Resins also, which aro chiefly mixtures of acid 
compounds, easily decompose alkaline carbonates and form soaps. 

As the neutral fats occurring in the vegetable or animal body are not simple gly- 
cerides, but. mixtures of several compounds of that class (stearin, pnlmitin, olein, &c.) 
it follows that tho soaps resulting from their saponification will be mixtures of the 
potassium- or sodium-salts of two or mor© of the corresponding fat-acids, the soap 
being, catena paribus,. more solid in proportion as the acids of higher melting-point and 
atomic weight predominate in it.. 

The properties of soap depend also in great measure on the alkaline base contained 
m it. Potash-soaps are deliquescent, and do not dry up when exposed in solution 
to the air, but retain so much water as to form a soft slimy jelly : when artificially 
dried they absorb a large quantity of moisture, and likewise become converted into 
a jelly. This kind of soap is called soft soap, in contradistinction to the soda- 
soap, or hard soap. The latter neither retains so much water, nor does it Absorb 
so much as to render it soft ; but hardens when exposed to the air, and with a 
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certain amount of water forms a perfectly solid mass; in which it is difficult to make 

impressions with the linger. 

100 parts of diy potassic oleate absorb from the air 162 parts of water. 

100 „ „ „ p&lmitute „ „ 35 „ „ 

100 „ „ * „ stearate „ „ 10 „ „ 

100 „ „ s odic stearate „ „ H „ , 

Soft soap is made from train-oil and the drying vegetable oils, such as linseed oil, 
hard soap from tallow, and the non-drying vegetable fats and oils, and mixtures of 
these with rosin. Rosin by itself forms a soft soap, either with potash or with soda. 

.Every kind of soap found in commerce contains a variable quantity of water, partly 
in chemical combination. Hard soap becomes harder by drying, so tnat at last it can 
bo pulverised. Potash-soap decomposes the salts of sodium, e.g. common salt, or sul- 
phate of sodium, forming chloride or sulphate of potassium, and a soda-soap. It is, 
indeed, in this indirect manner that hard (soda) soap is sometimes manufactured in 
Germany. 

Soap is perfectly soluble in alcohol and in hot water. The aqueous solution is moro 
thickly fluid arid slimy than the alcoholic solution, but botli solidify to a jelly at a 
certain stage of concentntiioh ; opodeldoc is soap mixed with alcohol in this state of 
concentration. Potash-soap is more readily soluble in water than soda-soap. This is 
better seen with the salts of the pure fatty acids than with ordinary soap. Stearate 
of sodium undergoes hardly any change wlion brought together with 10 parts of water, 
whilst stearate of potassium is converted by it into a thick jelly. Oleate of sodium is 
soluble in 10 parts of water, oleate of potassium in 4 parts, and forms a jelly even 
with 2 parts of water; palmitato of potassium is converted by 10 parts of water into 
a stiff transparent jelly. 

Cold water does not dissolve the alkaline oleates, palmilatos, and stearates, which 
constitute ordinary soap, without decomposition, the* neutral salts being thereby resolved 
into alkali which dissolves, and into an acid salt which is precipitated. The same 
decomposition occurs when hot solutions of soap (particularly weak solutions) are 
cooled. 

This reaction explains why, in using soap, even with the purest water, a whitish 
turbidity .(soapsuds) is always obtained; the alkaline property of soapsuds is duo 
solely to the liberation of a portion of caustic potash or soda, which removes the fatty 
impurities in water. 

Soap is quite insoluble in a solution of common salt containing moro than 1 part of 
salt in 400 of water: bunco, on adding a certain quantity of salt to the contents of the 
soap-pan, consisting of soap already formed mixed with glycerin and excess of nlkali, 
and continuing the boiling for a certain time, the soap ultimately separates completely 
from the watery liquid, and rises to the surface, in the form of a granular mass or curd, 
while the glycerin and alkaline suits remain dissolved at the bottom of the pan. consti- 
tuting what are called “ spent leys,” and may be drawn off or pumped out. The soap 
may then be ladled out or run off into iron or wooden frames, ana left to cool and solidify.. 

All varieties of soap are not separated with the same ease from their solutions, by 
means of salt. Thus soap made from coeoanut.-oil requires a much larger quantity of 
salt to separate it from solution than soap made from tallow, the former being soluble 
in saline solutions, in which the latter* is perfectly insoluble. Rosin-soap is affected 
by common salt in the same manner us the soups from fat. 

The same results as those obtained by the UBe of common salt are also produced, 
although in a less energetic manner, by chloride of potassium (which acts but slightly), 
alkaline carbonates, sulphate of sodium (also very weak in its action), acetate of potas- 
sium, and sal-ammoniac. In weak caustic ley, soap is perfectly solublo: in strong ley, 
ou the coutrary, or when the concentration of the ley is increased by boiling, the soap 
separates in the same manner as from a solution of common salt. For this reason, 
soap-boilers are in the habit of using weak ley, particularly in the beginning of their 
operations, as stronger ley, in separating the soap, would prevent the necessary amount 
of contact amongst the ingredients, and very much retard the proccsB of saponification. 

It is impossible, .during the preparation of soap, entirely to avoid the presence 
of earths and metallic .oxides. These, consequently, decompose a small portion 
of the soap, combining with the fatty acid, which they take from the alkali. 
Portions of lime and magnesia constantly accompany the caustic ley, and are brought 
with it into the boiling-pau, and the sides of the vessel are always sufficiently acted 
upon to impart a visible trace of iron or copper to the soap. The soaps formed with 
lime, magnesia, iron, and copper are not soluble, and they are much less rapidly . 
softened by heat than the corresponding alkaline compounds. They are disseminated, 
however, in such a minute state of division throughout the mass of hot soap, as almost 
amounts to solution. As ihe soaps of iron and copper possess the colours peculiar to 
the salts of those metals, the whole mass of soap acquires by their presence a uniform 
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greenish or blue colour, partly caused by the sulphur contained in the ley (particularly 
in soda-ley), forming sulphide of iron or copper. When a soap of this kina is allowed 
to cool rapidly, the cut surface presents a uniformly coloured appearance, something 
like wet elate. If the mass, however, cools slowly, the soaps of the earth sand metallic 
oxides separate from the great bulk, and colloct into larger Or smaller groups in different 
parts with a certain degree of regularity, giving a marbled or mottled appearance to the 
cut surface. The substances which impart the mottled appearance to soap, are only held 
i n suspension in consequence of i ts th ick shite of fluidity. Tlie mottled appearance may 
therefore be entirely removed, and white soap produced, by adding a certain quantity 
of water, so that those substances may subside, while the soap is still in a perfectly 
liquid state in the boiling-pun. This additional quantity of water is not again separated, 
but remains with the soap. Great importance was formerly attached in commerce to 
the mottled appearance of the soap, as affording a sure indication that the amount of 
water in the soap cannot exceed a certain limit. Methods have, however, been dis- 
covered of imparting any kind of mottled appearauco to soap containing much ftaoro 
water than the ordinary curd-soap, by mixing mineral colours with it when it has at- 
tained a certain stage of hardening. The dark-coloured mass formod by the sub- 
sidence of the impurities above mentioned is technilly called “niger” or 14 nigre,” and 
is sometimes used for mottling other soaps. 

Hard Soaps. — These soaps, as already observed, are made with non-drying oils, or 
solid fata, and soda. Their hardness is in proportion to the amount of stearic and pal- 
mitic acid which they contain. Soda-soaps, made with drying oils, such as linseed-oil, 
are pasty, and easily liquefied by a small quantity of water; in fact, they approach to 
the character of soft soaps made with potash. 

The most important kinds of hard soap are those made with tallow and with olive- 
oil, the former material being used in England and other northorn countries, the latter 
in the South of Europe. 

The following description, by Mr. Go s sage, of the English method of making hard 
soap, is taken from Richardson and Watts’ Chemical Technology (i. [3] 679): — 

“ Tho fatty and oily materials which are used for the production of hard soaps in this 
country are tallow, palm-oil, and cocoanut-oil, also rosin, the whole of which are 
saponified by soda. 

“ The manufacturer provides himself with solutions of caustic soda of various 
strengths, called ‘‘leys,* these being obtained by boiling together a solution of carbo- 
nate of soda and slaked lime, running off the first solutions, and washing the residual 
carbonate of lime with several affusions of water — the last liquors thus obtained being 
used for dissolving a fresh batch of carbonate of soda. 

“ It is a well-known fact that lime, in whatever proportion it may be used, does not 
effect the perfect decomposition of cu’rbonate of soda, unloss the latter is present as a 
weak solution. And as any alkali in the state of carbonate which may be introduced 
into the soap-copper is incapable of decomposing the neutral oils or fats, it becomes 
wasted ; therefore the manufacturer uses solutions of carbonate of soda of such strength 
-as will yield leys (solutions of caustic soda) having a specific gravity not exceeding 
1*090. 

“ Soap- pans are made of various sizes, some being as large as 15 feet diameter and 15 
feet dcop, capable of yielding 25 to 30 tons of finished soap in one operation. They are 
at the prosent time constructed of wrought-iron plates joined together by rivets. The 
contents of these pans are usually caused to boil by the injection of free steam through 
a number of small holes in a circular bent pipe, which is in connection with a steam- 
boiler. Tho pans are also sometimes heated by means of fires placed underneath the 
lower part, or by steam-chambers formed rouna the lower part of the pans. 

“ The manufacturer charges his soap-pan at the commencement with a quantity of 
neutral oil or fat, und adds to this weak leys having a specific gravity of about 1*050°. 
He causes steam to be injected to produce ebullition and mixing. If the process goes 
ou properly, the oil or fat which was previously floating on the surface of the ley 
becomes speedily combined therewith, producing a uniform milky emulsion, from which 
no watery particles separate on cooling. If this combination does not take place, the 
operator adds either water or weaker ley, and continues the boiling until the perfect 
emulsion is produced ; at. this period all taste of alkali in the compound has passed 
away — the tongue being used, in place of turmeric-paper, to ascertain the presence of 
free alkali. The combination of the oil or fat with the mineral alkali, or the displace- 
ment of the glycerin, having been thus fairly put in progress, the operator makes 
repeated additions of stronger leys, continuing the boiling until he finds the presence 
of free alkali in the compound ; ho then adds more oil or fat, or some rosin ; ha also 
continues to make repeated additions of stronger levs. In this part of the operation 
he takes earn that there shall be no excess of alkali present in the compound at tho 
period when the soup-pan has become nearly filled by the repeated addition of oils or 
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fats and leys. Ho then adds common suit to the mixture, which, by its superior affinity 
for water, as compared with that of the saponaceous compound, effects the decompo- 
sition of the emulsion, and causes this to be separated into soap combined with a defi- 
nite quantity of water, but not having its full proportion of alkali, and a solution of 
common salt, which latter contains the glycerin of the fats or oils employed. The 
soap floats in a granulated state on the surface of the solution, which is then called 
‘spent leys/ and should contain no fr?o alkali. After a few hours for subsidence, 
the exhausted solution or spent ley is withdrawn from the soap-pan from under the 
imperfectly made soap, and is rejected as worthless. 

“ The workman commences his second operation by the addition of some weak lev tc. 
the imperfect soap, and by boiliug he brings the contents of his pan again into a state 
of homogeneous mixture, — called the 4 close state* as contradistinguished from the 
condition in which the soap is granulated and separated from the liquid contents of the 
pan ; and if he has rot already added his full complement of oils or fats, he completes 
the addition of these, adding also strong leys, until he finds the mixture has acquired 
a strongly alkaline taste. He then adds sufficient common salt to cause the separation 
of the soap from the alkaline solution, and boils the soap for some hours in the presence 
of the alkaline solution, to ensure the whole of the fatty matter being combined with 
alkali. If it is intended that the product should be framed as a ‘curd’ soap, it is 
allowed to remain quiescent for a' few hours, so that the leys may subside ; and the 
soap is then skimmed off and transferred to the ‘ frames/ in winch it solidifies by 
cooling, and is then divided, by cutting with wires, into slabs and bars ready to bo 
delivered to consumers. If tlie soap contains rosin as part of its acid constituents, it 
requires a further operation before framing. This consists in melting the curd-soap 
(alter abstraction of the alkalino leys from the lower part of the pan) with the 
addition of water, and boiling the mixture by steam or fire, or both steam and fire, so 
as again to produce a homogeneous compound, containing an indefinite proportion of 
Water, and allowing this compound to remain quiescent for two days, when a 
separation takes place, resulting in the elimination of a definite compound, containing 
about 65 p.c. of fatty acids, 6*5 of soda, and 2tb5 of water. This forms the upper stratum 
of the contents of the soap-pan, underneath which is an indefinite compound, technically 
called 4 nigre/ containing u much larger proportion of water. When it i» judged 
that the separation of these compounds has been well effected by subsidence, the upper 
portion, or the definite compound, is usually taken out of the soap-pan by ladling, 
and transferred to frames, to solidify by cooling. The residual portion, which con tains 
an excess of alkali as well as of water, is boiled up with salt and the addition of fatty 
materials, to form part of the succeeding boil of soap. 

“The nigre, removed as above described, is particularly well adapted for making 
mottled soap. For this purposo it is treated with the usual finishing ley for a mottled 
soap, and boiled till it is fit to bo transvased into the frames. The quantity of nigre 
. obtained from one fitting or purifying operation is not enough to be conveniently 
boiled by itself ; it should therefore be saved, and six or more batches operated upon 
at a time. Occasionally a portion of bono-f&t may be added, and tile soap finished as 
ordinary mottled soap.” 

The method of making olive-oil soap, as practised in Franco and Italy, and the 
modern German method of making tallow-soap, are similar in principle to the above. 
The old German method consisted in saponifying the tallow with potasn, and converting 
the resulting potash-soap into a soda-soap by decomposition with common salt. This 
method, brought to great perfection by long experience, enabled the manufacturer to 
prepare an excellent soap from very impure materials } but the increasing price of potash, 
and the cheapening of soda, have caused it to be nearly abandoned for the modern 
method of saponification by soda alone. For details of t hese methods, and for figures and 
descriptions of the machinery used in soap-making, soe Chemical Technology , vol. i. pt. 9. 

Cocoanut-oil Soap; Marine Soap. — Cocoanut-oil differs in constitution from other 
vegetable oils and from tallow, and its reaction with saponifying agents is also quite 
peculiar. The soap prepared from it can only be separated, from solution by very 
strong solutions of common salt ; in fact, It is soluble in dilute brine, and is therefore 
serviceable for washing in Baltwater: hence the name Marine Soap. 

Cocoanut-oil soap is prepared with the strongest soda-ley, of specific gravity 1*16 
(20° Bm.), and by using perfectly pure and caustic ley, and avoiding excess as much 
as possible, the process of salting out may be dispensed with. The saponification is 
facilitated by the addition of potash to tlife soda. 

Pure cocoanut-oil soap hardens mnch too quickly to exhibit any distinct formation 
of curd, and is consequently incapable of marbling by itself: it is very white, translu- 
cent like alabaster, exceedingly light, and forms a good lather, hut always possesses a 
disagreeable savour. No means nave as yet been made known to remove this smell, 
although it appears that several manufacturers are possessed of the secret. An important 
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property of eoooanut-oil soap is its power of combining with more water than can 
ever be communicated to tallow-soap, and this property of the soap frequently 
gives rise to dishonest traffic. Cocoanut-oil actually produces no greater quantity 
of soap than an equal weight of tallow, but the soap from the former can easily be 
made to absorb one-third more water or ley. Ordinary soap treated in the same 
manner, or containing the same quantity of water, would be so soft that it would 
yield easily to the pressure of the thumb; but cocoanut-oil soap neither exhibits 
any want of consistence or softness, nor does its appearance in any way indicate the 
fraudulent practice which has boon adopted in its manufacture. 

A remarkable fact observed by soap-boilers, but by no means satisfactorily ex- 
plained, is that cocoanut-oil is saponified with so much the more difficulty the more 
rancid it has become. 

In general, eocoanut-oil is not saponified alone, but is employed as an addition to 
tallow, &c., for the purpose of producing quickly-solidifying soaps containing a large 
proportion of water, which could not be obtained from tallow alone. It is oven pos- 
sible to prepare soap on a large scale in a few hours, without salt, and almost without fire, 
by the use of cocoanut-oil and tallow, which are merely warmed together with strong 
loy sufficiently to rnolt the fat, and kept in a constant state of agitation. 

The different kinds of cocoanut-oil soap, which all belong to the class of soaps con- 
taining a considerable quantity of water, are marbled artificially. Marbling or 
mottling of this kind is not dependent upon the production of Curd and Flux t but is 
simply a mechanical effect, carried out in the following manner: — The blue or red 
colour (bole, & c.) is rubbed up with a residue of the soap, or better with a separate 
portion of good cocoanut-oil soap, until the whole acquires a uniform rod or blue colour. 
This is now scooped into the form in alternate layers with the colourless soap, and by 
stirring the mass together, streaks and veins are produced in all directions. 

Castor-oil Soap. — Castor-oil is readily saponified by strong soda-ley. The product 
is white, amorphous, and translucent, and possesses considerable hardness, ovei 
when it contains as much as 70 per cent, of water. (Socber, Ilingl. polyt. J. cxxxviii. 
306.) 

Palm-oil Soap, — This soap is boiled with caustic soda, nearly in the samo manner 
as tallow-soap. It has an agree, lblo but powerful smell, and a yellow colour when 
the oil is used in an unbleached state, but is white, with a very slight odour, when 
the oil lias beep bleached. Palm-oil is seldom used as wap-stock without the 
addition of some other fat: 3 lbs. of palm-oil to 1 lb. of tallow forms a good soap. 
An inferior article, called “demi-palme,” is obtained from I lb. of palm-oil with 4 lbs. 
of tallow. 

Palm-soap, when carefully prepared from pure materials, possesses emollient pro- 
perties, which, combined with an agreeable odour, render it well adapted for toilet pur- 
poses. In France a good toilet-soap is prepared from a mixture of 9 parts of palm-oil 
and 1 part of cocoanut-oil; and a demi-palme soap, also for the toilet, with 11 
parts of white tallow, 3 parts of palm-oil, 1 part of cocoanut-oil, and 1 part of puri- 
fied yellow resin. 

Rosin (or Yellow) Soap . — Colophony at the boiling temperature, when it is perfectly 
fluid, combines with the alkalis much more rapidly and with greater ease than the 
fatB themselves. The soap separates on the surface, when an excess of carbonate is 
used, or in presence of common salt, as a thick slimy brown mass, smelling strongly 
of rosin, and containing 15 8 per cent, of dry soda. The amount of water in this soap, 
although not exceeding 27 to 30 per cent., is nevertheless sufficient to communicate to 
the soap a smeary viscid consistence, which is not altered by long exposure to tho 
air. The attraction of the soap for water is so great, that it becomes liquid on expo- 
sure, after having been previously dried artificially. 

Although rosin-soap by itself is thus unfitted for use, an excellent and perfectly firm 
product is obtained by its combination in certain proportions with tallow and palm-oil 
soap. The amount of rosin in this mixture should not exceed one-third of tho fat; 15 
per cent, of rosin makes a good soap, but beyond that limit, the soap is depreciated in 
colour and firmness. The grease-stock of which this kind of soap is generally made 
consists of kitchen-fat, bone-fat, and red oil. 

The best plan of preparing this soap, is to saponify the rosin and tallow separately, 
and to mix the two soaps in the boiler, where they aro retained in a state of ebullition 
for some time, until a uniform mixture has been effected ; salt is then added, and the 
soap brought into the moulds. It is not advisable to mix the separate soaps in the 
moulds, which is a plan someti mes adopted. In this country and in America, where rosin- 
smvp was first manufactured, it is usual to add the rosin, in the form of coarse powder, 
with the last quantity of ley, to the fatty (palm-oil or tallow) soap, consequently 
before the boiling is finished ; and to boil the mixture with the necessary addition of 
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ley fbr completing the formation of the resinous compound. Thir point is attained 
when a cooled specimen presents the proper consistence, and leaves lo film of rosin when 
used for washing the hands. The boiling finishes with the addition of some weak ley 
to the soap, which has already separatod from the under-ley ; this addition is made in 
order to facilitate the deposition of the impurities with which commercial colophony is 
always mixed ; the soap is then carefully filled into the moulds. 

Rosin-soap thus prepared has a brownish colour, which passes into that of yellow 
wax when palm-oil is used, and this of course requires no previous bleaching. It is 
very firm, somewhat rough to the touch, and Tory translucent. The best quality 
exhibits on the cut surface a fibrous structure like that of wood. It produces an excel- 
lent lather, but always retains the smell of rosin. The low price of rosin renders this 
soap cheap, and for common washing purposes, where the smell is not an objection, it 
is a highly useful product. 

Bed Oil or Oleic Soap. — This oily acid is much used for the manufacture of soap, the 
saponification being easily effected, inasmuch as the acid is already separated from the 
glycerin, and has merely to enter into combination with the alkali. 

It may be prepared by boiling 1300 lbs. of soda-ley of 18° B. in the kettle, and 
treating it in separate portions during stirring with 1000 lbs. of red oil or oleic acid. 

Oleic acid is also frequently used, together with tallow or beef-marrow — for instance, 
3 pts. of oleic acid to 2 pts. of the neutral fat-- also with main, 

Campbell Moriitt has patented a process (1858, No. f>88) for preparing soap with 
red oil or other fat-acid and carbonate of soda, in tho form of barilla , kelp, trona, sal- 
soda, soda~ask t bicarbonate of soda , &e. 

Tlio red oil, or other fatty acid, is poured into an open pan with a firo beneath, or, 
preferably, into a kettle or tub. which it fills to one-third of tho depth, and agitated 
and heated by steam twirl. If it is desired to make a grade of soap lower than 
toilet-soap, rosin is to be added in 'small lumps as soon as tho oil has become hot. 
The proportion of rosin may range from 0 pur cent, of the fat-acid tised and upwards. 
When, after continued heating and stirring, the rosin becomes entirely dissolved, 
carbonated alkali, finely powdered, is to be added portionwise to the homogeneous 
mixture of fat and rosin, while tho twirl is kept slowly revolving. When all tho 
alkali is in, and tho intumescence has subsided, the pasto will begin to thicken, and 
will promptly assume tho condition of soap. At this stage it is shovelled out into the 
frames, and left to settle. 

For neutral soaps, the quantity of carbonated alkali should only slightly exceed tlio 
chemical equivalent proportion, and must be determined by calculation from tho com- 
bining number of the fat-acid which constitutes the “stock. 1 * For strong soaps, the 
quantity may be increased several per cent, beyond that proportion. For toilet-soaps 
the rosin is omitted. 

The relative proportions of fat, rosin, alkali, and water in this soap being ad- 
justed at the beginning, there is no waste ley or any other residue ; and tho soap 
is said to come out promptly, and in greater perfection than can bo readily obtained 
by the usual method of boiling soap upon caustic ley. The soap is always 
uniform in appearance and composition, arwl does not shrink or deteriorate by 
time and atmospheric influence. It wastes slowly in water, gives a rich lather, and 
whitens the clothes. 

Soft Soap. — The substance commonly called “ soft soap’* is a more or less impure 
solution of potash soap in caustic ley, forming, at ordinary temperatures, a trans- 
parent smeary jelly. If an attempt f NHt made to separate this soap from the ley by 
means of salt, the potash-soap would be converted into Imrd soda-soap by the chloride 
of sodium. 

The materials employed in this country for making soft soap are whale-oil, seal-oil, 
linseed-oil, and tallow; on the Continent, hemp, linseed, camelina oil, and poppy-oil 
(which belong to the class of drying oils, and do not become solid at 0° C.) are used ; 
also the different varieties of rapeseed- and train-oils, which do not dry up, and 
become partially solid at 0® C. The former produce a softer kind of soap, the latter 
•o&p of firmer consistence ; it is therefore usual to mix the oils in different proportions, 
according to the season of the year, choosing the drying oils in the winter, and the 
others for the summer, when the market-price admits of this selection being made. 

In boiling soft soap, the weaker leys from 9° to 11° B. (specific gravity 100 to 
1 '08) are first used, and a moderate heat is applied, and kept up until complete com- 
bination is effected, — until a thick sticky fluid falls in streaks from the stirrers; 
this ought to possess a shining appearance, and although it may be somewhat turbid, 
should not resemble soap separated by means of salt. , r . 

As soon as tiiese characters dearly appear, the clarification is commenced by the 
gradual addition of stronger ley. This is kept op at intervals until the mass of soup 
assumes the appearance of a transparent slime, a drop of which let fall on a gla.jf plate 
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remains clear on cooling without exhibiting any fatty border, which would indicate 
incomplete saponification : if, on the other hand, there is an excess of ley, the drop is 
granular without lustre, and a grey skin gradually spreads over its whole surface. 
When the right proportions ‘iiave been attained, the excess of water is removed by 
evaporation, the Are being increased and the evaporation accelerated by beating the 
froth with stirrers, so as to renew the air ovor its surface. As evaporation proceeds, the 
soap becomes thicker, its colour becomes darker, and less froth is produced. At last 
the froth is so much diminished that the soap sinks, and the bubbles are so for larger 
that they resemble films or lamellae, which overlap and cover each other upon the 
surface. This is what the soapboilers term the lamination , and the noise occasioned 
by the process gives rise to the saying, “ The soap talks.” The' soap is now really 
finished, but another specimen or test is taken before it is scooped out into the moulds. 
When this no longer shows any opaque zone, after having cooled for some time, or 
only in a very slight degree, it may be safely concluded that the proportions in 
the pan have been properly attained. The fire is then extinguished, the soap -is left 
for some time longer in the pan to cool, and packed in small casks for sale. 

Thebe aro two kinds of soft soap known in commerce, the composition of which is as 
follows : — 




First ‘ 

Second 

Fat-acids 


quality. 

quality. 

. . 

. 600 

40-0 

Potash 

. . 

11-5 

9*5 

Water, &c. . 

. 

• 38*0 

60*5 



low 

100*0 


Some kinds of oil, hempseed-oil for example, impart to the soap a, green colour, 
which is much prized by consumers: hence it is often artificially produced, by mixing 
the soap with indigo precipitated by potash from its solution in sulphuric acid. 

A 'so-called corn or grain is sometimes produced in soft soap by the addition of 
tallow. The soap then retains its ordinary character, but fine granular particles of a 
crystalline structure are observed fh it, consisting probably of salts of stearic and 
palmitic acids. The formation of this grain requires a certain degree of heat, and can 
only be effected in the colder seasons of th^ year, at temperatures between 9° add 15° C. 
(48° and 59° F.). This process is called “figging;” it is practised merely from 
habit, and no useful object is gained by it. Attempts have been made to imitate this 
useless appearance in a manner calculated to injure the quality of the soap. Thus, 
for instance, slaked lime has been used, with the production of a lime-soap, and even 
starch has sometimes been mixed up with the soap. 

All kinds of soft soap exhibit a strong alkaline reaction, and are characterised by a 
penetrating disagreeable odour, which, however, does not necessarily resemble that of 
the fats employed. The smell is most perceptible in soaps prepared from train-oil, 
and is due to the presence of potassic valerate. 

Soft soap is used to some extent for washing coarse linen, but it is of far greater 
importance, as an indispensable and powerful detergent, in the linen-bleaching works. 

Soda Soft Soaps . — According to Gentele’s recent experiments on a largo scale, the 
potash-base of soft soaps may in part be replaced by soda, without disadvantage to 
the resulting soap, The product has the characteristics of soft soap, but contains a 
little more water. The leys must be free from salt and other saline impurities, as 
they prevent the clarifying of the soap. The best proportion is 1 pt, of soda to 4 pts. 
of potash ley. A mixture of 100 lbs. of red oil, 50 lbs. of tallow, and 3,750 lbs. of 
liempseed-oil makes a good stock for this soap. 

All the soft, soap (savon vert) made in Belgium and Germany contains about equal 
* proportions of soda- and potash-soaps. 

A soft soap of firm consistence (white, soft soap) may also be made by melting 
together 76 pts. of tallow or tallow-oil, and 25 pts. of cocoanut-oil, and boiling the mix- 
ture with ley till the paste sharply bites the tongue. At this stage, salt solution of 
20° B. is added, to give consistence to the paste, and the soap on cooling is then ready 
to be barrelled. J 

Toilet Soaps.— These soaps consist either of very pure ordinary curd-soap, or of 
soaps prepared by the cold process (p. 314) with lard, beef-marrow, or sweet-almond 
oil, and perfumed in either case with various essential oils. To refine an ordinary 
soap— -which should, of course, be as free as possible from colour and impurity— far 
? toilet purposes, it is reduced to shavings, and melted over a water-bath with rose and 
^ m g a j g e-flower water and salt, 24 lbs. soap being thus mixed with 4 pints of rosewater, 
4fSmts of orange-flower water, and two large handfulsof salt. The next day, if entirely 
cooled, the soap is cut up into small bars and dried in a shady place, then melted anew 
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in the same quantities of rose and orange-flower water, and strained ; afterwards cooled 
and dried again. This done, the soap will be free from bad odour. It must be 
powdered, and exposed for several days to the air, but protected from dust. It is 
then ready to receive the intended perfume, and to be moulded and pressed into the 
desired forms. 

Another method is to melt 6 lbs. of best white soap in 3 pints of water, and when 
liquid to strain it through a linen cloth. It is then placed in a kettle with a pint of 
water and a tablespoonful of salt ; a brisk Are is kindled under it ; and the contents 
are whipped or stirred to make them foam and froth. The fire is then put out ; the 
balling continued till the mass is sufficiently inflated ; the fire again kindled ; and the 
kettle kept on till its contents swell and foam. It is then emptied into the cooling 
frames, and after solidification taken out, cut into cakes, and pressed. 

The perfumes used are chiefly volatile oils— viz., the oils of roses, bergamot, mallow, 
lavender, thyme, rosemary, lemon, verbena, vanilla, bitter almond ; nitrobenzene is 
also used instead of the last mentioned oil. 

Toilet-soaps are coloured blue with ulta marine, red with Vermillion, brown with an 
alkaline solution of burnt sugar. A peach-blossom tint is said to be, produced by 
adding a little cream of tartar to soap which has been perfumed with Imfer-almoud 
oil. 

Toilet $k>ft Soap, or Shaving Cream , is made by gradually beating 60 lbs. of lard 
with 75 lbs. of caustic potash -Icy marking 17° Bin. 

Glycerin Soap , which is used as a toilet-soap for softening the skin, is made by 
mixing glycerin with ordinary soap when transferred to the frames. 

Light or Flotant Soap. This soap is prepared by threshing or agitating a solution 
of soap, to which one-fifth ur one-sixth part of water has been added, with a rouser or 
paddlewlieel, until the lather has risen to twice the height of the soap-solution, and 
then transferring it to the moulds. A soap is thus obtained inflated with air, which 
gives it sufficient buoyancy to float on water. 

Transparent Soap is prepared by drying ordinary soap in a stove, dissolving it in 
hot alcohol, leaving the solution at rest to allow the impurities to settle down, or 
removing them by filtration, the filter being supported on a funnel surrounded with 
hot water, then distilling off the alcohol , ill the residue acquires such a consistence 
as to solidify when cooled in metallic moulds. 

Silicate d Soaps.— Silicate of sodium (soluble glass) is a compound possessing 
considerable detergent pywor ; in fact, the alkali contained in it is hold in a state of 
feeble combination, similar to that in which it exists in soap made with fat. When 
mixed with ordinary soap, it forms a mixed soap of greatly reduced price, and v*ry 
useful as a cleansing agent for domestic use, and in many manufacturing processes. 
Some of the so-called silieated soaps, however, are mere mechanical mixtures of silicious 
substances (such ns flno sand, alumina, fuller’s-earth, &c.) with ordinary soap : these 
are comparatively worthless. 

^ The value of the true silieated soaps was recognised at the Great International 
Exhibition of 1862, by the award of a prize-medal to W. Gossago & Sons, for “Excel- 
lent Samples of Silieated Soaps.” The manufacture of these soaps is now carried out 
on a most extensive scale. 

Eor hard soaps, the soluble glass is prepared by melting together, in a rever- 
beratory furnace, 9 pts. of soda-ash (containing 60 per cent, of caustic soda) with II 
pte. of clean sand ; and for soft soaps, equal weights of carbonate of potash and 
sand. To effect solution, the glass, after being drawn off into moulds ana quenched 
with water, is cither ground in a mill and then boiled with alkaline water ; or it is 
placed in lumps in an iron vessel having a falg« bottom, and water is poured into the 
vessel in sufficient quantity. The mixture of the soluble glass and soap is effected by 
a mechanical stirring apparatus worked by steam-power. 

When it is desired to produce a compound soap having less detergent power than 
the compound soaps obtained by mixing genuine soaps of ordinary quality with solu- 
tions of soluble glass, a portion of the alkali contained in the solution may be 
neutralised by combining it with rosin or with fatty or oily acids. The combination 
is effected by boiling the rosin or the fatty or oily acids with solution of soluble 
gloss, in the same manner as rosin and other soap-making materials are combined with 
alkali in the ordinal? process of soap-making. 

^oslkge also redness the quantity of free alkali in his silieated soap by neutralising 
it with sulphuric, hydrochloric, sulphurous, or carbonic acid, added either befon/or 
after the incorporation of the glass with the soap. The carbonic and sulphurous: 
acids are passed into the liquid in the gaseous form* 

****** *°*P* vaHotu ki n d s. — Numerous processes have been devised and 
^Vol V° r the cost of soap by mixing it with various substances— e.g. gelatin 
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ground bonds, dextrin, oleaginous seeds, potatoes, glue, wool, cotton, &c., some of which 
are said by the inventors to increase the detergent power of the soap; also for the 
so-called saponification of various kinds of animal refuse (such as stale fish, intestines, 
skins , hoofs, &c.) by boiling them with alkali; but most of the soaps thus prepared 
are worthless articles, or if they have any value at all, it is simply in proportion to 
the amount of genuine soap made from fat contained in them. 

The late Dr. Normandy patented several processes for the preparation of u salinated 
soap.” This soap contains the sulphates and carbonates of sodium and potassium, or 
sulphate and hydrosulphite of sodium, added while the soap is yet in paste. One pro- 
cess consists in adding to 80 lbs. of soap, 28 lbs. of sulphate of sodium, and 4 lbs. of car- 
bonate of potassium, or 2 lbs. of carbonate of potassium and 2 lbs. of carbonate of 
sodium. Or, if the substances are used singly, then to 80 lbs. of soap add only 32 lbs. 
of sulphate of sodium, 15 lbs. of carbonate of potassium, or 10 lbs. of carbonate of 
sodium. As this soap contains an excess of alkali, it may perhaps answer well for 
marine use. 

The addition of theso salts renders the soap harder, and, according to the inventor, 
renders it possible to prepare a useful soap from several cheap oils, which would other- 
wise yield a soap too soft for ordinary use. Sulphite and hyposulphite of sodium have 
also the property of removing the chlorine which bleached fabrics are apt to retain, 
and by which they are deteriorated. 

(For further details respecting these mixed soaps, and various other patont soaps, 
see Chemical Technology , i. [3], 716.) 

Railway and Waggon Grease. — The grease or soap used for diminishing 
friction on the axles of carriages is of two kinds. The one, called “ locomotive grease/’ 
adapted for high velocities, is prepared by heating palm-oil, or a mixturo of palm-oil 
and tallow, with a solution of sodic carbonate, whereby an imperfect soap is produced. 
The greaso thus prepared is used for passenger-carriages, and lately also for such 
goods and mineral waggons as are provided with axle-boxes. 

The other kind, called “antifriction ” or “waggon-grease,” is adapted for low speed, 
and is used for waggons having no axle-boxes. It was originally prepared by agitating 
rosin-oil (obtained by distillation of colophony) with milk of lime in a pulpy condi- 
tion ; but the present high price of rosin has coin polled manufacturers to employ 
several cheaper substitutes for it — such as paraffin residues mixod with coal-tar, 
residues from . candle-maki ng, cotton-seed oil, fish-oil or f notes, pitch-oil, the heavier 
partH of American petroleum, &c. ( Chemical Technology , i. [3], 742; [6], 555.) 

Analysis and Valuation of Soap. 

The value of soap depends mainly on the amount of dry soap (the dry compound 
of alkali with the fatty acid) contained in it, and this is easily ascertained by ex- 
posing a weighed spocimen, in the form of thin shavings, to the heat of a drying stove 
or over oil of vitriol till its weight no longer diminishes. The residuo is dry soap, 
and the loss of weight is hygroscopic water, or water which has been purposely added to 
the soap, either in the pan after it has been brought to the state of cuixl, or after its 
transference to the frames. 

To determine the proportion of fat-acid and alkali, the dried soap is decomposed 
by a measured volume of standard sulphuric acid, and the fat-acids and rosin which 
rise to the surface are eollectod on a weighed filter, washed with hot water, dried in a 
vacuum, and weighod. The weight expresses the joint amount of fatty and rosin-acids 
in the soap. Cold alcohol will dissolve out the fatty acid, together with a email 
quantity of rosin, and the filter dried in a vacuum, and weighed again, gives approxi- 
mately the amount of rosin. 

The nature of the fat- acids may be determined by their consistency nnd melting- 
point. If oleic acid greatly predominates, so that the fat-acids show but little tendency 
to solidify, the quantitative estimation may be facilitated by the addition of a weighed 
quantity of white wax. 

The quantity of sulphuric acid neutralised by the alkali in the soap is deter- 
l&bayd hir. means of the quantity of a standard solution of caustic sodA required to neu- 
jfidSae the excess of acid remaining after the decomposition (Bee Alkaximetrt, i. 117, 
Tlii ^determines the quantity of alkali in the soap; and the total amount of 
water, alkali, and fatty acids deducted from the weight of soap analysed, giyes the 
quantity of foroign matter present, which, if the soap is unadulterated, should not 
Exceed 1 per cent. 

The amount of alkali in soap may also be determined by incinerating the soap in a 
inutile. The residue t hen consists of sodic or potassic carbonate, which may be weighed, 
and the quantity of alkali thence calculated if the soap is genuine, or determined by the 
alkfdimctric method if other substances are likewise present. 
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Csilletet (Bull. Soc. ind. de Mulhouse, xxix. 8) has proposed a method of 
analysis by which only one weighing is required — viz., that; of the quantity of soap 
analysed. The soap (10 grammes), in thin sharings, is decomposed by a measured 
volume of sulphuric acid of known strength in presence of a measured volume of 

011 of turpentine. The fatty acids thus liberated dissolve* in the oil of turpentine 
and increase its volume, and this increase, multiplied by the specific gravity of the 
fat-acid, determines its weight. The amount of alkali is then determined in the 
manner just described, and the water is estimated by difference : this, ot’ course, im- 
plies that the soap is genuine, otherwise the difference will include the foreign matter 
as well as the water. 

The standard acid is prepared by mixing 189*81 grammes of the strongest sulphuric 
acid, H 2 S0 4 , with sufficient distilled water to make up the volume to a litre at 16° C. 
Of this acid, 1 0 cubic centimetres neutralise 1 *2 grammes of soda (Na 2 0 ), and are therefore 
sufficient to decompose 10 grammes of soap, the amount of alkali in which never exceeds 

12 per cent. 

10 cubic centimetres of the standard acid and 20 cubic centimetres of oil of turpentine 
are poured into a tube containing 60 cubic centimetres, and divided into 100 equal 
parts. 10 grammes of the soap in thin shavings are then added, the tube is closed 
with a good cork, well shaken for a few minutes till the soap is dissolved, and then 
left at rest for a quarter of an hour, till the oily solution of the fat-acids has com- 
pletely separated from the watery liquid. 

The volume of this oily solution is now to be read off, a deduction of half a division, 
or |« cubic centimetre, boing made to ullow for the diminution of the capacity of tho 
tube, and consequent rise of the level of the oil, occasioned by the thin film of watery 
liquid which adheres to the inner surface of the tube. 

In an experiment made with olive-oil soap, the total volume of liquid in the tube 
after agitation and standing was 79 5 divisions, and that of the watery liquid 26 divi- 
sions : hence the volumo of the oily solution was 79 5 — 26*5 — 63 divisions, or 26 6 
cubic centimetres. Deducting from Ibis the volume of turpentine-oil added, the re- 
mainder ( =* 6*3 cubic centimetres), is the volume of the fat-acids in the soap. 

To determine the specific gravity of these fat-acids, 10 grammes of the same soap 
were dissolved and decomposed by sulphuric acid ; 10 grammes of white wax w r ore then 
added. The union of this wax with tho separated fatty acids was promoted by heating, 
the whole then left to cool, and the cake of wax separated from tho liquid, dried between 
filtering- paper, and weighed. Its weight was 15 97 grammes, which diminished by 
10 grammes, the weight of the wax added, gives 5*97 grammes as that of the fat- 
acids in the soap; and this divided by 6*6 cubic centimetres, the volumo of tho fat- 
rn-ids obtained from the same quantity of soap, gives 0*918 for the specific gravity of 
these fatty acids. By similar experiments with difforent kinds of soap, the specific 
gravities of the fut-acids containod in them were found to be, on the avorage : 

Specific Gravity of Fat-Acids, 

09188 
0*940 
0922 
0*9714 
00003 

When rosin-Boap is shaken up with dilute sulphuric acid and oil of turpontine, 
scarcely any of the rosin is dissolved. If fat-acids are likewise present, these dissofvn 
in the oil of turpentine; but the quantity of rosin dissolved is only sufficient to increase 
the volume of the turpentine-oil (20 cubic centimetres), by cubic centimetre. The 
undissolved rosin collects below the turpentine as a bulky layer, so that in this way 
the presence of rosin in a soap can easily be detected. 

Holley's Method.---One gramme of the soap is decomposed in a small beaker-glASs with 
ether and acetic acid. Two layers of liquid are then quickly formed, the upper being 
an ethereal solution of the fat-acid (or rosin), and tho lower an aqueous solution of 
alkaline acetate and of the salts contained in the soap, whilst insoluble admixtures are 
leftin various forms, according to their particular nature. The two liquids s$e gepiv* 
rated by a pipette; the ethereal solution is evaporated in a tared glass over the 
bath, and toe residual fat-acid (or rosin) is weighed. ' "V ‘ 

The watery liquid is evaporated to dryness in a platinum-dish, the residue is ignited^ 
method. 4B101in ^ (remaining as chloride and sulphate) determined by the usual 

Grayer* s Method. — The soap, cut in thin shavings, is dissolved in alcohol of 30 per 
<*nt., the quantity of solvent used being such that 100 grammes of soap shall yield a 
Jure of solution. All impurities are then left behind, together with a certain quantity of 

Y 2 


Olive-oil (Marseilles) soap 
Cocoanut-oil soap 
Palm-oil soap . 

Tallow soap 
Soap from oleic acid 
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0 odic or potassic carbonate ; 10 cubic centimetres of the solution, clarified by standing 
are then diluted with water, and precipitated by chloride of calteium. The precipitat 
consisting of the calcium-salts of the fat-acids, is washed, dned at 100 ° O., an 
weighed. 100 parts of this precipitate correspond, according to Grager, with 100' 
parts of anhydrous soap, that is of sodic stearate, the result not being perceptibl 
affected by the fact that the acid of soap is not pure stearic acid, but likewise contain 
palmitic and oleic acids. . , , 

The extreme limit of water in genuine hard soap is 20 per cent, for mottled, 25 foj 
white, and 30 for yellow soap. The proportion of alkaline bases is mostly from 3 to 9 
per cent ., and that of the fat-acids from 60 to 70 per cent. In yellow soap, part of 
the fat is replaced by 10 to 20 per cent, of rosin, and soaps made from cocoanut-oil 
contain a much larger amount of normal water than those made from tallow or olive- 
oil. Hut the above proportions may be regarded as standards of comparison ; and any 
deviation from them indicates a deterioration in the quality of the soap, either from 
excess of water, or from the substitution of some foreign substances for the normal 
constituent of the soap. (See further Chemical Technology , i. [3], 729 ; [5], 318.) 

SOAPSTONE. Soap-rock. Pierre de Savon. Stifenstcin. Steatite in part. — A 
soft massive mineral, occurring in veins in serpentine at the Lizard Point in Cornwall 
and elsewhere. It is brittle after drying, has a greasy lustre, and white, yellowish, 
bluish, or reddish colour ; does not adhere to the tongue. Specific gravity = 2*20. 
Before the blowpipe it gives off water and blackens ; thin splinters fuse with difficulty 
oil the edges. Perfectly soluble in sulphuric acid. 

Analysis. — a. From Lizard Point (Klaproth, Beitrdge, ii. 180; v. 22). — b . From 
the same (Svanberg, Pogg. Ann. liv. 267; lvii. 165). — c. Gae Grease, Cornwall 
(Ha ugh ton, Phil. Mag. [31, x. 253). — d. Kynance Bay, Cornwall (H'aughton). — 
e Frankenstein in Silesia : Kcrolite (Maak, Schw. J. lv. 304).—/^ Svardsjoin Dalarne, 
Sweden: Piotin or Saponite (Svanberg, loc. cit.). — g, h. North shoro of Lake 
Superior: Thalite (Smith and Brush, loc , cit.): 
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Silica 

4500 

46-8 

42*10 

42-47 

37 95 

50-89 

48-89 
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7-67 

6-65 

1218 

9-40 

7 23 

4*87 

Ferric oxide 

1*00 

0*4 

, . 

, 

. . 

2*06 

2-46 

209 

Magnesia . 

2475 

33 3 

30*57 

28*83 

18-02 

26*52 

24*17 

24-10 

Lime , • . 

m m 

0-7 

. 

, 

. , 

0*78 

, 

1-07 

Potash 

Soda . . 

0-75 

- • 

• • 

• • 

• • 

: :S 

0*81 

0 45 

Water 

18*00 

lid 

18*46 

19*37 

31*00 

10*50 

15-66 

20-66 


98-75 

100-2 

98-80 

97-32 

99-15 

100*15 

99-22 

98-84 


These analyses cannot be reduced to any single formula : indeed, it is doubtful 
whether any of the minerals to which they refer are definite compounds. 

SOAP WORT. Saponaria officinalis. — The root of this plant, which contains 
saponin (p. 192), is used for washing and cleansing dresses, &c. (See Urds Dictionary of 
Arts, iii. 719.) 

BORA. This term, in scientific language, is applied to the anhydrous protoxide of 
sodium, Na s O, or the hydrate, NuHO, but in technological language, it denotes also the 
neutral carbonate, Na*CO' or Na*O.CO a . The mode of occurrence of this salt in nature 
and its properties have. been described under Carbonates (i. 702). It was formerly 
prepnreef from the ashes of marine plants, chiefly from certain species of salsola, some 
of which (viz., Salsola clavifolia and S. Soda ) yield an ash containing more than 40 per 
cent, of neutral sodic carbonate. But the quantity obtained from these sources at the 
present day is altogether insignificant compared with that which is produced from com- 
mon salt by the mode of decomposition invented by Lab lane, and consisting : 

1. In converting chloride of sodium, into sulphate by heating it with sulphuric acid. 

2. In converting the sulphate into carbonate by healing it with chalk or limestone and 
coal. 

A brief outline of this process is given under Carbonates (i. 702), and a Pull account 
of it, with figures and descriptions of the apparatus used, will be found in Richard- 
son and Watts's Chemical Technology , (i. [31, 204 — 295 ; [5], 234 — 265). In the 
present article we shall enter somewhat more fully into the theory of the second part 
of the process, the “ balling process ” as it is called, especially with reference to recent 
investigations. 

Dumas suggested, for the explanation of Leblanc's process, a theory which may be 
expressed by the equation : 

2Na*SO« + 3CaCO* + C* = 2Na*CO* + Ca0.2CaS + 10CJO. 
This theory, which was for many years universally received as correct, supposes that the 
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black ash or ball-soda contains an oxysulphide of calcium, Cu0.2CaS. This compound 
has never been isolated, but its existence was assumed, because it whs believed that if 
the calcium in the ball-soda existed as oxide and sulphide not combined together in 
the form of an insoluble oxysulphide, the carbonate of sodium and sulphide of calcium 
would, when brought in contact with water, immediately decompose one another, 
forming sulphide of sodium and carbonate of calcium. A similar theory of the process 
was given by Unger (Ann* Oh. Phurin. Ixxxi. 328), who assigned to the supposed 
oxysulphide the composition Ca0.3CaS . Kynii&ton (Chem. Soc. Qu. J. xi. 165) 
supposed the hall-soda to contain an insoluble compound of sulphide and carbonate of 
calcium , CaCO s .2CnS. 

Goss age however pointed out, in the specification of n patent obtained in 1838 (No. 
•7416), that the undissolved residue remaining from the iixiriation of black ash with 
water, consists almost entirely of monosulphide and carbonnte of calcium, not chemi- 
cally combined, but merely mixed ; further, that this monosulphide of calcium is per- 
fectly insoluble in water, and therefore does not decompose the sodic carbonate when 
the black ash is treated with water, such decomposition taking place only in so far as 
a portion of the raonosulphido may have been converted into a soluble polysulphide 
during the treatment in the furnaco. 

These results aro fully confirmed by the recent experiments of Dubrunfaut (Bull. 
Soc. Cliim. 1864, i. 240), Scheurer -Kestner {ibid. 169), Pelonzo (Compt. rend. 
[1866], liii. 314), and especially of J. Kolb (Ann. Ch. Phys. [4], vii. 318; Bull. 
Soc. Chim. 1866, ii. 11). 

Dubrunfaut, by heating to redness a mixture of 1 at. sulphide of sodium and 1 at. 
chalk, obtained exactly 1 at. sodic carbonate and 1 at. calcic monosulphide, CaS. 

Kolb treated in a soda-furnace t wo series of mixtures of chalk, carbon, and sodic sul- 
phate, the first series being in the proportions corresponding to the equation of Dumas 
above given — the second correspond ing to the equation : 

Na*SO* + CaCO* + C 4 - Na*CO* + CaS + 4CO, 

in which itwill be observed that no oxide of calcium is formed. These two mixtures, 
when calcined and afterwards lixiviated under similar conditions, yielded exactly the 
same results. Hence Kolb concludes tin. t the action of charcoal on a mixture of sodic 
sulphate and calcic carbonate in equal numbers of atoms yields sodic carbonate and 
calcic sulphide, easily separable by lixiviation at ordinary temperatures. 

In this operation the reduction of the sodic sulphate by the carbon may be explained 
in two ways : 

1. According to the ordinary theory, the exchange takes place as represented by tho 
equation : 

Na 2 SO« + CaCO* = Na 2 CO* + CaS0\ 

the carbon then acting on the calcic sulphate so as to reduce it to sulphide. 

2. The charcoal may be supposed to exert a direct reducing action on the sodic 
sulphate, double decomposition then taking place between this compound and the 
calcic carbonate. 

This latter view is confirmed by the experiments of Kolb, who finds that a mixture 
of sodic sulphate and chalk, calcined at a bright-red heat, yields nothing but sodic 
sulphate and quicklime. 

The reduction of the sodic sulphate by charcoal might take place in two ways, viz. : 

(1) Na 2 S0 4 + C 4 ~ Na 2 S + 4CO 

(2) Na 8 S0 4 + C* « Na*S + 2CO*. 

But the composition of the gas evolved shows that the reaction takes place according 
to the second of these equations, and accordingly that the production of sodic carbonate 
should require the materials to be in the proportions deduced from the equation : ^ 

Na*S0 4 + CaCO* + C* - Nu s CO* + CaS + 2CO*. 

But by actual experiment with these proportions in the soda-furnace, it is found that 
half the sodic sulphate remains unaltered, port of the charcoal being, in faot, employed 
in decomposing the chalk according to the well-known equation : 

CaCO* + C - CaO + 2CO ; 

so that the action of the carbon is divided between the sodic sulphate a chalk, 

in the manner shown by the equation : 

Na*S0 4 + CaCO* + C* - Na*S + CaO + 2 CO* + 2CO. 

The chalk being decarbonised at the same time that the sodic sulphate is reduced, it 
follows that the carbonic acid of the chalk cannot contribute to tne formation of the 
sodic carbonate. Kolb has in fact shown, by a series of analytical experiments, that 
the formation of sodic carbonate and calcic sulphide in the balling furnace is produced 
by the action of carbonic add, parly resulting from the reduction of the sodic sulphide. 



326 


SODA. 


partly existing in the gases of the furnace. Accordingly, when the mixture is heated in 
crucibles, so that it is not much exposed to the furnace-gases, a highly sulphuretted 
soda is obtained, whereas ^hen it is heated in tubes traversed by a current of carbonic 
acid gas, a very pure sodic carbonate is obtained. 

The temperature best adapted for the production of ball -soda is between the melting- 
point of bronze and of silver. Below the former, the reaction is incomplete ; above 
the latter the soda is “burnt," — that is to say, the sodic carbonate is decomposed, aB 
shown by the following equation, yielding oxide and sulphide of sodium: 

Na’CO* + C - Na 2 0 + 2CO; and Na*0 + CaS =" Na*S + CaO. 

Kolb has also analysed a series of samples of ball-soda in the manufacture of which 
the coal had been replaced by wood-charcoal, peat, wood-shavings, &c. All these, 
samples yielded similar results, whence it appears that the proportion of carbonaceous 
matter to be introduced into the mixture depends wholly upon its reducing power, 
which may be determined beforehand by an experiment with litharge. 

The results show that the proportions required by theory are : 

Sodic sulphate . . . . 100 0 parts 

Chalk 70'4 „ 

Carbon 2o5 „ 

These proportions may, however, be considerably varied without sensibly affecting the 
result. 

. Action of Air and Water on Black Ash or Hall Soda (Kolb). — Dry air deprived of 
carbonic acid has no action on ball-soda, either at ordinary temperatures or at 100° ; 
but at a rod heat it converts the sulphide of calcium into sulphate, which in the sub- 
sequent lixiviation reconverts a certain portion of the sodic carbonate into sodic sul- 
phate, and thereby diminishes the percentage of alkali in the product. 

Carbonic anhydride in the dry state has no action on black ash (it does not net, 
indeed, either oil Mmo or on sulphide of calcium) ; hut in presence of moisture, it first 
converts the lime into carbonate, and then ucts on tho sulphide of calcium, forming car- 
bonate and sulphydrato of calcium : 

CaS + H*0 + CO a = CaCO* + H 2 S ; and IPS + CaS «. CalPS*. 

When black ash is exposed to moist air, the lime contained in it is first hydrated by 
the aqueous vapour, and afterwards converted into carbonate. At tho same time, any 
sulphide of sodium that may lie present in the crude soda, is converted into hyposul- 
phite, but tho oxidation does not go any further. The sulphide of calcium, on the 
other hand, is oxidised by moist air, less quickly hut more completely, being converted 
into calcic sulphate, which, as already observed, decomposes the sodic carbonate during 
lixiviation, and thereby diminishes the proportion of available alkali. 

Another cause of the formation of calcic sulphate, and consequent deterioration of 
the ball-soda, is the presence of iron in the state of ferric oxide (not sulphide), which, 
in presouco of moist, air, reacts with the sulphide of calcium, forming limo and 
sulphide of iron, which latter becomes oxidised to sulphate ; and this again in its turn 
reacts with tho sulphide of calcium, forming ferrous sulphide and calcic sulphate: 

Fe-0 3 .2SO* 4- 2 ChS = 2FoS + 2Cu$0« + O. 

The same Berios of actions therefore recommences indefinitely, so that a very small 
quantity of ferric oxide is sufficient, under the influence of moist air, to convert a large 
quantity of calcic sulphide into sulphate. Hence the bull-soda should not be left 
exposed to the air longer than is necessary for the partial hydration of the lime con- 
tained in it, so as to facilitate its disintegration. 

Action of Water, — By subjecting a given weight of ball-soda to tho action of vari- 
able quantities of water for different times and at different temperatures, Kolb has 
obtained the following results : — 

1. A given quantity of crude soda yields very different proportions of caustic soda 
and Bodic sulphide, according to the quantity and temperature of the water with which 
it is treated, and the timo of digestion. 

2. The degree of causticity of the resulting solution is not sensibly affected by the 
quantity of water used, but increases with the time of digestion and with tho tempera- 
ture. 

a. The proportion of sodic sulphide increases with the quantity of water, andmore 
particularly with the time of digestion and the temperature. 

4, The decrease in the quantity of sodic carbonate not only corresponds with the 
quantity of caustic soda formed, but is also affected by the variation in the quantity of 
sodic sulphide : hence it would appear that the latter is formed at the expense of the 
carbonate 
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6. The quantities of caustic soda and sodic sulphide do not appear to bear any definite 
relation to one another. 

Kolb has likewise examined the action of water on pure sulphide of calcium, alone, 
£ii d in presence of sodic carbonate, caustic soda, and lime, •The results are as follows: 

a. The quantity of calcic sulphide dissolved or decomposed by water is very small, 
but increases with the temperature and the duration of the digestion. 

Lime has no sensible* influence on the solubility of calcic sulphide ; but & small 
quantity of caustic soda stops the solution almost entirely, especially at common tempe- 
ratures. 

y. The decomposition of eodic carbonate by calcic sulphide : Na*CO a + CaS =** 
Na*S + CaCO*, which is considerable in very dilute liquids, diminishes on concen- 
tration, and ceases altogether in n solution saturated with eodic carbonbto. 

5. The presence of caustic soda in small quantity (or, what comes to the Bame thing, 
of lime) prevents the action of calcic sulphide on sodic carbonate. 

The accordance of these last, results with the observed action of water on ball-soda 
affords a strong argument against tho supposition that this substance contains an oxy- 
sulphide of calcium. 

The following table exhibits the composition of black ash, as determined by different 
analysts. Tho arrangement of the basylous and acid elements in compounds is of 
course to a certain extent theoretical: thus, in the first throe analyses, tho oxide and 
sulphide of calcium are regarded as combined into an oxy sulphide, whereas in the last 
throe they are given separately : 


Compo»itkm of Black A$h. 




C«vit(7, 

Glasgow. Newcastle. 




II row n 

Richardson. 

Sulphate of Sodium 


1-99 

116 

3 64 

Chloride of Sodium 


. 2*64 

1*91 

000 

Aluiniiiata of Sodium . 


. 

2-35 


Carbonate of Sodium . 


. 23-57 

36*64 

9*89 

H ydrate of Sodium 


. 11-12 

0-61 

26-64 

Lime .... 


. 

6-30 


Carbonate of Calcium . 


. 12-90 

29T7 

15*67 

Oxy sulphide of Calcium 


. 34 70 

1 13 

36-57 

Sulphides of Iron. 


. 2-45 

4-92 

1-22 

Silicate of Magnesium . 


. 4 14 

374 

0-88 

l-ltmmariiie 


. . . 

0-29 


Carbon 


. 159 

8-00 

4-28 

Sand .... 


. 2-02 

4-28 

0*44 

Moisture 


. 2 18 

0-70 

2*17 



99-80 

100-20 

10000 




Liverpool. 


Carbonate of Sodium 


Kjmaston. 

Murphy, Mu’pn«tUind Dinson. 


30-879 

4T489 

28-89 

Chloride of Sodium 


2f>28 

1-308 

307 

Sulphate of Sodium 


0-395 

0-748 

0-82 

Silicate of Sodium . . 


1-182 

1*162 

8 27 caustic soda. 

Alu ruinate of Sodium 


0-689 

0*392 

0-40 

Sulphido of Calcium 


28-681 

33193 

26-86 

Carbonate of Calcium 


3315 

0*867 

14-22 

Bisulphide of Calcium 


0-435 


Hyposulphite of Calcium 


1152 



Sulphite of Calcium 


2178 



Caustic Lime . 


9 270 

9*320 

9*24 

Magnesia 


0254 

. . 

2*03 as silicate. 

Sulphide of. Iron . 


0*371 


Ferric Oxide and Phosphate 1 
of Calcium . « . T 

2-668 

3*020? 

6*23 

Alumina 


1*132 

1*020 j 

Charcoal 


7*007 

4*724 


Sand , . .* 


0*901 

2-269 


Ultramarine . 


0*959 



Moisture . 


0-219 

. 

0* 99 


100*206 

99-492 

10002 


BOBA AltTlf. NaAr'(S0 4 )**l2H*0. — Occurs native on the island of Milo at 
the Solfatara near Naples, and near Mendoza, on the east of the Andos, (See 8uj> 

PHATXft.) V 
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IOBA OOPPBBAt. A sodio -ferric sulphate found in the alum-slate of Modum 
in Norway. (See Sulphates. ) 

BOBA SPOBUMUVA Syn. with Oltoocl^b (iv. 198). 

SODA-UBCS. A mixture of caustic soda and quicklime, used chiefly for nitro- 
gen-determinations in organic analysis (i. 245). 

BOBASZTB. A sodio-nluminic silicate, containing chlorine , occurring in dodeca- 
hedrons and other forma of the monometric system, with dodecahedral cleavage / 
sometimes in twin -cry stub, having the form of a hexagonal prism, arising from the 
combination of two dodecahedrons ; also massive. Hardness = 5*5 — 6. Specific 
gravity 2 26 — if' 3 7. Lustre vitreous, inclining to greasy. Colour grey , greenish, 
yellowish-white, and sometimes blue. Subtransparent — subtranslucont. Fracture 
conchoidal — uneven. Before the blowpipe it melts to a colourless blistered glass. 

Analyses (the chlorine being reckoned as chloride of sodium): a. From Vesuvius:, 
colourless; specific gravity «= 2-136 (Ramm clsberg, Mineralch. p. 702). — b. From 
the same : green ; very rare ; small dodecaliet Irons with cubic faces, occurring in a lime- 
stone with vesuvian and nephelin. — c. Lamo near Brevig in Norway: blue, in elseolite 
(Bork, Fogg. Ann. lxxviii. 413). — d. From the Ilmen mountains near Mi ask : blue, in 
elteolite; specific gravity *» 2 288 (E. Hofmann and G. Hose, ibid, xlyii. 377). — 
e. Lichfield, Maine : blue, in eheolite (W h i t n ey, ibid. Ixx. 431) : 


a . b. c. d. e. 


Silica 

3812 

3876 

3886 

38-40 

37-46 

Alumina . 

31-68 

34-62 

30-82 

32-04 

30-93 

Lime (and MgO) 

. 


1-65 

0-32 


Soda . 

1849 

2M8 

16'39 * 

18-24 

18-33 

Potash 






Sodium 

4*37 

1-67 

4*57 

4-63 

4-55 

Chlorine . 

6-69 

2 55 

7-00 1 

710 

6-97 


9935 

9878 

99-29 

100-73 

98-24 


These analyses may bo represented by the formula NaCl.w(NnAr''Si(P). (compare 
the formula of huiiyne, iii. 15), the sodium-clilurido and the silicate being crystallised 
together isomorphously in varying proportions. 

.Sodalito occurs iu mica-slate, granite, trap, basalt, and volcanic rocks. In Green- 
land it is found in mica-slate, togHher with felspar, hornblende and eudialyte. 

BOBaMIDS. Olive-coloured Sodium-compound . — When a quantity of sodium 
which evolves from water 100 measures of hydrogen gas, is heated in ammoniacal gas, 
it absorbs tranquilly between 142 and 163 measures, sotting 100 measures of hydrogen 
free, and assuming first a blue and afterwards a green colour. Tho compound is 
olive-green and fusible, and manifests the sumo relations as tho corresponding potas- 
sium-eompumul (iv. 695). (Gay-Lussac and ThAnard, Rcckcrches, i. 354; H. Davy, 
Phil. Trans. 1810, p. 24.) 

Sodumide appears to bo capable of uniting with sodic oxide. When a mixture of 
oxygen and ammonia gases, the latter being in excess, is passed over sodium, sodumide 
alone is formed, and at a lower temperature than with pure ammonia gas; but if the 
quantity of oxygen is increased, a fused ruby-coloured mass is obtained, consisting of 
a compound of sodic amide and oxide. This compound is permanent in ammonia gap, 
oven at 300°, but becomps derolorised when air or oxygen is passed over it, and 
leaves a white substance, apparently consisting of sodic hydrate . — Potassium treated in 
like manner yields a similar compound, but of a deep blue colour. (W ey 1.) 

BODiiMBKOirxuiK. NIFNa, or rather N 3 H*Na*? (Weyl, Pogg. Ann. exxi. 
697: Jahresb. 1861, p. 163.) — This compound appears to be formed when lumps of 
pure bright sodium are placed at one end of a bent tubo, a quantity of silver-chloride 
previously sat united with ammonia gas at the other, the tube then sealed, the end con- 
taining the silver-chloride heated in a chloridc-of-calcium-bath, and the other end 
immersed in cold water. Tho sodium then swells up, and is converted into a liquid, 
which is copper- red by perpendicularly reflected, greenish-yellow by obliquely reflected 
light, blue in thin films by transmitted light. As the silver-chloride cools, and the 
ammonia gas is reabsorbed, the sudummomum decomposes and pure sodium remains 
behind, having a dull surface and spongy texture. By again heating the silver-chloride 
the compound may be reproduced any number of times . 4 - 

A sodammon ium-a mahpi m appears to be fiorme<| by exposing in like manner to the 
action of ammonia gas, a pulverplent amalgam pf mtriv equal parts of sodium and 
mercury. After two hours* action, the jflKgyn contact with the surface 

* Including O Bl'poUth. ‘ difference. 
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of the tube exhibits a metallic luBtre and bronze-red colour, while the interior is dull 
and brick-red. . This product can likewise exist only in an atmosphere of ammonia, 
being resolved in a few hours after the cooling of the silver-chloride, into ammonia, 
free mercury, and a sodium-amalgam containing less mercury than the original amal- 
gam. 

Potassammonium, N*H*K 2 ?, is prepared like sodammonium, and exhibits similar 
properties. 

Other mefallammoniumsmay be produced by the decomposition of sodium- or potass- 
ammonium. Thus when a mixture of a metallic chloride or oxide with an equivalent 
quantity of sodium is exposed' in the manner above described to the action of 
ammonia-gas, the gas is first absorbed by the metallic chloride (or oxide) and after- 
wards by the sodium, the sodammonium thus formed flowing over the metallic salt, 
and reacting upon it without much rise of temperature. With a mixture of barium- 
chloride and sodium the reaction appears to be : 

N s H*Na + 2NH* + Ba'Cl 2 - N’lPBa" + 2NII s NaCl. 

Sodamino- B .ram- Chloride of 

n I Lira. monlum. Sodammouium. 

Barammonium forms a deep blue liquid having a metallic lustre. — Copper-, Mer- 
cury-, and SUver-ammonium are obtained in like manner from the respective chlorides, 
and zinc-ammonium from tho oxide. These compounds are likewise very unstable, 
being resolved, even in the sealed tube, into metal (which appears grey, dull and 
destitute of coherence) and ammonia. If in the arrangement just described the 
metallic chloride be replaced by an ammonium-salt, e.g. NJI. 4 C1 or (NH 4 )‘S0 4 , similar 
reactions take place, and the tube becomes tilled with a blue liquid mixed with excess 
of ammonia. This blue liquid, which is also formed by the action of pot ossic hydrate 
on potassammonium, appears to consist, of ammonium itself, N*H B . It is oven more 
unstable than the mctall&nimoniuTiis, being resolved into ammonia and hydrogen; part ly 
even before the reaction between! he ammonium-salt and the sodammonium is completed. 

Tvtrasodammonium. NNa 4 ? — Monosulphide of sodium brought in contact, in a 
sealed tube, with liquid ammonia, is converted (with transient formation of liquid 
ammonium) into an orange-yellow substance, which soon decomposes, leuvihg a white 
substance still containing ammonia. This residue gives off ammonia on exposure to 
the air, and the odour of ammonium- sulphide when heated, It is perhaps formed in 
the manner represented by the equation : . 

4Na*S + 8NH» - (NNa*)'-'S + 3(NH«) ! S. 4 . 

T< trapotaszammonium appears to be formed in a similar manner. (W eyl.) 

SODIUM. Atomic Wright 23. Symbol Na (from Natrium ). Soda, tho alkali 
containing this element, was formerly confounded with potash, but wuh proved to be a 
distinct substance by Duhamel in 173G, and subsequently by Marggraf in 1758. 
H. Davy first obtained the metal in tho year 1807. 

Sodium is a very abundant, element and very widely diffused. It occurs in largo 
quantities, as chloride, in rock-salt, sea-water, salt -springs, and many other mineral 
waters; abundantly also ns nitrate, forming beds r“veml feet, thick on the dry pampas 
of Peru ; more rarely as carbonate, borate, and sulphate, either in springs, 
lake*, &c., or in the solid state; as sodio-aluminic fluoride in cryolite ; ami as silicate 
combined with earthy silicates in chabaaite, unalcime, nutrolito, tliornsonite, eudialate, 
albito, soda-spodumenc, labrador, ncpheline, hauync, socialite, brcwicite, cancrinite, and 
achmite ; in very small quantity also in bole, pitchstono, pumice- stone, obsidian, lttnerite, 
andpinite. Traces of sodium-salts are found in coal, in aUkimlsoflimestonoRnd dolomite, 
and in talc, asbestos, and othor minerals. In tho vegelable kingdom it occurs as 
sulphate, iodide, and chloride, and combined with vegetable acids, especially in plants 
growing in or near the sea ; in the animal kingdom, combined with carbonic, phosphoric, 
sulphuric, hydrochloric, and various organic acids. 

Preparation of the Metal. The preparation of sodium ia similar to that of potas- 
sium. Davy first obtained it by the electrolysis of the hydrate; Gay-Lussac and 
Th4nard afterwards prepared it by decomposing that compound with metallic iron 
at a white heat ; and Brunner showed that it may be prepared with much greater 
facility by distilling a mixture of sodic carbonate and charcoal. 

The preparation of sodium by this last -mentioned process is much easier than that 
of potassium, not being complicated, or only to a slight extent, by the formation of 
secondary products. Within the last few years it has been considerably improved by 
Devi lie and others, and carried put on ^manufacturing scale, sodium being now 
employed in considerable quantjftjr as $ Teditiag agent* especially in the manufacture of 
aluminium and magnesium^iuPn am al gamati on process (p. 285). 

The iodic carbonate Si prtparaduy calcining the crystallised 
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neutral carbonate. It must be thoroughly dried, then pounded, and mixed with a 
slight excess of pounded charcoal or coal. An inactive substance, viz. pounded chalk, 
is also Added to keep the mixture in a pasty condition during the operation , and pre- 
sent the fused sodic carbonate from separating from the charcoal. The following are 
the proportions recommended by Deville : 

For Laboratory Operations. For Manufacturing Operations. 

Dry sodic carbonate . . 717 parts Dry sodic carbonate . . 30 kilogr. 

Charcoal . . . . 175 „ Cofil 13 „ 

Chalk 108 „ Chalk 3 „ 

These materials must bo very intimately mixed by pounding and sifting, and it is 
advantageous to calcine the mixture before introducing it into the distilling apparatus, 
provided the calcinati6n can bo effected by the waste heat of a furnace; the mixture is 
thereby rendered more compact, so that a much larger quantity can be introduced into 
a vessel of given size. 

Tho distillation is performed, on the laboratory scale, in a mercury bottle heated 
exactly in the manner described for the preparation of potassium. 

For manufacturing operations, the mixture is introduced into iron cylinders, which 
are heated in a reverberatory furnace, and so arran god that, at the end of the distillation, 
tho exhausted charge may be withdrawn and a fresh charge introduced without dis- 
placing the cylinders or putting out the fire. Tho recoivers used in either case are 
exactly tho same in form and dimensions as those employed in the preparation of 
potassium (iv. 693). 

When the process goes on well, the sodium collected in the receivers is for the most 
part perfectly pure, the carbonised products which give so much trouble in the prepa- 
ration of potassium being produced in very small quantity only, if at all. Nevertheless 
a small quantity of somewhat impure sodium always remains attached to the inner 
surface of the receivers ; hence when a receivov has been used, the plates should be 
separated and scraped before tlioy are used again ; and the matter scraped off, being 
received under naphtha, may be collected after a while and will yield by distillation a 
considerable quantity of sodium. Lastly, the pure metal obtained by this and by the 
first distillation is melted undor a thin layer of naphtha, which is decanted as soon as 
the sodium becomes perfectly fluid, and the metal is then run into moulds liko those 
used for casting lead or zinc. 

• The degree of boat absolutely required for the reduction of sodium is not much 
higher than for the reduction of zinc; but the distillation goes on better and a larger 
product is obtained when the temporature is raised considerably higher. The quantity 
of sodium obtained in a well conducted operation, is about one-tliird of tile weight of 
tho calcined mixture. 

[For a derailed description of the manufacture of sodium, with figures of the 
apparatus, see Chemical Technology^ i. [4], 6 and [5], 125.] 

Propbrtfcs . — Sodium has a high lustre, and usually a silver-white colour ; according 
to Long liowevor (Chom. Soc. Q. J. xiii. 123), its surface when perfectly clean and 
metallic, is of a beautiful rose colour, which is best seen when a ray of light falling on 
a surface of tho metal is reflected back from a second surface and again reflected from 
tfthe, first. 

fte specific gravity of sodium is 0*9348 (Davy); 0*97223 at 15° (Gay-Lussac 
and Thenar d) ; 0*985, reduced to a vacuum and compared with that of water at 3*9 
(Schroder, Jubresb. 1859, p. 12). It is rather hard at —20°, very ductile at 0°, of 
the consistence of wax at common temperatures, semifluid at 50°: melts completely at 
97 ' 6 ° (Regnault, J, thresh. 185G, p.43),at 95*6° (Bunsen, ibid . 1863,p.l78). When 
n few grammes of sodium uqe melted in a sealed tube filled with coal gas, then left 
to cool till a few solid points appear on the surface, and the remaining liquid 
suddenly poured off by inclining the tube, the solidified portion remains in shining 
octahedral crystals belonging to the dimetric system and having the plane angles at 
the apex — 50° (Long). Sodium is less volatile than potassium (Davy; Gay-Lussac 
and T h e n a r d) ; nit her more so ( M i t s c h e rl i c h). Its vapour is colourless. Sodium 
is an excellent conductor of heat and electricity. 

Sodium when exposed to the air oxidises like potassium, but not quite so rapidly. 
When heated in the air it bums with a yellowish flame, forming protoxide and dioxide 
of sodium. When heated in oxygen gas till it no longer increases in weight, it is 
wholly converted into dioxide. When dropt upon cold water, it decomposes a portion 
of the water, liberating hydrogen and running about on the surface with a hissing 
noise, but the gas docs not take fire unless the water be previously heated. 

Sodium is a monatomic metal belonging to the group which includes the other Alkali - 
metals and silver. With chlunno, bromine, iodine and fluorine, it forms the compounds 
KC1, KBr. &c. ; with oxygen it forms a protoxicte1tf* ? d, the corresponding hydrate 
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NaHO, and a dioxide Na*0* ; with sulphur, a protosulphide Na*S t a sulp^ydrate NaHS, 
and several poly sulphides. * 

SOOZtTMf AUO rfi OF. These alloys closely resemble those of potassium, and 
are prepared in like manner by fusing sodium with the respective metals. The amalgam 
of sodium (in. 889) is much used us a reducing or hydrogenating agent. M. Sell o la 
(J. pr. Clicm. Ixxix. 441), by adding sodium to mercury in such quantity that the 
product solidifies completely on cooling, then pressing out the excess of mercury, fusing 
the remaining amalgam, and leaving it to cool slowly, obtains a sodium-amalgam, 
crystallised in tine prisms, often an inch long, which may be kept in well closed 
vessels without sensible oxidisation, and are easily pulverised. By further addition of 
mercury, this amalgam maybe brought to a more or less fluid state. — F. Muhlhauser 
(Zeitschr. Ch. Fharm. 1864, p. 720) heats sodium under naphtha to 00°, and allows 
mercury to flow into it in a fino stream. The sodium then swells up and ultimately 
forms a solid mass, which may be left to cool under naphtha. 

Inspecting the alloys of potassium and sodium, see Potassium (iv. 696). 

SODXTTMi AVTIMONIBB OF. Prepared by direct combination of its elements. 
Resembles antimonidc of potassium (i. 317). 

SODIUM, ARSENIDE OF. This alloy, which is used for theprepnration of the 
arsenides of ethyl, methyl, &e., is prepared by gently heating finely pulverised metallic 
arsenic in a furnace having a good draught till it begins to fume, and then introducing 
small pieces of sodium from time to time till the mixture begins to assume a fluid 
consistence, which effect takes place when a quantity of sodium has been introduced 
about equal to that of the arsenic. As the product, is highly combustible it is neces- 
sary to exclude the air, for which purpose the arsenic is pineal in a porcelain cruciblo 
enclosed within u hessian crucible, both being provided with closely fitting covers, 
which must only be removed to introduce the sodium, or to stir the mixture with an 
iron rod. The action is very violent and attended with vivid incandescence. The 
alloy, which luvs a crystalline fracture and silver-white colour, must be kept in closely 
stoppered bottles filled up with sand. It dccomfmscs water with evolution of orsen- 
etted hydrogen, nn effect which takes place even in damp air : hence it muBt be 
handled with caution. (Lundolt, Aon. Oh. Pliurm. lxxxix. 201.) 

SODIUM, BROMIDE OF, Nallr. This salt, rroducod by saturating hydro- • 
bromic acid with soda, or by decomposing ferrous bromide with sodic carbonate, crystal- 
lises by evaporation at temperatures above 30°, in anhydrous cubes, at lower tempera- 
tures in oblique rhombic prisms containing NaBr.2H'*’0 (Mi tscherl ich). Tho specific 
gravity of the anhydrous salt referred to wator at 17‘6° as unity is 3 079 (Kramers, 

J aliresb. 1867, p. G9). It dissolves easily in water and in alcohol. Tho following taldo 
exhibits the specific gravities and expansions by heat of solutions of various strengths. 
(Kr emers, Jahrcsb. 18.08, 41.) 


Volumes of Aqueous Bromide of Sodium at different temperatures (vol. at 19*5^ *■ 1). 


Quantity of salt in 
100 paita of water 

j 204 

42*6 

G2 3 

8*1 

Specific uravitv of 
soJuti-n at 

| 1*1450 

1-2826 

1 3885 

1*6096 * 

0° 

0*99380 

0*90189 

0*09067 


196 

1-00000 

1-00000 

1 *00000 

1*00000 

40 

1-00862 

1*00080 

1*01032 

1*01076 

60 

1-01868 

1*02S32 

1*02108 

1*02164 

80 

1-03021 

103178 

1*03249 

1*03298 

100 

1*04347 

1*04421 

1*04463 

1*04477 


A saturated aqueous solution boils* at 421°. (Kremers.) 

SODIUM, CRIORXDB OF. NaCL Common salt. Culinary salt , Bock-salt, 
Sea-sal t, formerly called Muriate of Soda. This compound is formed by the direct union 
of its elements, sodium taking fire in chlorine gas. It may likewise be obtained pure 
by neutralising hydrochloric acid with soda or sodic carbonate and evaporating. It 
occurs very abundantly in nature, both in the solid statu, as rock-salt, forming extensive 
beds in rocks of various ages, — and in solution in sea-water, salt-lakes, and. brine- 
springs; in smaller proportion also in river water. 

• Id Europe common salt usually occurs in the ngpr red sandstone, or associated with . 
red marl, but it is not confined to those rocks. *»ln Durham, Northumberland, and 
Leicestershire, salt-springs arise from the carboniferous series ; in the Alps, some salt- 
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, ^om> oolitic rocks : the extensive mines of Cardona in Spain am 
w f$s#$d formation , those of Wieliczka in Poland to tertiary rocks, 
ijfi jftso in volcanic regions. In the United States the brine comes 

^ sandstones. Salt occurs also as efflorescences over the dry 

praiij^jr of mountains and California ; and in most desert, and semi-desert 

regions thercrato numerous suit lakes. 

The principal salt mines of Europe are at Wieliczka in Poland ; at Hall in the 
‘Tytfoirimd along the range through Heichentlml in Bavaria, Hallein in Salzburg, Hal- 
stadfc, [«chl and E ben see in Upper Austria, and A ussee inStyria; at Stassfurth near 
Magdeburg; in Hungary at Marmoros and el so where ; in Transylvania, Wallachia, 
Gallicia and Upper Silesia; at Vic and Drouze in France ; in the valley of Cardona and 
elsewhere in Spain ; at Bex in Switzerland ; at Northwich and elsewhere in Cheshire; 
and near Belfast ia the north of Ireland. At Wieliczka the salt deposit is 600 milos 
long, 20 miles broad, and not less than 1200 feet thick ; at Cardona, the salt forms hills 
300 and 400 feet high. Noar Northwich, the principal deposit of rock-sadt in England,’ 
the mineral occurs in magnesian limestone, in two beds situated one above the other, 
separated by about 30 feet of clay and marl, intersected by small veins of salt, the two 
beds together being about 60 foot thick, 300 yards broad, and a mile and a half long. 

Bock -salt occurs also near lake Oruomiali, the Caspian, &c., forming hills and extended 
plaiiis ; in Algeria abundantly ; in Abyssinia ; in India, in the province of Lahore, and the 
valley of Cash mere ; in Scitule, where there is said to be an immense bod of it, 20 miles 
long, 16 miles broad, and averaging three feet in thickness ; in China and Asiatic Kussia ; 
in Peru an<| other countries of South America. In the United States salt has been 
found forming beds with gypsum in Washington county, Virginia, and in the 
mountains of Oregon. (Dana, ii. 9). 

The mode in which salt is obtained from these deposits depend* very much On the' 
locality, the depth of the deposit, the price of fuel, &e. In some places, as at'$|fieliczka 
and in Cheshire, it is a mining operation and is carried on by mean# ®f and 

horizontal galleries, At Cardona in Spain, where the great body of thefialt forth* a rugged 
precipice 400 to 600 fpjpt high, there is no excavation, but the salt is pi 
working down as in an open quarry. 
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Rock-salt is sometimes so pure and white that it requirertioj 
grinding to convert it into snow-white culinary salt ; this is the c4s||/ 

Cardona, and with some of that occurring in Cheshire and 
frequently,, however, it is coloured red or brown from the admixtiriw jl 
and particularly of the kind of infusoria that ate now found inhabiting ^tlrf&esi litlien 
requires to be purified by solution and rcerystallisation. Frequently Vifeo, instead of 
sinking a shaft to the bed of salt and mining it, the superior strata are. pierced by 
a bore only a few inches in diameter, by which water is admitted to the beid, and the 
brine formed is drawn off by a pump. 

Salt wills or springs , which may be artificially constructed in the ^manner above 
described, arc also frequently found roady formed in nature wherever a spring during 
its course has come in contact with a bed of rock-salt. These however are rarely so 
highly saturated as the artificial wells, although this is actually the case with that of 
Luneburg, which contains 25 per cent, of saline matter ; but tfiey are for the most part, 
only slightly impregnated, or have become weakened by subsequent addition of fresli 
water. This difference in the strength and the composition of the saline constituents 
of salt springs may be seen from the following table (p. 334). 

The water of the stronger springs is at once evaporated by heat to procure the salt, 
and in England and other countries where cheap fuel can be obtained, tho same plan 
is adopted with the weaker springs ; but in Germany, where fuel is scarce and dear, 
the more dilute saline waters cannot be profitably worked in this way. The water is 
therefore first concentrated by a proeeas called graduation , which consists in exposing 
the brine, diffused over a largo surface, to tho air. This is effected by pumping it to 
a height, and then allowing it to trickle slowly ovor larae stacks of faggots, piled iu 
suitable buildings, screened from rain, but freely expo hoc! the prevailing wind. Aflor 
this process baa been repeuted eight or ten times, tho solution acqu ires’ a density of about 
1*40, ancj U sufficiently concentrated to allow the evaporation to be finished by heat. In 
tho fij^^rhpqraAingpan an insolublcduublc sulphate of calcium and sodium indeposilod, 
partly ul timo term of mud or sehtot, as it is called in Germany, partly sb a hard scale, 
wlu$udheres to the bottom of tho pans (Vfannenstdn). A specimen of this pan stone 
ftoit^fichonebeck gave by analysis : % 

tti'Cfc v&'PSO 4 - K*SO«. ChSO*. M*SO«. MgC’O*. . 810*. H=0. 

44*8/ Sfetf 2*13 27-38 1 64 0-4 1 ,, */S|02 S'44 -100 

When tbejliquor reaches a density of 1’236 It is decantpd.inl^ apb^her pan and evapo- 
rated, the {trust# of salts being removed as they form. . '***•* 

The appearance of the salt varies according to the rate at which tho evaporation is 
conducted. When the brine is boilod down rapidly^; f ffirnishe* the mealy fine-grained 
salt used for the table; slower evaporation yiel&tA^b&rd crystallised salt, generally 
used for salting fish. , *■;/ > *> */ - 

Separation ofijfcdt from Sea water . — It is .seldom that artificial evaporation is Uto 
ployed for separmig the salt from sea-water; whefe it. is practised, the^ax^e mqdt 
adopted as withlhft brine springs:; sometimes, #0 in Siberia, frost is made Sub soi0p$Kt 


to tuiB obje 


fcaalt water ^eppqrates on freezing into ice (containing no snip), atld.a 

: W-vV : a*.' . 


Dr.Kane states that if the coid is sufficiently intense, the * 
is obtainedi*Tm melting the, ice ip fit for drinking. This plan is pursuc^i^ . 
Sweden, countries, where the sea- water is frozen in c4aqrw>5n _ 

the concentraU^b^^iiqhor. is bailed down to salt. The salt obtained by thisfllfin, t 
however, is nQfiifr^ a&i thWofiowitig analyses by Hess will prove. L 

V • vr*. k :*» v ;v . 


Constituents. 
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The evaporation of sea-water is effected wholly or partly by the 
And tthvift what arAtermed in some localities Salterns or Brii 
Island, ^^Portimoutii, has been celebrated for many centuries tor 
of m this way during the summer -months, The 

in siarwtt an acre, in which, in fovourabl*; 

becomes brinoS abojj jjifoen days. It is then pumped by 
pits, wlje^ce it sheet-iron pans, and is boiled for 




Analyses of the Salts from Saline and Brine Springs . 
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it in skimmed to remove Lmpttri tiesJ The crystals of salt begin to appear towards the 
encNf the day, and are shovelled out, hot ana wet, into wooden troughs with holes in 
the bottom to allow the titters to run off. ^ Ia 

A somewhat similar. plaiaJa-piirHued at Lmingtoain Hampshire, but the brine is 
there run through a gerieiljgwlterps before It is pumped into the boilmg-pans. The 
drainings from the troughs ®|i on upright strikes of wood, on which stalae title masses 
accumulate in ten or twelve 4hys, weighing from 60 to 80 lbs. ; these masses wo called 
Salt cats . The residual liquor called Hitters, Bittern, or Bithm liquor, is employed in 
the manufacture of the carbonate or sulphate of magnesium. 

For many centuries salt was also obtained from sea- water in the Firth of Forth and 
other places on the east coast of this country, by evaporating it in large shallow iron 
pans, salt works of this kind in former days being given as (donations to abbeys, 

In warmer latitudes, as on the shores of the Mediterranean, the evaporation is 
carried ou entirely under the influence of the sun and air in a series of shallot ponds, 
called salt-gardens, in which the water is spread over a very large surface. As the 
evaporation goes on, salt is deposited in the pools farthest from the sea, while the 
nearer ones are constantly receiving fresh supplies of salt water. 

In the suit works of the Mediterranean, the greater part of the surface is about afoot 
below the main level of the sea. The ponds are divided by small banks of earth two 
feet high and from one to two feet- thick. The salt wator is admitted by a small flood- 
gate and circulates by means of openings in the banks. It enters with a density of 
102ft, and continues to increase in density by evaporation under the influence of the dry 
winds, until it attains a density of 1T43. Its volume is than reduced to one-sixth of 
its first proportions. It now begins to deposit sulphate of calcium, till the density 
reaches 1*210. It is then conveyed by means of pumps, worked by horse or steam 
power, to reservoirs slightly more, elevated, tho bottoms of which are generally composed 
of hard clay well beaten in, where tho precipitation of tho salt takes place. The volume 
is by this time reduced to onc-tenth of its original bulk. From the density of 1*210, 
representing 2fi° on Benumbs hydrometer, up to 1*286, equal to :12° on the same scale, 
the evaporation takes place in tho open air, the liquid constantly depositing chloride of 
sodium almost pure, which goes into tho market wit liout further preparation. In order 
to obtain it care is taken to run off the h’quor marking 32° Ik, which covers tho bed 
of salt aliout two inches thick. It is then collected by means of shovels, and thrown 
into heaps called in the south of Frunco Cana Us, and in Italy Cumuli . It is then 
allowed to drain, after which it is ready for sale. The salt thus obtained is called 
bay-salt. 

The mother-liquor or bittern is used as a source of bromine. It also contains 
considerable quantities of sulphate of sodium, and of the sulphates and chlorides of 
magnesium and potassium. Tho mode of treating it so ns to obtain these salts, espe- 
cially the chloride of potassium, h&B been brought to great perfection by Balard. (Sea 
Potassium- salts, iv. 717, also Sulphates.) 

The following tablo shows the nature and amount of tho impurities in several kinds 
of commercial salt. 


Analyses of Common Salt. 



Sch One- 

Stan. 

Dfirren- 

Liutwifir 

Cbechlre. LymlnR. 

8t Malo. 

8*. Uber. 

Cadis. 


beck. 

forth. 

berg. 

hall. 

tUntd. 

Cal-tatt. 

St a -taU. 

Sea-taU. 

Sea-tait, 

Chloride ci Sodium . 

95*402 

97 094 

96 061 

99 45 

98**250 

98*80 

;r.oo 

89-04 


„ Calcium . 

„ . Magnesium 
Sulphate of Sodiu n . 




. . 

0* 025 





0 0*0 

6*315 

6*213 


0*075 

0-50 

0*30 

2*38 



0390 

. . 

0*0*5 




1-44 

099 

„ Potassium . 

0 114 






trace 

t’WO 

” Calcium . 

0*732 

0 727 

1*277 

*0*28 

. 1*550 

6 10 

2*35* 

098 

0*33 

„ Magnesium 

SlMcate of Sodium . 

0 471 

0 iso 

0-279 

• 


0 50 

0-46 

0-02 

trace 

Nitrate of Sodium 


. . 

• . 

! . . 

. . 


. . 

trace 


Insol. matter, ferric 
oxide, alumina, Ac. 

} : • 

• - 

0*015 

2 156 


- . 

- - 

. • 

0-5-S 

0*27 

Water 

2 601 

1*204 

• ■ 

• * 

• • 

• • 

610 

6*30 


100 000 

© 

| 

100 000 

ioo-oco 

99-900 j 

99*90 

MHO 

100*26 

100*34 


Proper tu'S. — Pure chloride of sodium has an agreeable saline taste. It crystallises 
from aqueous solution by evaporation at ordinary or higher temperatures, in colourless 
transparent cubes, which are anhydrous. Bock-salt is often found crystallised in cubes, 
octahedrons, and intermediate forms, and occasionally in tetrakis-hexahodronB (ii. 127) ; 
it exhibits perfect cubic cleavage. Specific gravity 2*1— 2*67. Hardness ®* 2*6. It 




m soitm; CHLemym- 

. :i. . -M. ¥■*'■'' ■ v, . ^ V 

- often occtui in large crystalline^ transparent^ and eoloudessjnaflse^ possessing perfect 
ditftherm&n cy, that is to say, Jt is "eguodjr pervious ta/hra-rayfl of every degree of 
n&angibilhy (p, 61 ), An aqueous somfm of sodic chloaoe exposed to a tempera- ‘ 
ture of * about — 10° deposita.inpalt in hexagonal plates obtaining NuCl.UH'O ; 
but as the tem perafrira .» jjjiwiupfo ^water of cr v»taf|igAtioir i s expelled, and the 
crvstals fall to pi eceat\afM^SBMM&0i Ur a heap of Wdute cubes. The anhydroi^* 

% a&lt, when rapid! I pnically enclosed water, and consequently 

decrepitates in the rock-salt^ from Wieliczka decrepitate 

when thrown into wator? owing lu MTiscape of condensed gas, consisting, according 
to H. Bose, of CH*. W F 

- Chloride of sodium melts at a red heat, and forms a crystalline mass on cooling. It 
is somewhat less volatile than chloride of potassium, but like that salt, volatilises at a 
low rad heat in open, but not in covered, vessels (H. Rose) ; at a white heat it vola- 
tilises, even in dosed vessels. Heated with potassium, it yields chloride of potassium, 
and metallic sodium (Davy). When heated to redness with silica, it yields silicate of 
sodium and hydrochloric acid gas, the di^fajiiposition taking place rapidly in presence 
of aqueous vapour. With oil of vitriol it gives aulj»hiito of sodium and hydrochloric 
acid gas. According to Berthollet, it also evolves a small quantity of hydrochloric acid 
gas by distillation with oxalic acid, but not with acetic acid. In solution it is decom- 
posed by excess of laud-oxide, into soda and subchloride of lead, l*b*Cl* (Scheele), 
also by nitrate of ammonia. (Kars ton.) 

Anhydrous chloride of sodium dissolves in about 3 pts. of cold water, and is scarcely 
more soluble in boiling water. Fuclis states that 100 pts. of water dissolve 37 pts. of 
it at all temperatures; but, according to Gay-Lussac and PoggiaV, the solubility 
incrousos slightly with rise of temperature, us shown by the following table : 
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Tho specific gravity of the solution increases with its strength as follows (Gerlach, 
Jahresb. 1869, p. 43) : 

8 10 11 20 25 
S Sf,l .“ Ts ? I >»“» >«< ■ 11511 H « I ‘ 2 W 3 

The number 26*395 represents tho quantity of anhydrous sodium-chloride in a saturated 
solution at 16°. For an extended table by Gerlach of the specific gravities of salt- 
solutions of various strengths and at various temperatures from 0° to 100°, nepICfomical 
Technology , vol. i. part 5. See also Sc h iff (Jahresb. 1858, p. 39) ; and W. Schmid.* 
(ibid. 1859, p ; 128). . ' ^ v 

The following determinations of the variations in volume of salt-solutions 
temperatures are by Kremer s (Jahresb. 1857, p. G8) : ^ 


Volumes of Aqueous Chloride of Sodium at different temperatures (voL 

'■">/*£ ■ 


Quantity of salt in 
100 pia. water. 


0*99639 

0- 99783 
1 00000 

1- 00327 
1 00710 
1*00150 
101648 
1*02201 
1*02809 
103466 
1*04179 


0-99475 

0- 99715 

1- 00000 
1 00381 
1 00790 
1*01246 
1*01748 
1 02303 
1*02889 
1 03524 
1-04209 


0*99371 

0 99674 
1*00000 

1 00410 
1*00840 
1*01309 
1*01817 
1*02364 
1*02945 
103560 
1 04217 


0*99644 
1 00000 
1-00435 
1-00878 
101353 
1-01860 
1 02400 
1 02971 
103576 
1*04214 


0*99620 
1-00000 
1 00456 
1 00910 
1-01391 
1-01898 
1 02431 
1*02993 
1*03581 
104211 


0-99604 
1 00000 
1 00464 
100928 
101412 
101919 
1*02454 
103008 
1*03591 
1*04190 
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Lta of the solution Jfsu with the degree of concentration 
-wing tableware ten): — 

20 26 29 ' 

14*42? 17*77° 

107*27° 108*83 


the freeziflg *n£fL 
in the manner shown in 
Per cent, of salt 6 10 

Freezing-point . JpT6° 3*78° 7*44° 

Boiling-point . 100*21° }0\*l 0° 102*38° 

i x For more extended tables rise ChmiicalTfa 
Chlori.do of sodium is precipitated. ft® 1 ?#, 
acid into the liquid till it is Saturated; thfb 4 
for separating the salt from brine-liquor**. Cj 
alcohol, but is taken up in considerable quantity by dilute spirit. 

Chloride of sodium unites wil h other metallic chlorides, forming cry stallisable double 
salts ; these are described with tlie chlorides of the several metals. , 



ting hydrochloric 
aded by Margueritte 
(de of sodium is insoluble in pure 


BODXVMp SET 42CTX01V AND ESTIMATION OT. 1. Blowpipe Re- 

actions.— Sodium-compounds impart an intense yellow colour to the outer blowpipe- 
flame, which qujje conceals the coloration "Jpbducod by any other metal Alconolic 
solutions of sodium-salts burn with u yellow flume. The spectrum of sodium is dis- 
tinguished by a single bright-yellow line, coinciding with the dark solar line I). 

2. Reactions in Solution. — Sodium-salts are even more generally soluble than potas- 
sium-salts. They give no precipitate with platinum-chloride, tar tame acid, or perchloric 
acid , and no crystals of alum with sulphate of aluminium. SUicofluoric acid gives a 
gelatinous precipitate in concentrated solutions. 

Acid metanti mount*' of poiussiu?n (i. 326) gives a white precipitate of metantimonate 
of sodium, flocculent at first if the solution is not very dilute, but soon becoming 
crystalline. It is produced immediately, in solutions containing not less than 1 pt. of 
sodium-salt in 300 pts. of liquid. In more dilute solutions the precipitation is gradual, 
and the metantimonate of sodium is deposited in crystals on the sides of the vessel, 
thu effect being apparent after 12 hours, even in solutions containing not more than 
yrnTii Pt* of sodium-salt. The solution of sodium to bo ti st*il should be neutral or 
slightly alkaline, for freo acid would separate antinionic acid from the reagent. It must 
also bo free from salts of lithium, ammonium, and the earth-metals, all of which, when 
diluted to a certain extent, yield precipitates of similar character. 

3. Estimation and Separation. — Sodium is estimated as sulphate or chloride, in the 
manner already described for potassium (iv. 699). 

Sodium is separated from all the metals of Groups i. and ii. (Analysis, i. 217), by 
sulphydric acid and sulphide of ammonium ; from the alkaline earth-mot als by car- 
bonate of ammonium ; from magnesium by baryta-water ; from potsissium by platinic 
chloride and alcohol; from lithium by the solubility of lithium-chloride in alconol and 
ether. 

The separation of sodium from potassium is best effected when the metals are in the 
form of chlorides. The amount of potassium being determined from the weight of the 
chloroplatinatc, that of sodium may frequently be estimated by difference. To estimate 
tho sodium directly, the filtrate from the potassium-salt must be evaporated to dryness 
at a very gentle heat, and the residue ignited in a platinum crucible till the sodio 
chloroplatinate and the oxcoss of platinic chloride are entirely decomposed ; this decom- 
position is facilitated by adding a few crystals of oxalic acid during the ignition. The 
chloride of sodium thus formed is dissolved out by water, evaporated to dryness, ignited, 
aud^Weightd; Removing tho platinum by sulphydric acid does not give good results 
(H. Rsm).* 1 The indirect method of analysis (i. 224) may also be advantageously 
applied^ in nquiy cases, to the estimation of potassium and sodium when they occur 
together. * 

4. , 'Jfomjp, tV right of Sodium . — Berzelius found that 100 pts. of sodium-chloride, 
Nad/MW by precipitation 244 6 pts. silver-chloride; the atomic weight of sodium 
thefcqr aejucca.,js 23*17. Penny (Phil. Trans. 1839, p. 13), by determining the 
quflhtity of sodift nitrate produced by decomposing a given weight of sodic chloride with 
nitric acid, obtained, os a mean of seven closely-agreeing experiments, Na«r23’0. 

P el o use (Ann. Ch. Pharm.lvi. 202) found, asamcan of three experiments, that 100 pts. 
of silver required for precipitation 64*144 pts. sodium- chloride : whence Na *• 22*97. 
Dumas {ibid, cxiii. 31), as a mean of seven experiments of a similar kind, found 
Na a 23*01 ; and Stas found Na ■» 23*06. The atomic weight of sodium may there- 
fore be takeivoss 23. 

SODIUM, moftlDS OF. N&F. Obtained by saturating hydrofluoric acid 
with carbonate of sodium. It crystallises in white anhydrous cubes or octahedrons, 
soluble in 25 pts. at coldj and not much more soluble ill hot water; the solution attacks 
glass. The fluoride, is insoluble in alcohol. 

Sodio-hvdrm fluoride, NaF.BCF, crystallises by spontaneous evaporation from a sola* 
tion of sodic fluoride supersaturated with hydrofluoric acid, in small ihombohedroas* 
Voi* V. % 
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having the angle of ; the terminal e<iges ® 74° 36', and often united in twins, having 
o£ for the face of junction. (Marignac, Jahresb. 1867, p, 128.) 

A sulpkatojluoride of sodium, NaF.$a*SO\ was found by Marignac (ibid. 1859, 
p. 106) to separate from the mother-liquor obtained in the preparation of sodium-fluoride 
with hydrofluoric acid containing a little sulphuric acid, in small hexagonal plates, 
which could be recry stallised From water without decomposition. 

Fluoride of Sodium md Aluminium. Cryolite, 3NaF.AlF* (i. 159).— This mineral is 
now used for the preparation of sods. 

SODIUM, HYDRATE OF. NuHO or Na 5 0.H 2 0. Caustic Soda, Hydrated 
Oxide of Sodium , Minnd Alkali , Natronhydrat. — This compound is formed when the. 
protoxide or the dioxide of sodium is brought in contact with water, the action being 
attended with rise of temperature, and, in the latter case, with evolution of oxygen. 
It is prepared, like caustic potash, by decomposing sodie carbonate with lime ; 3 pts. of 
crystallised sodic carbonato are dissolved in 15 pts. of boiling water, and a quantity of 
cream of lime, prepared by slaking 1 pt. of lime with 3 pts. of water, is added by small 
portions, the whole boing boiled for some time, and treated as for potash (iv. 700). 
The hydrate thus obtainod may be purified by alcohol. To obtain pure caustic soda , 
without the use of alcohol, Grager (J. pr. Chem. xevi. 165) troatstne carbonate, pre- 
viously purified so far as to retain only a trace of chloride, with carbonate of silver, 
then boils it with calcined marblo, and, lastly, filters the solution through a funnel, the 
throat of which is stopped with lumps of marblo and pulverised marble, previously 
washed with distilled water. 

In preparing caustic soda from t-lio carbonate on the large scale, it is of importance 
to recover all the soda which remains diffused through the lime-mud. In some manu- 
factories the mud is washed repeatedly, and the weak liquors are used either for 
dissolving fresh portions of carbonate, or for diluting the black nsh-liquor ; in other 
works the lime-mud is filtered in the following manner: — A shallow tank of stone or 
flags is so built that the bottom inclines towards one part, from which a pipe leads 
away the filtrato : rows of porous firebricks are sot lengthways, three inches uparfc in 
•tne bottom of tho tank, and upon these are laid in cement porous quarls, which form 
the filtering-bod. The lime-mud is run on to this bed and allowed to filter for some 
time, after which a few inches of water are gently run on to the pasty mass, so as not 
to disturb tho particles. When this is properly managed, tho water forces a strong ley 
out of tho precipitate, without much diminution of its strength. The filtering-bod may 
also be constructed of large stones, gravel, and fine sand. 

Caustic soda is now made in large quantity from black asli-liquors. For this 
purpose the liquors art' concentrated in a fishing or boat-pain 30 feet loug, 8 feet wide, 
and 2J feet deep ait the greatest depth, up to at specific gravity of 140, at a temperature 
of 260° or 270° F,, whilst a little nitrate of sodium is added to oxidise the sulphate of 
sodium in the black ash. Tho separating sallH aro fished out, and the liquor is ruu ' 
into settlors, where more salts deposit during the cooling. The liquor is now run into 
a hemispherical cast-iron pot ( about 5 feet diameter at the top, and 5.J feet deep, in- 
cluding a cast-iron ring about 2£ feet high), and more nitrate of sodium is added. It 
is boiled in this pot from 12 to 24 hours, during which u further deposit of salts takes 
place, which are fished out. The liquor is then transferred into another similar pot, 
called the “ finisher,” and boiled until it contains 60 per cent, of soda, during which 
more nitrate of sudium is added, while a thick scum which forms on the surface is 
skimmed off. When the concentration is complete, the lire is withdrawn, and the melted 
muss allowed to settle, after which it is ruu off into iron casks, or on to plates, to 
solidify. 

Arrott proposes to produce a caustic soda from sulphide of sodium, with the aid of 
the oxides of iron or manganese. Hunt recommends the boiling of the solution of sul- 
phide of sodium with oxido of zinc or black oxide of copper. Gossag© has patented the 
manufacture of caustic soda from silicate of sodium by decomposition with lime, 
and proposes to employ the resulting calcic silicate as manure. Any of the other 
methods described for the preparation of caustic potash may also be applied to soda. 

S' _^ Tar ^ proposes to prepare it from albite, in the same maimer as potash from 
orthoelase, by calcining the mineral with lime and fluor-spar. According to another 
method, patented by Newton, felspar is heaLed with calcic phosphate and lime, all in 
powder, at a low red heat, whereby calcic silicate and alkaline phosphate are produced; 
and when the mass is lixiviated with water, the lime decomposes the alkaline phosphate, 
reproducing calcic phosphate, while the alkali remains in solution. 

Cryolite is now employed as a source of soda on the manufacturing scale in several 
places on the Continent (Copenhagen, Harburg, &c); the old* process was to treat 
the finely-ground cryolite with sulphuric acid, but this plan is now entirely abandoned. 
The cryolite is ground to powder and mixed with lime, and either calcined or boiled 
*ith as much water as will form a milk. The boiling must be continued for several 
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hours. When the mixture has beon calcined, the mass mnst bo exhausted with water, 
The hydrofluoric acid, alumina, and lime form an insoluble compound, while the caustic 
soda remains in solution. The following equation shows the change - 

AIF*.3NaF + 3(VH*0* = 3NaHO + ATTPO* + 3Ca"F*. 

Hydrate of sodium is a white, opaque, brittle substance. Laving a fibrous texture, aud 
specific gravity =■ 2'00 (Dalton). It melts below redness, but is less volatile at 
a red heat than hydrate of potassium. It colours the blowpipe-flame intensely yellow. 

Crystallised Sodic Hydrate.— Sgdu-Iey of specific gravity 13 85, cooled to 0°, yields 
large glassy crystals of a hydrate containing 2NaHO. i ?H-0, or Na*0.8H 5i 0. It melts 
at 3°, forming a liquid of specific gravity 1*40*5; absorbs carbonic acid rapidly from 
the air, water more slowly ; gives off half its water in a Vacuum over oil of vitriol. It 
crystallises also very pure from a solution of caustic soda containing sulphate or chlo- 
ride of sodium (llermes, Pogg. Ann. exix. 170). According to <3-. Rose (Jahresb. 
1863, p. 179 ), the crystals are monociinic, exhibiting the combination oP . ooP. +P. 
— P . ■+• 2Poo . [ 00 P 00 ] ; tabular by predominance of oP. Angle 00 P : oeP(elinod.) 

98°; oP: tho clinodiagonal prismatic edge ■■ 104°; 2Poo ; the same ■** 137°; 
oP : ooP - 98^ (approximately). 

Soda-Icy . — Prepared as above from the carbonate, or by dissolving the solid hydrate 
or anhydrous sodic oxide in water. It is n colourless caustic liquid. A saturated 
solution at common temperatures has a specific gravity of 1500 (Dalton) ; boils at 
130°,. and contains 36*8 per cent, of soda. 100 pts.of water dissolve, at 18°, 60*63 pts. 
of hydrate, or 41*43 pts. of dry soda; at 32°, 72 91 hydrate or 45*72 dry soda ; at 55°, 
100 hydrate* or 03*53 dry soda; at 70°, 116*75 hydrate or 71*98 dry soda; and at $0°, 
127 02 hydrate or 78*3 dry soda (Os a n n) 1 — 


Amount of Anhydrous Soda (Nu 2 0) in a Solution of Caustic Soda, according to 

Tun nermann. 


Specific 

gravity. 

Per cent. 

Specific 

gravity. 

Per cent. 

Specific 
grit* tty. 

Per cent. 

Specific 

gravity. 

Per cent. 

1*4285 

30*220 

1*3198 

22*363 

1*2392 

15*110 

1*1042 

7*263 

1*4193 

29*616 

1*3143 

21 *f 94 

1*2280 

14*50 

1*0948 

6*648 

1*4101 

29*011 

1*3125 

21*758 

1*2178 

13*001 

1*0855 

6044 

1*4011 

28*407 

1*3053 

21*154 

1*2068 

13*297 

1*0764 

5*440 

1*3923 

27*802 

1*2982 

20*650 

1*1948 

12*692 

1*0675 

4*835 

1*3836 

27-200 

1*2912 

19-915 

1*1841 

12088 

1*0587 

4*231 

1-3751 

26*594 

1*2843 

19*341 

1*1734 

11*484 

1*0500 

3*626 

1*3668 

25*989 

1*2775 

18*730 

1*1 G30 

10*879 

1*0414 

3*022 

1*3586 

25*385 

1 2708 

18 132 

1*1528 

10*275 

1*0330 

2*418 

1*3505 

24*780 

1 *2642 

17*528 

1*1428 

9*670 

1*0246 

1*813 

1*3426 

24*176 

1*2578 

16*923 

11330 

9*066 

1*0163 

1*209 

1*3349 

23-572 

1*251$ 

16*579 

1*1233 

8*462 

1*0081 

0*604 

1*3273 

22*967 

1*2453 

15*714 

l*»137 

1 

7*857 

1*0040 

0*302 


(See also Richter’s Tables, Stochionu trie, iii. 332; Dalton’s Elements, ii. 315). 

The reactions of caustic soda arc the same as those of potash, excepting that it 
gives no precipitate with platinic chloride, tartaric acid, or perchloric aciu. It is very 
extensively nsod for making soap, and indeed for alt purposes for which a caustic 
alkali is required, os it is cheaper than pofcjudi, weight for weight, and, moreover, as its 
combining number is less, a smaller quantity suffices to do a given amount of 
work. 

SODXTTM, XODXBE OF* Nal. — This salt is contained in tho mother-liquors of 
kelp. It may be prepared by dissolving iodine in a strong solution of soda, evaporating, 
and slightly calcining the residue to decompose the iodate formed at the same time. 
It crystallises from aqueous solution, at 20° and upwards, in anhydrous cubes ; at lower 
temperatures in hexagonal plates centaining NaI.2H*0. The anhydrous salt melts 
when heated, and volatilises at a higher temperature, giving off part of its iodine. It 
is deliquescent, easily soluble in water and in alcohol ; 100 pts. water at 14° dissolve 
173 pts.of it. The following relations between the specific gravity and strength of 
the aqueous solution have been determined by Kreiners (Jahrcsb. 1868, p. 40), 
the specific gravities being referred to water at 19*5° os unity ; — 

..SKS4SS&: 246 602 794 m# . 149 : 7 

Specific gravity of solution 1*1762 1*3362 1*4962 16659 1*8047 

s 2 
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The following table exhibits the expansion of eolations of sodium-iodide at different 
temperatures (Kremers, Jahresb. 1859, p. 49) : — 

Volumes of Aqueous Sodium-Iodide at different temperatures (vol. at 19*5° ss 1). 


Quantity of Salt In 
100 pU. of Water. 

31 ‘8 

64-fl 

99*9 

138*0 

fipachfo frfcrlty at 

1*2234 

1-4155 

1*5942 

1*7603 

0° 

099272 

0*09030 

0*98934 

098918 

19-5 

1*00000 

1*00000 

1-00000 

1-00000 

40 

1 00942 

1*01104 

1*01169 

1-01179 

60 

1 02021 

1*02264 

1*02366 

1*02382 

80 

1*03257 

1*03514 

1 03614 

1*03621 * 

100 

1*04612 

1*04840 

1*04917 

1*04887 


A saturated aqueous solution of sodium-iodide boils at 141° (Kremers). 

A compound of sodie iodide and todate, 3NaI.2NaIO*.20H 2 O, crystallises in hexa- 
gonal tables, oK . c»R with + R, — £ R, &c. Angle, oR : +R 115° 7'; oB : — A R 
— 133° 10'. (M&rignac, Jahresb. 1857, p. 124.) 


BODSUM, OXXDSB Or. Sodium forms a protoxide and a dioxide. * 

The protoxide, Na f O, or anhydrous soda , is produced, together with the dioxide, 
when sodium bums in the air, and may bo obtained pure by exposing the dioxide to a 
very high temperature, or bv heating sodie hydrate with an equivalent quantity of 
sodium : NalTO + Na =» Na*0 + II. It is a grey mass, having a con choidal fracture, 
melts at a red heat, volatilises with difficulty, is a non-conductor of electricity. Specific 
gravity ™ 2 805 (Karston). 

Dioxide or Peroxide of Sodium, Na 2 0 5 , is obtained by igniting sodium in oxygen- 
gas till its weight becomes constant. It is of a pure white colour, but becomes yellow 
when heated, and whit© again on cooling. When exposed to the air, it slowly deli- 
quesces, and after a while resolidifies as carbonate. On mixing it with water, great 
heat is produced, and a small quantity of gas is evolved (arising from th© local heating 
of the peroxide). A small heap of it, when moistened, becomes yellow with heat, ami 
pives off a considerable quantity of oxygen. If. on the contrary, it bo thrown into water 
in the state of powder by small portions at a time, it dissolves with very little evolu- 
tion of gas, and forms a solution of dioxide. 

A solution of the dioxide evaporated over a water-bath, gives off oxygen slowly at 
first, but rapidly asthe solid residue logins to separate ; but if evaporated slowly over oil 
of vitriol at common temperatures, it yields, without evolution of oxygen, large hexa- 
gonal tabular ciyetals of a hydrate, containing Ka®O a .8IFO. " 

These crystals, when left to effloresce over oil of vitriol for nine days, lost three- 
fourths of their water, and yielded another hydrate containing Nh s O*. 2H ll O. 

Iodine decomposes sodie dioxide, forming an oxy iodide and liberating oxygen: 


Na*0* + I 8 =: Na*rO + 0. 


The dioxide absorbs carbonic oxide, forming sodie carbonate : 

Nu*0* + CO Na*CO*. 

With carbonic anhydride, the same compound is formed, and I at. oxygen set free. 
With nitric oxide it forms sodie nitrite : 


Na a O* + 2NO * 2NaN0*. 

With nitrous oxide the same salt is formed, and 2 at. nitrogon given off: 

Na*0 8 + 2N*0 _ 2NaNO* + N*. 

(A. Vernon Ilarcourt, Chem. Soc, J. xv. 267.) 

.?*T XO *^ :D1 ? ° r - or Nnl.NalO ? — Produced, as above 

mentioned, by the action of iodine on sodie dioxide. It dissolves iu acidulated water 
with separation of iodine: 

Na*I*0 + HC1 - NaHO + NaCl + p. 

lOBtUM, iVini Di, Sodium forms with sulphur a number of com- 

pounds corresponding exactly with the sulpbidee of potassium (iv. 7071 and mnmarad 
in the same manner The protosulphide, Na«S, crystallises in hop ortahrf^^rf 
fcrma a large number of sulphosalts, most of which are cryataUiSle. Hydrate rad 
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carbonate of sodium react with sulphur, both in the wet the 

same manner as hydrate and carbonate of potassium. '*KP*p 

SODIUM, TBLLTTRZBB OF. Analogous to tclluride of potassium. 

BOILS. The term “ soil” is appliod to the upper stratum of the earth** crust, — that 
which is available for the growth of plants. A soil consists of mineral substances 
resulting from the decomposition or weathering of rocks, mixed with organic matter — 
the so-called humous substancis — produced by the decay or putrefaction of plant* 
which have grown upon it, and in cultivated soils, with the various substances, organic 
and inorganic, added in the form of manure. The stratum immediately below the 
cultivable soil, consisting of disintegrated rock, not touched by the spade or plough, 
and reached only by the deeper-rooting plants, is called the M subsoil/ 1 

The soil is the source whence plants derive the whole of their mineral food. AU 
plants require for their nutrition phosphoric acid, sulphuric acid, alkalis, lime, magnesia, 
and iron: many spocies require silica; those which grow on the seashore require 
sodium-salts and metallic iodides. All tlie compounds required for the nutrition of 
plants are, in a certain sense, of equal value : if one of them is wanting in the soil, or 
present only in a form which cannot be taken up by the roots, the plant will not 
dourish. 

The organic constituents of the soil servo as sources of carbonic acid and ammonia. 
The ammonia is produced by the putrefaction of nitrogenous matters— the carbonic 
acid by the oxidating action of air penetrating the soil on the carbon of the humous 
substances. The carbonic acid thus produced not only serves as a source of carbon 
to the growing plant, but likewise assists in the disintegration of the mineral con- 
stituents of the soil, by dissolving the earthy phosphates and decomposing the 
fd spathic minerals. Chloride and nitrate of sodium and nmmoniacal salts likewise 
dissolve the phosphates of calcium and magnesium, and thus contribute to diffuse 
them through the soil. 

It was formerly supposed that the constituents of a soil could not be taken up by 
the roots of plants, unless they were in the state of solution ; but later researches nave 
shown that this is not the case, but that, soils, especially those which contain abundance 
uf decayed vegetable mutter or humus, have the power of absorbing the acids, alkalis, 
and salts which filter through them in the state of solution, and retaining these 
substances in a state of loose combination, in which they are ready to be taken up by 
the mots of plants. 

In 18 If) If. .S. Thomson (Agr. Soc. J. xi. 68) observed that when solutions bf 
sulphate or carbonate of ammonium arc filtered through soils, the first portions of the 
filtrate contain only traces of ammonia, but, in the case of the sulphate, a considerable 
quantity of gypsum. Ruxtahlc, about the same time, found that dunghill water 
filtered through a loamy soil loses its colour and odour. 

These observations wero further extended by Way (Agr. Soc. J. xi. 313), who 
showed that certain constituents of farmyard manure, when brought in contact, in the 
state of solution, with arable soil, lose their solubility, and unite in a peculiar manner 
with the soil. Caustic ammonia, and sulphate, nitrate, and chloride of ammonium, 
treated in aqueous solution, with excess of soil, give up their ammonia to it completely ; 
while the sulphuric, nitric, or hydrochloric acid unites with other bases (generally lime) 
contained in the soil, forming soluble salts which filter through. A similar absorptive 
power is exerted by the part icles of a «oil on potash, whether in the caustic state, or in 
the form of potassic sulphate, nitrate, or chloride. Solutions of sodium and magnosium- 
ealts likewise give up their bases to the soil. Phosphates, however, aro not affected by 
the soil in the same manner as sulphates, nitrates, and chlorides, inasmuch ns from 
solutions of sodic phosphate, or from a solution of gunno-ash in dilute sulphuric acid, 
the phosphoric acid, as well as the base, is withdrawn by the particles of the soil. 
Way likewise found that putrid urine, the retting water of flax, and sewage- water, aro 
deprived by contact with soil, of their ammonia, potash, and phosphoric acid. 

The absorptive power of a soil for potash, ammonia, and phosphoric add can scarcely 
be regarded as a definite chemical action, inasmuch as it is exerted in an equal degree 
foyeoueof the most various composition : a soil abounding in clay, with a small propor- 
tion of lime, possesses it in the same degree as a lime-soil containing a small free por- 
tion of clay ; it is, however, considerably affected by the quantity of homos present in 
the soil. * 

The absorptive power of arable soil depends very much 6n its degree of porosity; a 
dense heavy day-soil and a loose sandy soil possess it in the least degree, and it is 
most strongly exhibited by those soils which have alight porous structure, like wood or 
charcoal ; in fact, it is similar to the surface-attraction exerted by charcoal on colouring* 
matters, the attracted particles not entering into a new chemical combination, but 
retaining their original properties. When a salt, such as sulphate of ammonium 
or potassium, gives up its base to the soil, the add separated therefrom enters into 
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• magnesia contained in the soil. The attractive force of the 

i would probably not be sufficient in itself to separate it 

from the^ulphuric or'nftne acid, but the decomposition takes place when assisted 
ly tlie additional attraction of the lime or magnesia for the sulphuric or nitric acid. 

Absorption of nutriment from the soil is effected by the extremities of the roots, 
which must therefore bo in immediate contact with the nutritive particles, and henco 
the necessity of sufficient porosity in the soil to enable the roots to spread and ramify 
ifl all directions through it. " The effect produced by breaking up the ground with tlio 
plough, spade, hoe, harrow, and roller, depends upon the fact that the roots of plants 
go in search of their food, that the nutritive, substances have no locomotion of their 
own, and cannot of themselves leave the places in which they are. ^ The root, as if it 
bad eyes to see, bends and stretches in the direction of the nutriment ; so that tho 
number, thickness, and direction of its filaments indicate the precise spots where they 
have obtained food." (Liebig, The Natural Lawn of Husbandry t London 1853, 
chapter ii.) 

Analysis of Soils.* — The method at present adopted for the analysis of soils is 
essentially the same as that described by Sprongel and Otto in Sprengel’s “Bodeii- 
kunde; ’’ depending on the principle, that in order to judge of the fertility of a soil, it 
is necessary to determine not only what are its elementary constituents, hut likewise 
the manner in which they are combined. With this view, Sprongel and Otto treated 
a sample of tho soil successively with water, diluto hydrochloric acid, strong sulphuric 
acid, and by fusion with an alkaline carbonate. The constituents of the soil soluble 
in water were supposed to he actually available as plant-food ; . those which were 
soluble in dilute acids as available for tlmt purpose after being subjected to the action 
of carbonic acid and the humous acids of the soil; the rest as available only after 
the soil had been subjected for a considerable time to atmospheric influences, assisted 
by the mechanical operations of tillage. Tin's mode of proceeding was Originally 
based upon the supposition that the constituents of the soil which arc to nourish tho 
plant must be presented to it in the state of solution, a viow which, as already observed, 
can no longer be regarded as correct. Still, as the several constituents must bo 
brought into the state of solution before they can be distributed through the soil, and 
bo taken up by its particles in the state of physical aggregation above described, tho 
separation of the soil into portions soluble in water and acids, and an insoluble portion, 
is still capable of affording useful information as to its nutritive properties. 

a. Constituents soluble in Water. — An average sample of the soil having been obtained, 
and freed from stones and the coarsest particles by sifting, the original plan was to 
heat a considerable quantity of it (1000 to 2000 grms.) with water nearly to the boiling- 
point, then Alter; wash the residue as completely as possible with hot water; evaporate 
the entiro liquid to about the volume of the water first employed; filter again to 
separate any deposit that may have formed ; then determine the volume of the filtrate ; 
and otnploy measured quantities of it fur estimating the several constituents. 

The total amount of the constituents soluble in water is obtained by evaporating 
a measured quantity of the Solution to dryness, and weighing the residue when it no 
longer loses weight at 100°. The dry residue is then gently ignited for some timo in 
contact with the air, and weighed after drying over oil of vitriol, the loss of weight 
thus determined being reckoned as organic matter, nitric acid, and ammonia, 
supposing the presence of tho two latter substances to have been previously ascertained 
by qualitative analysis. The ignited residue ih then treated with hydrochloric acid, 
ami evaporated to dryness; the remaining substance is exhausted with dilute hydro- 
chloric arid, and the undissolvcd silica separated by filtration. 

The filtrate is next treated with chlorine-water, and ammonia is added, whereby a 
precipitate is formed containing alumina, ferric oxide, manganic oxide, and 
phosphoric acid, together with a portion of the lime and magnesia, in case the 
quantity of phosphoric acid is considerable. This precipitate is collected and weighed, 
and its several constituents are separated and estimated in the manner already 
described with reference to the ash of organic bodies (i. 419). If its quantity is too 
small for the estimation of all the constituents, the phosphoric acid should at jUftA be 
determined. - 

The filtrate from the last-mentioned precipitate is mixed with oxalate of am^fibnitim 
to separate lime* If this base is present, the solution cannot contain any more 
phosphoric acid ; it is then to be filtered and evaporated, the residue ignited 10 expel 
ammoniac a! salts, then dissolved in water, and treated by the usual methods lor 
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separating the 'magnesia, potash, and soda. If, on the other hand, the alkaline 
earths hare been wholly precipitated, togothor with phosphoric acid, in the liquid 
filtered from the silica, phosphoric acid nmy atiil be present in the filtrate containing 
the alkalis. In that case the phosphoric acid may bo separated hv methods already 
described (it. 549.). J 

Separate quantities of the aqueous extract of the soil are used for estimating eul- 
ph uric acid by chloride of barium, and chlorine by nitrate of silver. Cftrbouic 
acid, if present, is estimated iu a portion of the extract evaporated to a small bulk, 
by the method given under Alkawmktky (i. 119). 

It is evident, however, that an aqueous extract prepared as above, by boiling with 
distilled water, cannot afford an exact representation of that solution which is actually 
formed in the soil by rain-water, under the varying atmospheric conditions to which 
tiie soil is exposed in the course of a season. To obtain such a solution, nn instrument 
called a “lysimoter” is employed, consisting of a square box, usually made of zinc^ 
open at top, closed at bottom, and having an internal area of exactly one square foot. 
At tile depth of six inches from the upper edge is placed a perforated bottom; the 
space above this is filled with earth, and the box is sunk in the ground to the level of 
the upper edge. All rain-water which falls on this square foot of surface must, there- 
fore, either evaporate or filter through the six-inch layer of soil and collect in the box 
below. The instrument, is taken up and emptied every tlireo months, or ofteuer if the 
amount of ruin is greater than usual. 

The following table contains the results of several analyses by Zoller of drainage- 
water collected in tho lysimeter : — 1, From manured limo~eoil with vegetation. — 
2. Rough clay-soil with vegetation. — 3. Rough clay -soil without vegetation.-— 
4, Manured clay-soil without vegetation. — 5. Manured clay -soil with vegetation 


Lysimeter Waters, according to Zoller. 


A million part* of water 
contain : 

j » 

a 

3 

4 

3 

Solid residue at 160° . 

472-32 

254 04 

292 64 

305-20 

291*50 

Ash therein 

317*62 

176-74 

194-78 

214-50 

21216 

Potash . . . 

6-50 

2-37 

203 

5-46 

3-82 

Soda .... 

7-11 

6-GO 

7'43 

23-74 

6*02 

Lime. 

145-86 

57GO 

70 80 

68-41 

92*34 

Magnesia . 

2062 

880 

1-32 

2-93 

612 

Ferric oxide . . * 

1-32 

0-35 

8-20 

5*76 

4-30 

Chlorine . 

57 49 

9*52 

20-87 

39-46 

35-27 

Phosphoric anhydride 
Sulphuric „ 

2 23 
1747 

l 

27b3 

27-82 

29*30 

33*49 

Silicic ,, 

10-46 

11-35 

17*46 

9-50 

0-34 


j3. Estimation of the constituents soluble in dilute Hydrochloric Acid . — This is the 
most important part of a soil-analysis, inasmuch us it shows the total amount of those 
constituents of the soil w'hich are readily available as plant-food. It was formerly 
made on the residue loft after exhausting the soil with boiling water; but as this rootle 
of extraction is no longer regarded as of much importance, it is now more generally 
made upon the soil in its original state, after mechanical separation of the stones and 
coarser particles. 

A quantity of the soil (50 to 100 gnus.) is mixed with water to a thin paste in a 
flask, and hydrochloric acid is gradually added, as luug as any effervescence is thereby 
produced’; the whole is then warmed for a time, with frequent agitation, then filtered, 
and tho insoluble residue thoroughly washed. The filtered solution is evaporated to 
dryness, after addition of a little nitric acid; the silica is separated by filtration and 
neighed; and the filtrate is divided into several portions, which are measured or 
weighed, and used for tho estimation (1) of sulphuric acid; (2), of phosphoric 
acid, alumina, ferric oxide, manganous oxide, lime, and magnesia; 13), of 
the alkalis. A separate portion serves for the estimation of carbonic acid, and 
another for that of ferrous oxide, supposing this oxide to bo present in the soil 
together with ferric oxide. For this latter purpose, Fresenius adopts Murgucritto’s 
method with potassic permanganate (i, 263 ; iv. 384), which, however, is not applicable 
when organic matter is prose ut In this case it is best to digest the soil with hydro* 
chloric acid in an atmosphere of carbonic anhydride, then nearly neutralise the free 
acid with sodium-carbonste, and add levigated barium-carbonate m excess, which will 
throw down the whole of the ferric oxide, leaving the ferrous oxide in solution. The 
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liquid is then filtered in an atmosphere of carbonic anhydride ; and the iron in the filtrate 

10 brought to tho state of ferric oxide by chlorine- water or nitric acid, and precipitated 
in that form by ammonia. 

y. Portion insoluble in dilute Hydrochloric Acid.— Thin portion of the soil generally 
consists of clay and sand, mixed with other minerals. By heating a portion of it 
(5 to lOgrms.) with several times its weight of strong sulphuric acid, till the greater 
part of that acid ifi volatilised, the clay is decomposed, the other constituents remaining 
for the most part unaltered. The whole is left to cool, the nearly dry residue is 
treated with dilute hydrochloric acid, and the bases are determined in the filtered 
solution in the way already indicated (13). From the un dissolved residue, the 
pulverulent silica separated from the clay may be dissolved out, though with consider- 
able difficulty, by repeated boiling with strong solutions of sodic carbonate. There 
then remains a mixture of sand and other minerals not decomposable by oil of vitriol, 
tlie nature of which may generally be determined with sufficient accuracy by the 
microscope. 

3. Estimation of Organic Matter .— The total quantity of organic matter in £ soil, 
oonsistingof remains of plants and products of decay (the so-called humous substances), 
may bo roughly estimated from the loss of weight which the dried soil undergoes when 
exposed to a low red heat not strong enough to decompose the earthy carbonates. 
Many soils, however, especially those containing clay, give lip a certain portion of 
water only at a red heat ; moreover, ammonia and nitric acid may be included in the loss 
of weight obtained on ignition. Honce it is better to determine the amount of carbon 
in the soil by combustion with oxido of copper, deducting from the amount of carbonic 
anhydridethusobtained that which exists in the soil in the form of carbonates, ormaking 
the combustion on a portion previously freed from carbonates by treatment with dilute 
acid. Another method is to digest 5 grins, of the soil with 2 0 e. c. water and 15 c. c. 

011 of vitriol, allow the disengaged carbonic anhydride to escape, then add 5 grins, of 
acid potass ic chromate, heat the liquid, and collect the carbonic anhydride thereby 
evolved. (Wolff.) 

t. Estimation of Nitrogen . — The entire quantity of nitrogen existing in a soil, in tho 
form of ammonia, of nitric acid, and of organic compounds, may be estimated by com- 
bustion w.th oxido of copper, as in D u m a s ’ s method (i. 242). To determine the n i trie 
acid, Wolff exhausts 500 grins, of the soil with cold water; evaporates the filtrate to 
30 c. c. ; mixes it with a little potash-ley, and boils till ammonia is no longer evolved ; 
then reduces the nitric acid in tlie residual solution with zinc; and estimates it in the 
form of ammonia (iv. 88, 89). 

No exact method has yet been discovered of determining the quantity of ammonia 
existing in a soil. W. Mayer found that even when ammonia was added to a soil, it 
could not be recovered with certainty by boiling with soda-ley. 

The following tables exhibit the proportions of carbon and nitrogen found in several 
soils : — 



Scotch wheat-coils (Anderson). 

1 

( 

\l 1 1 1 h n u a c 1) ). 


Upper soil. 

Subsoil. 


Carbon 
per cent. 

Nitrogen 
per cent. 


Crrbon 
per cent. 

Nitrogen 

per cent. 

Carbon 
per cent. 

Nitrogen 
per cent. 

1 

1*415 

0107 

Mid-Lothian . 

4*510 

0*220 

1*306 

0*973 

2 

1*148 

0*115 

East, Lothian , 

1*981 

0*130 

1*563 

0*150 

3 

1-537 

0*126 

Perthshire . . 

2*550 

0*210 

2*030 

0*170 

4 

6 

2*163 

1*390 

0*113 

0*089 

Morayshire 

0*714 

0*074 

0*390 

0*048 


Russian Black Earth from the Government of Tambow (Petzoldt). 

In 100 pts. of Earth dried at 115° — 120°. 

Los* by Ignition. Nitrogen. 

Manured amble soil 18*18 0*17 

Unmanured subsoil 9*48 0*33 

Unmanured arable soil 8*28 0*30 

fOZMOITZTa. 6yn. with Cobuxdum. 

SOlAMlOUrB* C w H 7 *N*0 (?). — A base produced by the action of hydrochloric 
acid on solanine. A solution of solanine in cold concentrated hydrochloric acid 
assumes at. first a reddish or violet, then a yellow colour, and afterwards yields a red- 
brown precipitate containing the hydrochlorates of two new bases sparingly soluble in 
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alcohol. From the alcoholic solution of the precipitate, ammonia throws down a yellow 
gelatinous mass, which, after treatment with hot alcohol (to remove solanine and 
Folan Kline), is resolved, by repeated digestion, with ether, into a base soluble with yellow 
colour, and another nearly insolublo in ether. 

The soluble base appears to bo impure solanidine. Tho other, solanicine, which 
dissolves only in 2,000 pts. of ether, and is very slightly soluble also in water and in 
alcohol, may be obtained by slow evaporation of its ethereal solution, in slender 
needles or crystalline flocks. It melts, with decomposition, above 250° ; is coloured 
red by concentrated acids ; and forms amorphous, yellow, nearly neutral salts, easily 
soluble in water and in alcohol, but insoluble in ether. The deep yellow solutions 
have an astringent bitter taste, and are precipitated by concentrated hydrochloric 
acid. The hydrochl orate has tho composition C 40 H ,8 N 2 O.2HCl ; the chloroplatinate is 
C“H ,B N a 0.2HCl.Pt lv Cl'. (Z wengcr and Kind. Ann. Ch. Phann. cxxiii. 341.) 

Solanicine gives by analysis (mean) 83*01 per cent. C, 10*83 H, 3*87 N, and 2*29 O, 
agreeing nearly with tho formula C^H^jS^O, which requires 83*10 C, 10*80 H, 3*88 N, 
and 2*22 O. If it contained 2 at. hydrogen more, or if solanidine contained 2 at. hydro- 
gen less, it might be supposed to be formed from solanidine by abstraction of IPO; but 
neithor of these suppositions agrees well with the analytical results. The formulse of 
solanine and all its derivatives require further investigation. 

SOLANIDINE. 0’*II ,, NO (?). — A baso produced, together with glucose, by the 
action of acids on solanine. It was discovered about the same time by /.wenger and 
Kind (Ann. Ch. Phann. cix. 214), and by O. G mol in (ibid, cx. 167), tho latter of 
whom regards it :ts non-nitrogenous (p. 346). It is best prepared by boiling solanine 
with dilute hydrochloric acid, washing the precipitated hydrochlorute of solanidine with 
water, recrystallising it from alcohol mixed with ether, precipitating the alcoholic 
solution by ammonia, and m rystallising the precipitated base, first from alcohol, then, 
from ether, (/we n ger and K i n d. > 

Solanidine dissolves easily in alcohol and in ether, but is nearly insolublo in water. 
It crystallises from alcohol in l«>ng colourless silky needles, from ether in thicker 
crystals, exhibiting, when magnified, the form of four-sided orisons. Th© solutions have 
a bitter somewhat astringent, taste (Z wenger and Kind). Tho alcoholic solution 
gives a yellowish-brown precipitate with iodine (J\ romtiyer). When quickly heated 
it melts above 200°, and sublimes almost without decomposition ; when slowly heated, 
it decomposes more easily. From the solutions of its salts it is precipitated by ammonia, 
or the fixed alkalis, in the amorphous state. It is not decomposes! by boiling potash- 
lev, and does not reduce chloride of gold, nitrate of silver, or an alkaline cupric solution. 
'With moderately strong sulphuric arid, it gradually forms a dark-red solution, con- 
taining two new bases preeipitable by water. With more dilute sulphuric acid, espe- 
cially on addition of alcohol, it exhibits (like solanine) a transient bluish-red colouring, 
by which small quantities of it may be recognised. 

Zwcnger aud Kind found in solanidine (mean of threo analyses), 80*02 per cent, 
earbou, 11*15 hydrogen, .3*79 nitrogen, and 4*10 oxygen. Tho formula C as lI <l NO 
requires 80*87 carbon, 11*05 hydrogen, 3*77 nitrogen, and 4*31 oxygen. 

Salt s of Solan i dine. — Solanidine has a somewhat stronger alkaline reaction than 
solanine, and forms both neutral and acid salts, mostly orystallisablc, bitter, sparingly* 
soluble in water and in acids. — The hgdrmhlorate, C* a ll <4 NO.H Cl, deposited from the 
solution of the base in alcohol containing hydrochloric ackl, and recrystallisod by slow 
evaporation from alcohol, forms rhombic prisms with end-faces; slightly soluble in 
water and in hydrochloric acid, easily in alcohol, and volatilising without decomposition 
when heated. — The chloroplatinute , 2C' i4 H 4 *N0.2H01.Pt lv Cl\ separates itt yellow itfh 
flocks, when a solution of solanidine in alcohol containing hydrochloric ackL ii mixed 
with platinic chloride and poured into cold water.— The nitrate, prcparedlike the 
hydrochlorate, crystallises in tufts of needles. — The snip hate is easily soluble in alcohol, 
less easily in water, and se parates partly in slender needles, partly as an amor phous 
powder, apparently a mixture of the neutral and acid sulphates. (Zwenger and 
Kind.) _ » 

SOLANINE. C 4 *II 7, NO ,# (?). — An organic base discovered in 1820 byDesfosses 
(J. Pharui. ri. 374), in the berries of the black nightshade (Solanum nigrum), and sub- 
sequently obtained from several other species of solanum ; e. g t , from the berries of 
Sotanum vtrhaeci folium, from the berries and (in small quantity) from the tubers and 
green parts of the potato (& tufxrosum), but especially in the flowers, stalks, and 
berries of the woody nightshade (8. Dulcamara ), and in the shoots or genus which 
potatoes throw out when kept in cellars during winter (0*068 per Cent: according to 
J. Wolff and Blanchet). Solanine has been investigated by De sfosses (loe, cit,), 
by Payen and Cheval tier (J.chhn. mid. i. 617), O. Henry (J. Phann. xviii. 661 ; 
xx. 64), Otto (Aon. Ch. Pharm. vii. 150, xxvi 282), and others, and more recently by 
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Moitissier (ibid. i. 368), Zwenger and Kind (ibid. cix. 24 4; cxviii. 129)/ and 
0. Gmelin (ibid. cx. 167). The results of these several investigations exhibit many 
points of difference, possibly because the crystallf sable bases obtained from different 
species of solan um are not really identical, or because many of the products examined 
wore impure. 

Preparation. — i. From Potato-shoots. — The fresh shoots are boiled in water slightly 
acidulated with sulphuric acid ; the rapidly expressed liquid is precipitated, while still 
warm, by ammonia ; the dried precipitate is exhausted with boiling alcohol; and the 
so h mine, which separates almost completely on cooling, is several times crystallised 
from alcohol, till it dissolves in hydrochloric acid without turbidity. Fresh rather 
short potato-shoots, not too much developed, yield the largest quantity (Re u berg, 
Ann. Ch. Pluirru. xxx. 225. — Zwenger and Kind). — As solanine is easily resolved, by 
boating with acids, into soLinidino and sugar, earo must be taken not to use the acid too 
stum g or in too large quantity. Acetic acid, which does not decompose solan Inc, would 
perhaps bo bettor adapted for the preparation than sulphuric or hydrochloric acid. 
According to Kromayer (Arch. Pharm. [2], cxvi. 114; Jahresb. 1863, p. 450), 
solanine i« most easily obtained by precipitating the expressed juice of the potato- 
germs with lime, without using acid, and exhausting the precipitate with alcohol. 

2. From Potato- tuher a . — The potatoes rubbed to a pulp are digested in water con- 
taining sulphuric acid; the filtrate is boiled to separate albumin; the liquid again 
filtered, and precipitated with milk of lime; and the precipitate treated with alcohol. 

3. From the borries of Solan urn nigrum , &c. — The ripe berries arc pressed; tho 
juice is precipitated by ammonia, and the grey pulverulent preeipitato is purified by 
recrystalli sation from alcohol, with aid of animal charcoal. — Peschier dissolves the 
impure precipitate in acetic acid, precipitates the filtrate with ammonia, and then treats 
it with boiling alcohol. — Payen and Chovallier exhausted the dried borries of Solatium 
wrUtucifo! iii'U with alcohol, treated tho extract which remained on evaporation with 
wafer, and precipitated tho aqueous solution with magnesia, wheroby impure solunino 
wus obtained. 

Prtpertks . — Solanine (from potato -shoots) is slightly soluble in cold, easily in 
hot alcohol, and crystallises therefrom in slender silky needles, which under the 
microscope present tho appearance right-angled four-sided prisms. It is nearly 
insoluble in water .and in ether. From its solution in acids, it is completely separated 
by ulkalis as a white gelatinous precipitate. It has a slightly bitter and somewhat 
burning taste, and faint alkaline reaction. It is very poisonous, two or three grains 
being sufficient to kill a rabbit in a few hours, — first, however, producing paralysis of the 
hinder extremities. The same symptom has been observed in oxen after eating potato- 
shoots. It melts at about 235° to a yellowish liquid, solidifying to an amorphous 
mass. At a stronger heat, it epiita the odour of burnt sugar (Zwenger and Kind). 
When a very small quantity of it, in the state of fine powder, is heated on a piece of 
platinum-luil having in the middle a hemispherical depression covered with a small 
watch-glass, it sublimes in a network of slender needles. (H el wig, Anal. Zeitschr. 
iii. 43.) 

The analyses of solanine by different chemists exhibit great diversity, as the folio wing 
table will show : — 

From Solatium Dulcamara. From Poiato-»hoot*. 



ilenry. 

Moitissier. 

Blanch et. 

O. Gmelln* 

Zwenger ti. Kind' 

Carbon . 

750 

60*9 

62*0 

62*2 

6001 

Hydrogen 

9*1 

8*7 

8*9 

8*7 

8*40 

Nitrogen 

31 

3*6 

1*6 


1*37 

Oxygen 

12*8 

26*8 

27*5 

29*1 

30*22 


1000 

100*0 

100*0 

100*0 

100*00 


Henry’s analysis, which differs widely from ail the rest, may be represented by the 
formula Blanchet’s by C to H !r NO K or C^H^NO 15 . Moitissier deduces 

from his own analysis the formula C* 2 £T a NO'* or C 3l H 2& N0 7 . Zwenger and Kind's 
results may be represented by the formula C rt H 71 NO lf , requiring 60*21 per cent. Carbon, 
8*28 hydrogen, 163 nitrogen, and 20*88 oxygen.* 0. Graelin found variable quantities 
of nitrogen in solanine, and is of opinion that the pure substance is free from nitrogen: 
he deduces from his analyses the formula C 44 H ra O ,a . But the basic character of 
solanine renders it most probable that it contains nitrogen. 

Decompositions.-—!. Solanine, subjected to diy distillation, yields solanidine together 


* * ol * n , 1u * the formula C*H7°PO**, tor loUakMue and for 

■nlanlclne CMJPW0 .the i Bret two of which ere inadmissible, because the tarn or the hydrogen- end 
itltroMn-«tomi h) eeehefthMn is uneven. Moreover, they do not represent the numbers obtained bjr 
SAalysi* tor solanine and soUnitlme so closely « the formulae C^Hi'KO>' and 



SOLANINE. 347 

with acid empyTeurantic products, ~2. It is not decomposed by boiling potash-ley. 

3. It reduces, when heated, a solution of argentic nitrate or auric chloride, but not ou 
alkaline cupric solution. 

4. Solanine, wanned or boiled with dilute sulphuric or hydrochloric acid , easily splits 
up into solanidine and glucose, the sulphate or hydrochlorate of Rolanidino separating 
in the crystalline form, wliiio the sugar remains dissolved. The decomposition is 
likewise produced by oxalic, but not by acetic acid. According to Zwenger and Kind, 
the reaction is : 

C 4 *H 7, NO ,a + 3H*0 « C 24 H 4, NO + 3C # H 1 *0 B . 

Sulauine. Solanidine. 

According to O. Ghnelin it is : 

C 44 H”0'* + 3H J 0 + O’ - C ! »H ,s O* + 3C*H'*0\ 

Solanine. Solanidine. 

The absorption of oxygen here supposed is, however, contrary to the analogy of all 
reactions of this kind. W. Delf fs (Chow. Centr, 1859, p. 800) remarks that Amelin’ s 
analysis of solanine may represented by the formula C 20 H aie O 7 , and his analysis of 
solanidine (81*9 and 82*9 percent. C, and 10*6 to 10*8 II), by the formula C 14 !! 8 ^, 
according to which the reaction would be : 

c *oji. 2 0 » « C l, ll Z0 O + C 6 H 12 0 8 , 

If this formula were correct, solanine (or rather solemn) would be a glueoside homo- 
logous with aescul in, C'WO 7 , urbulin, C ,2 II 1U 0 7 , salicin, C ,J H 18 0 7 , sencgin, C N H iIi O a , 
and perhaps smilacin, 0 a, H 84 0 7 . lint, ns already' observed, it is moro probable flint 
solanine and solanidine contain nitrogen. 

5. A cold -prepared solution of solanine in more concentrated sulphuric or hydro - 
chloric acid, deposits on standing a bulky yellowish precipitate containing the salts 
of solanicine and another base (p. 315), formed from solanidine by the action of the 
strong acid. (Zwenger and Kind.) 

6. With strong nitric add, solanine forms a colourless solution, which exhibits after 
awhile a transient red colour, and ultimately deposits a brown resin. (Zwongor 
and Kind.) 

7. iSolanino quickly absorbs vapour of iodine, forming indosolanine, which is brown, 
permanent in the air, and dissolves with brown colour in water. An aqueous solution 
of sulphate of solaiiinc likewise assumes a dark-brown colour on addition of aqueous 
iodine. According to Kromayer, an alcoholic solution of solanine mixed with a largo 
quantity of iodine-water, turns red-brown but remains clear, whereas a solution of 
solanidine similarly treated yields a yellow-brown pneipitate. 

8. According to Moitissier, solanine (from So’ an inn Dulcamara ), heated in a scaled 
tube with if hylic iodide, yields hydriodnte of ethyl solanine, from which the base 
[C 41 H s *(0*H A )NO 7 , according to Moitissior’s formula of solanine] is separated by 
ammonia as a mass of interlaced microscopic needles soluble in alcohol. Its salts are 
easily soluble, gummy, and poisonous. In like manner amylic iodide converts solitnino 
into amylsolanine, and ethylsolnnine into eth^n-amylsolaninc. According 
to O. Gmelin, on the other hand, solanino (from potato-shoots) does not form any sub- 
stitution-compound with ethylic iodide, even when the two are boated together for along 
time, the resulting resinous mass, when dissolved in water and' treated with ammonia, 
yielding nothing but solanine. Moilissier found, in his ethyJsolanino, 62*2 per cent, 
carbon and 8*8 hydrogen, which agreeB exactly with Gindin's analysis of solanine itself. 

Salts of Solanine.— Solanine forms both acid and neutral salts, all of which are 
easily soluble in water. The neutral salts have a faint acid reaction, and bitter, 
strongly burning taste; they dissolve easily in alcohol, remaining as gelatinous masses 
on evaporation, and are nearly insoluble in ether. The dilute aqueous solutions of 
solan ine-salts, excepting the acid sulphate, gradually decompose, moro quickly when 
heated, and deposit solanine. (Baumann, Arch. Pharm. xxxiv. 23. — Zwonger 
and Kind.) 

Anc&ate of solanine cannot be obtained in the solid state without decomposition 
(Zwenger and Kind). — The chromate crystallises in dark-yellow needles. — The 
goUate is a soluble amorphous mass. — The ya/dt annate crystallises in needles, slightly 
•tfiible in cold, easily in hot water. (Baumann.) 

The hydrochloratc, C 47 H n NO‘*.HCl, is obtained by dissolving the base in alcohol 
and hydrochloric acid, and repeated precipitation with ether, as a gelatinous pre- 
cipitate, which dries up to a gummy mass. The alcoholic solution of this salt mixed 
Wlt ^ 1 ail d then with ether, deposits the chloroplatinate, 2C 4, H ,, NO’ 8 . 

ft yellow flocculent precipitate, which may be purified by repeated 
solution in alcohoi and precipitation with ether. It is soluble in not water, still more 
soluble in alcohol. (Zwenger and Kind.) 
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The hydroferrocyan ate is* precipitated in white flocks on mixing a solution of any 
solanin e-salt with ferrocyanide of potassium, — The mdlitate is soluble in water, the 
neutral solution depositing eolanine when evaporated. — The mucate crystallises in 
slender easily soluble needles, (Baumann, Arch. Pharm. xxxiii. 23.) 

The oxalate, 2C 41 H 7, N0 1B : C 3 H 4 0'.H :: 0 1 is obtained by evaporating a solution of 
eolanine in aqueous oxalic acid, in white crystalline crusts mixed with amorphous salt,: 
its aqueous solution deposits solanine when boiled. It gives oflf its water at 100°, 
(Zwenger and Kind.) 

The phosphate is obtained by precipitation as a white crystalline powder. — The 
succinate crystallises in easily soluble slender needles. 

SOlAirolBIC and SOLANOSTSARZC ACIDS* See Potato-fat (iv. 723). 

SOKAmrw. The most important plant belonging to this genna is the potato 
( Solanum tuberosum, iv. 720). 

Bo! mum Dulcamara. —The stalks of this plant, which are used in medicine under 
the name of bitter-sweet* or Btipites Dulcamara, contain pier ogly cion or dulca- 
marin (iv. 642), together with solanine and other substances. 

Solanum Lycope rstcan .—The leaves of this plant are said to contain an alkal oid 
soluble in water. The deep red somewhnt acid fruits, called love-apples or toma- 
toes, contain a free acid— malic acid according to former statements, citric acid 
according to Bertugni ni (Jahresb. I860, p. 562); probably also solanine, together 
with volatile oil, uncrystallisable sugar, &c. (See En z, Jahresb. 1862, p. 614.) 

Various other species of solanum, especially the fruits, are said to contain solanine 
together with malic acid (?): e.g,, S. mammosum, S. nigrum , and 8 . verba seif Mum. 

IOIAS OIL, A name applied in commerce chiefly to the heavier portions of 
petroleum and shale-oil, the lighter portions being called photogen , hydrocarbon , &c. 
(See Paraffin, iv. 346.) * 

BOLIATAEAS, Craters of extinct volcanos, which give indications of their 
former activity by still emitting vapours and gases of various kinds, sometimes 
depositing sulphur, sal-ammoniac, and other solid minerals, on the walls of cavities 
in the craters. 

0OLFATAJBZTE. The name given by Shepard (Sill. Am. J. xvi. 203) to floda- 
alum, on account of its occurrence in the solfatara near Naples, 

SODUTXOlf. The liquefaction of a solid or gaseous body by contact with a liquid, 
the solid or gas being diffused uniformly through the liquid, and not separating when 
left lit rest. The liquid, which thus takes up or absorbs a solid or gas, is called the 
solvent or menstruum; and the product of the action, as well as the action itself, 
is called a solution. 

The product formed by the union of liquids one with the other is usually called a 
mixture, if the two liquids are capable of uniting in any proportions whatever, as is 
the case with water and alcohol, or alcohol and ether ; and a solution, when each of 
the liquids is capable of taking^ip only a limited quantity of the other. When two 
such liquids are. brought together in such proportion that neither can dissolve com- 
pletely in the other, two layers are generally formed, each containing an excess oi one ot 
the liquids. Thus, when water and ether aro mixed in equal volumes, two layers are 
formed after a while, the upper consisting of ether holding water m solution, the lower 
of a solution of ether in water. 

Tho solution of gases in liquids has already been considered nnder Gases, Absorp- 
tion of, ii. 790 ; the present article relates to the solution of solids. 

Respecting the difference between solution and definite chemical combination, see 

Chkmxcal Affinity (i. 861). ... , . . . 

The solution of a solid in a liquid is usually attended with a fall of temperature, 
arising from the conversion of sensible into latent heat, which always accompanies the 
passage of a body from the solid to the liquid state (Heat, iii. 79). In * omo 
however, the actual solution of a solid is preceded by the formation of a definite 
chemical compound, and is then attended with rise of temperature: thus, anhydrous 
baryta or lime, and many anhydrous salts, when brought in contact with a cert * in 
quantity of water, are first converted into definite hydrates, and become very hot; but 
the subsequent solution of these hydrates in a larger quantity of water is attended tljw 
reduction of temperature. The solution of on e. liquid in another takes place without 
change of temperature, excepting when a definite compound is first formed, as Wl 
mixing oil of vitriol with water, in which case heat is evolved, (See HaA T, m. 7 0, Iff V 
also GtneUn’s Handbook , ii. 69.— Favre and Silbera ann, Compt reQsnW- kOOTj 
Jahresb. 1847-48, p. 53.— Favre, Compt. rend. 1. 1160; lii. 3 16 ; .J%h»SSb. 1 860, 
p. 33. — Pohl, J. pr* Chem. lxxxii, 264 ; Jahresb. 1860, p. 36. — Han smAnn, Jahresb. 
1864, p. 97V— -On the depression of temperature consequent on the dilution of saline 
solutions, see J. Regnauld (Instit. 1864, p. 168; Jahresb. 1864, p. 99). 
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The manner in which the solubility of a solid in a liquid is related to the chemical 
composition of the two, has not yet been reduced to any definite laws. As a general rule, 
it may perhaps he stated that solids dissolve with the greatest facility in those liquids 
which they most resemble in composition. Thus, metallic salts are for the most part 
more soluble in water than in alcohol or ether; whereas fats, mins, and many other 
organic bodies, dissolve more easily in alcohol, ether, benzene, oils, &c. than in water. 
But solids of strictly analogous constitution dissolve in the saino liquid with very 
different degrees of facility. Thus, sulphuric acid forms a great number of salts which 
are soluble in water, and, on the other hand, baryta, lime, and magnesia form soluble 
salts with many acids ; but barytic sulphate is one of the least sofublo salts known, 
and calcic sulphate is but slightly soluble in water, whereas magnesic sulphate is 
very soluble. 

The facility with which a solid dissolves in a liquid U not always proportional to 
the amount which the liquid is ultimately capable of dissolving, for it depends in a 
great measure on the physical condition of the solid, and on the manner in which it is 
brought in contact with the liquid. Pulverisation, by increasing the number of points 
of contact, of course facilitates solution. If the solid is placed at the bottom of the 
liquid, it dissolves with comparative slowness, because the solution formed immediately 
around the solid, lining heavier than the supernatant liquid, remains at the bottom, and 
protects the solid from the further action of the liquid : the solution will therefore be 
facilitated by stirring the liquid, or by heating it at the bottom, so as to produce 
upward and downward currents. In many coses it is best to suspend the solid in the 
upper part of the liquid in a basket, or perforated box, so that the solution as it forms 
may fall to the bottom, and enable fresh liquid to come in contact with the Bolid. This 
plan is adopted in many manufacturing operations, as in lixiviating ball-soda, crude 
nitre, borax, &c. 

Many substances, when immersed in a solvent, absorb a certain quantity of it, and 
are converted into tenacious lumps very difficult, to dissolve ; this is especially the case 
with resinous bodies. In such ciises, it. is often advantageous to mix the body with an 
insoluble substance, such us sand or pounded glass, to prevent, the caking together, and 
enable the solvent to penetrate more easily to all parts of the solid. 

The solubility of a solid in a liquid increases, for tho most part, with rise of 
temperature; and for each particular temperature there is a certain limit., called tho 
point of saturation, beyond which the liquid is incapable of taking up anymore 
of the solid. The rate of increase is very different for different substances, and does not 
appear to be reducible to any regular law. b>en the general law of increased 
solubility with rise of tomperatum admits of many exceptions : thus, lime-wafor satu- 
rated at 0° con tains nearly twice as much lime as can be dissolved by the same quantity 
of water at 100°. Calcic sulphate also is more soluble in cold than in boiling water, and 
quite insoluble in water at 120°; eodic sulphate is more soluble in water at 33° than 
at other temperatures, either above or below, and haa about the same degree of solubility 
at 0° as at. 100°. Many other salts also exhibit a point of maximum solubility at 
some particular temperature, generally above the bpiling-point of water, (IIkat, iii, 
79.) 

A saturated solution of a salt at any particular temperature may be obtained, either 
by beating an excess of the salt with water to a higher degree, and leaving the 
solution to cool to the required temperature, or by immersing an excess of the salt in 
cold water and slowly heating the liquid to the same point. 

In the case of salts which, like saltpetre, do not contain water of crystallisation, and 
of many hvdruted salts, the saturated solution contains the same quantity of salt, by 
whichever method it is prepared. But when certain hydrated salts — especially tiros© 
which, likesodic sulphate and neutral sodic carbonate, are. capable of crystallising wjjh 
more than one proportion of water — are dissolved to saturation in hot water, and the 
solutions are left to cool slowly and quietly in a closed vessel, they often retain, after 
cooling to a certain temperature, a much larger quantity of thp salt than the same 
quantity of water would be capable of taking up if originally placed in contact with the 
salt at that temperature. Such solutions are said to be supersaturated. They 
retain their excess of salt so long as they are left at perfect rest, and not cooled too 
low; but if stirred or agitated, or brought in contact with air containing particles of 
dost, or with a crystal of the same salt, or cooled down to a certain temperature, they 
suddenly deposit the excess of salt in crystals, exhibiting atthe same time a considerable 
rise of temperature. This sudden crystallisation, if not produced by cold, appears to 
depend essentially on contact of the solution with small solid, perhaps crystalline 
particles; for it it not produced by passing air previously purified by oil of vitriol 
through the solution, or by agitation with a glass rod previously purified from dust 
by ignition (Low el, Ann. Ch. Pharm. bum. 227; Jahresb. 1860, p. 294; 1861, t 

321 ; 1832, p. 338,— Lieben, ibid. 1834, p. 822). According to Violetta (Compt * 
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lend. Ii. 881, 978; Jahresb. 1866, p. 74) and Do Gernoz (Cowpt. rend. lx. 838 ; 
lxi* 847; Jahresb. 1865, pp. 74, 78), the sudden crystallisation is in all cusps induced 
only by contact with a crystal of the same salt, possessing the same form and degree 
of hydration aa the crystals which separate out; and in the case of those supersaturated 
solutions which crystallise suddenly on exposure to the air, it is due to the presence of 
minute particles of that salt floating in l he air. From an experiment of De Gernez, it 
appears that microscopic crystals of sodic sulphate may be obtained by passing air, 
even in the open country, through pure water, and ovapomting the water on a glass 
plate. Jeannel. (Conipt. rend. Ixi. 412; Jxii. 37 ; Jahresb. 1865, pp. 77, 79), how- 
ever, denies the necessity of contact with the salt actually contained in the solution. 
He finds, indeed, that a supersaturated solution of sodic acetate may bo made to crys- 
tallise by contact willi any solid substance (a pieeo of paper, for example), and a solu- 
tion of sodic tartrate by contact with a clean dry glaSB rod. He attributes the 
phenomenon of suporssit ft rated solutions chiofly to the fact, that the salts in question 
are capable of forming in hot water peculiar hydrates, which under certain circum- 
stances remain permanent aftor the solution has cooled to a certain point, but arc. for 
the most part, broken up by contact with a, solid body, and especially with a particle 
of the dissolved salt. (Kespecting supersaturated solutions of sodic carbonate and 
sulphate, see Cakhonates, i. 795, and Sulphates.) 

When two or more salts are dissolved in water, and no new salt separates out by 
double decomposition, the quantity of each held in solution by a given qu4Kti ty of; 
water is generally, but not always, lose than if either salt were dissolved separately. 
In this case the quantities contained iu a saturated solution are the same, whether thft 
two salts are dissolved simultaneously in the water, or the water is first saturated 
with the one salt, and then brought in contact with an excess of the other, a portion 
of iho first salt then crystallising out. A saturated solution of common salt shaken up 
with sal-ammoniac takes up a large quantity of the latter, and deposits some of tho 
sodic chloride in cubes; a saturated solution of sal-ammoniac also takes up common 
salt, and deposits sal-ammoniac in dendritic forms. Wlion a solution of common salt 
sa turn ted at ordinary temperatures is mixed with a saturated solution of sal-ammoniac, 
a mixture is formed, without change of temperature, which is capable of taking up a 
certain quantity both of common salt and of sal-ammoniac. On warming the satu- 
rated mixture with common salt, a small quantity is also taken up, and separates out 
again on cooling. If, on the other hand, sal-ammoniac bo added during the warming 
of tho mixture, it at first dissolves, forming n clear solution ; if a larger quantity 
ho added, this also dissolves, but separates a considerable quantity of common salt; 
and as tho liquid cools, the common salt ^dissolves, and the sal-ammoniac which had 
been taken up by the hot liquid crystallises out. Similar relations aro exhibited by 
mixtures of sal-ammoniac and chloride of potassium, of the latter with chloride of 
sodium or barium, and apparently also by nitrate of ammonium and nitrate of so lium. 

Many salts dissolve in watrr to tho same amount, whether tho water is shaken up 
with an excess of either of them alone, or simultaneously with a second salt; but tho 
quantity of this second salt dissolved, is smaller than if the first wero not present. 
Thus a Hat .united solution of potassic chloride, <>r nitrate, dissolves only a small quantity 
of potassic sulphate; and if a saturated solution of tho latter bo shaken up with either 
of the preceding Balts, a large quantity of potnssie sulphate separates out. 

Lastly, a given quantity of Water can in some cases dissolve a larger quantity of a 
salt (.4), if previously saturated with another salt (Ji\ and at the same time take up an 
additional quantity of the second. In this caso the quantities taken up are different 
according as : 

a. A quantity of water saturated with a salt A aro shaken up with an excess of B. 

i 8. Water previously saturated with B is saturated with A. 

y. Tho water is shaken up with an excess of tho two salts simultaneously. 

For example, with sal-ammoniac (.4) and saltpetre (2?), dissolved in water at 18j°, 
the following quantities are taken up hi the three eases by 100 pts. of water; 


a. £• y- 

Sal-ammoniac . . 37*98 44*33 39*84 

Saltpetre . . . 37*68 30 56 38*62 


In solutions containing three salts, still more complicated relations are observed, 
and in all coses, the effects produced are such os indicate the formation of double , 
salts, and the division of the acids Among the several bases (Chemical Affinity, i. 863# 

Handw . d. Chtm. ii. 2** Auft. ii. [l], 654 Gindin's Handitook ; ii. 71.) 

On the questions whether certain salts dissolve in water in the anhydrous or h; 
drated state, see Schiff, Ann, Ch, Pham. evii. 293 ; Jahresb. 1858, p«. 87. — Wiillne 
Fogg. Ann. ciii. 629; cx. 564 ; Jahresb. 1858, p. 46; 1860, p. 47.— Kiid0rf£ Ji ‘ 

1882, p. 22. 
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On the supposed influence of gravity on the homogeneity of solution! : Gmtfin's 
Handbook, L 111. — Debus, Jahresb. 1853, p. 310. — Gale, Jahresb. 1855, p. 269.— 
Lieben, Ann. Oh. Pharm. ci. 77 ; Jahresb. 1857, p. 67. 

On the solubilities of different salts, and the relations between the strength and 
specific gravity of saline solutions, see Michel and Krafft, Ann. Ch. Phys. [3], 
xli. 471 ; Jahresb. 1854, p. 296.— Kremers, Pogg. Ann. lxxxv, 37, 246 ; Ixxxvi. 376 ; 
xcii. 497; xcv. HO; xcvi. 39; xcvii. 1 ; xcix. 26, 58, 435 ; ciii. 57 ; civ. 133 ; Jahresb. 
1862, pp. 14, 305; 1854, p. 294; 1855, p. 294; 1856, p. 274; 1857, p. 67; 1868, 
p. 39.— Gerlach, Jahresb. 1859, p. 42.— AHuard, Ann. Ch. Pharm. cxxxiii. 292 ; 
Jahresb. 1864, p. 93.— G. J. Mulder, Jahresb. 1863, p. 92,— G irardin, Jahreisb. 
1965, p. 67. 

On the solubility of certain salts in aqueous alcohol; A. G irardin, Ann. Ch. 
Phys. [4], v. 129 ; Jahresb. 1865, p. 64. 

On the solubility of a substance in a mixture of its different solvents: Girard in, 
Compt, rend. xlv. 142; Jahresb. 1862, p. 67. 

On the expansion of saline solutions: Krcmers, Pogg. c. 394; cv. 360; criii. 
115; cxi. 60; exiv. 41 ; Jahresb. 1857, p. 68; 1858, p. 41 ; 1859, p 48 ; I860, p. 46 ; 
1861, p. 60.— Gerlach, Jahresb. 1859, p. 46.— Sorby, Phil. Mag. [4], xviii. 81; 
Jahresb. 1859, p. 50. 

On the boiling-points of saturated solutions: Kremers, Jahresb. 1856, p. 275. 

On the* temperature and tension of the vapours given off from saline solutions: 
\B*bo f jahresb. 1847-48, p. 93 ; 1857, p. 92. — Wu liner, Pogg. Ann. ciii. 529 ; cx. 
387, 564; Jahresb. 1858, p. 42; 1860, p. 47— E. Gerland, Pogg. Ann. exxiv. 179; 
Jahresb. 1865, p. 71. 

On the influence of preseure on solubility: Sorby, Proc. Roy. Soc. xii. 638; Phil. 
Mag. [4], xxvii. 145; Jahresb* 18G3, p. 96. 

On the index of refraction of saline solutions: Beer and K renters, Pogg. Ann. 
ci. 133 ; Jahresb. 1857, p. 091. — Grailich and Handl, Wien. Afcud. Ber. xxv. 615; 
Jahresb. ibid. — Kramers, Pogg. Ann. cvi. 586. — Pic hot, Compt. rend, xlviii. 
1118; Forthommo, Ann. Ch. Phys. [3], lx. 307. 

On the molecular rotatory power of certain saline solutions : Arndt sen, Ann. Ch. 
Phys. [3], liv. 403; Jahresb. 1858, p. 49. 

On the influence of temperature on the colour of saline solutions : Glad ston c, Phil. 
Mag. [4] xiv. 423; Jahresb. 1857, p. 71. — Babo, Jahresb. 1857, p. 72.— Scliiff, 
Ann. Ch. Pharm. cx. 203 ; Jahresb. 1869, p. 52. 

On the coloration of saline solutions at various degrees of dilution: Gladstone, 
Phil. Mug. [4] xvi. 66 ; Jahrosb. 1858, p. 47. 

On the influence of coloured saline solutions on the spectrum (ibid.). 

On the freezing of saline solutions : Uufour, Jahresb. 1860, p, 44. — Fritzsche, 
K, Petersb. Acad. Bull. vi. 385, 495; Jahresb. 1863, p. 97. — Riidorff, Pogg. Ann. 
cxvi. 55, exxii. 337 ; Jahresb. 1802, p. 20; 1864, p. 94. 

On the diffusion of saline solutions, see Liquids, Diffusion of, iii. 70 5. 


A variety of mcllilitc from Vesuvius (iii. 870). 

An earthy mineral, consisting mainly of calcic and ttluminic 
phosphates, occurring on some of the small islands of tho Antilles, chiefly on Sombrero. 
It contains, according to P h ip son (Chmn. Sue. J. xv. 277; (.’hem. News, fx. 28), 
65 per cent, tricaleic phosphate, 17 aluminic phosphate, and 9 water, besides calcic 
sulphate, carbonate, &r. — » composition which may be approximately represented by 
the formula 8(3Ca"0.P*0*),(2Al*0 a .8P i, 0 4 ).2< , tH*0. According to Julicii, however,' 
(Chem. News, ix. 16), it is not of constant composition. 

Syn. with Nephxlin, from Sorama (iv. 30). 


BOSreHVS. Sow-thistle * — A genus of cichoraccous plants. Sonckus arvensis, 
gathered during flowering-time, yields 86 0 per cont. water, and 119 ash; the plant 
also contains a bitter principle, wax, resin, a small quantity of free acid, &c, 
S. oUraceus yields, at flowering-time, 90*0, per cent, water, and 1 48 ash. The ashes of 
tho two species were found by C. Sprengel (J.tochn, Chem. ix. 17 ; x. 30) to contain, 
besides alumina and ferric oxide : 


S. arwntis 
A dUraceuM 


K*0. 

N«*0. 

c*o. 

MgO. 

«o*. 

so*. 

p*o*. 

Cl. 


21*9 

13*7 

270 

4 6 

30 

16*1 

8*6 

6*0 - 

99*9 

29*3 

18*6 

18*8 

1*6 

2*8 

6*1 

15*3 

7*4 - 

99*9 


A kind of lac produced by the puncture of a coccus in 
eerifera , a tree growing in Mexico. It appears to have been long used in 
as an irritant. 

The toot of Mormda citrifoiia (iii. 1048). 




m SORBAMIDE— SORBITE. 

SOftBAKXBl. CTPNO « N. — An amide produced by the action of 

dry ammonium-carbonate on crude sorbic chloride, or of aqueous ammonia on sorbic 
ether at 120°. *It forms white easily fusible needles, soluble in water and in alcohol. 
(Hofmann.)’ 

SOBBAVILIDl or PKenyl-sorbamide, C*H 9 (OH 4 )NO, is produced by the action 
of aniline on sorbic chloride, as an oil which solidifies in the crystalline form. (Hof- 
mann.) 

SORBIC ACID. C 0 H*O 3 = H !>0. (A. W. Hofmann, Chem.Soc. Qu.J. 

xii. 43.) — A monobasic acid, produced by isomeric transformation of parasorbic acid, 
a volatile oily acid obtained from mountain-ash berries. When the liquid which 
remains after partially saturating the juice of the unripe berries with milk of lime, is 
left to stand till all the neutral calcic malate is deposited from it (iii. 789), and then 
distilled in a copper vessel, ultimately with addition of a little sulphuric acid, ah acid 
distillate is obtained, from which, after saturation with sodic carbonate and evapora- 
tion, a brown oil is separated by sulphuric acid; and by dissolving this oil in ether, 
leaving the ether to evaporate, and rectifying, a transparent colourless oil is obtained] 
consisting of parasorbic acid, C tf H 8 O a , which when gently heated with solid caustic 
potash, or boiled fur some time with strong hydrochloric acid, is transformed into 
crystal Jisahlo sorbic acid, having the same composition. 

Sorbic acid is easily purified by recrystallisation from hot water; it dissolves easily 
also in alcohol and other, and crystallises from a boiling mixture of 1 vol. alcohol 
and 2 vols, water, in white needles an inch long. It is inodorous, melts at 134-5®, 
volatilises without decomposition, and decomposes carbonates. With phosphoric chloride 
it yields sorbic chloride, C*H 5 OCJ. Heated with hydrate of barium, it yields a volatile 
aromatic hydrocarbon, together with carbonate of barium. 

Sorbate of Ammonium crystallises in long needles: its concentrated solution is 
precipitated by chloride of calcium and by most salts of the heavy metals, but not by 
chloride of barium, strontium, or magnesium. —The potassium- and sodium-salts crys- 
tallise with difficulty.— The barium -salt, C ,a H l4 Ba"0\ and the calcium-salt, C ,5e H' 4 Ca"0 4 , 
crystallise in silvery scales.— The silver-salt , C'TTAgO, is a white crystalline pre- 
cipitate. 

Ethylic Sorbate or Sorlne ether , C fl H 7 (C 2 H 3 )O a , produced by passing hydrochloric 
acid gas into an alcoholic solution of the acid, or by the action of alcohol on sorbic 
ch'orido, is a liquid having an aromatic odour, like that of benzoic ether, and boiling 
at 195-5°. 

Parasorbic Add, C # H"O a . — This acid, prepared as above, is when freshly dis- 
tilled, a transparent colourless liquid, of specific gravity 1-068 at 15°. Its vapour, in the 
concentrated state, has a repulsive almost intoxicating odour: it is, in fact, the source 
of the peculiar pungent odour which the juico of mountain-ash berries evolves 
when partially saturated with lime. It boils constantly at 221°, but a portion of it is 
always converted during distillation, even in a stream of hydrogen, into a yellow 
resinous substance. It is faintly acid, dissolves in moderate quantity in water, 
forming an acid solution, and in all proportions of alcohol and other. Its solutions 
in ammonia, % potash, soda, baryta-water, and lime-water, dry up to amorphous 
residues; it dissolves in alkaline carbonates, but without expelling the carbonic 
acid .— -Nitrate of silver added to the ammoniaeal solution forms a white gelatinous 
precipitate, CTPAgO*, which blackens on exposure to light. 

SOBBXC OHXiOAXBfl. Chloride of Sorbyl , C«H 7 OCh— Produced by the action 
of phosphoric chloride on sorbic acid or its potassium-salt. It is converted by water 
into the acid, by alcohol into ethylic sorbate, by ammonia into sorbanude, by 
aniline into phenyl-sorbamide. 

flORBXC STHJBKi Ethylic sorbate. 

SORBXT &RTABIO AOXX>. An acid produced by heating sorbite with tartaric 
acid to 100°. (Bertholot.) 

SORBXn, Sorbin. (Pelouse, Ann. Ch. Phys. [3], xxxv. 292,)— An 

un Fermentable sugar, isomeric with grape- and milk-sugar, existing in the ripe juico of 
mountain -ash berries. The expressed juice of the berries, gathered towards the end 
of September, produces deposits and vegetations when left to itself for 13 or 14 
months, and at last becomes clear again ; and the clear liquid, decanted and evaporated 
to a thmk syrup, yields repented crops of crystals, which are obtained pure by two 
crystallisations with help of animal charcoal. 

Sorbite forms very tine, regular, transparent crystals, which, according to Berthrlot 
belong to the tn metric system, and are for the most part riimM oetaM«-^ 
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fob . Fob . with dP ; over ot* the angle Poo : P«o 38°^49' ; Poo : Poo » 37° 7\ The* 
faces between oP and Pod are truncated by mPoo (mPcc : Poo « 164° 20'), The 
crystals have a specific gravity of 1654 at 15° ; they grate between the teeth, and are 
as sweet as cane-sugar. Optical rotatory power, for the transition-tint = 40*9° at 7°, 
only slightly variable with the temperature, and just us great in a recently prepared 
solution as in one that has been kept. (Berth slot, Chim. organ, ii. 252.) 

Sorbite dissolves in about 4 pt cold water ; the saturated solution has a specific 
gravity of 1372 at 15°. It is“insoluble in cold, slightly soluble in boiling alcohoL 

Sorbite forms with chloride of sodium , a compound crystallising in cubes. — Aqueous 
sorbite dissolves hydrate of calcium and hydrate of barium. The solution of the 
former deposits flocks when heated, decomposition occurring at the same time.— 
Aqueous sorbite dissolves oxide of lead ; it does not precipitate basic acotate of lead, 
but on addition of ammonia throws down a white precipitate, which, while being 
dried, smells of caramel, and contains 794 per cent, lead (Pelouze).— -Aqueous 
sorbite also dissolves cupric hydrate . 

Sorbite when heated gives off acid waiter, and is converted after some time, at 

1^0° 180°, into a dark-red mass consisting of sorbitie acid (Pelouzo’s sorbic 

acid). When quickly heated on platinum-foil, it melts and burns away with a smell 
of caramel. Hot nitric acid converts it into oxalic acid (Pelouze). Oxidising 
agents also produce racemic acid from sorbite (J)cssai gnes, Bull. Soc. Chim. 
1881, p. 32). It is not altered when heated with dilute acids ; iti& coloured reddish- 
yellow by oil of vitriol , charred on heating. When heated for several hours with 
fuming hydrochloric acid , it is converted into humous substances in the same way as 
glucose (p. 315). (Bert he lot, Chim. organ, ii. 252.) Sorbite, heated to 100° with 
tartaric acid, yields a small quantity of a substance belonging to the class of 
saccharides (p/316), whose calcium -salt reduces potassio-euprie tartrate (Herthelot). 

It turns brown when heated with potash-ley, and evolves a smell of caramel. Heated 
wiih Urn .hydrate of barium , or oxide of had, it behaves in the same way. Tho 
solut ion of cupric hydrate in aqueous sorbite, and aqueous solution of sorbite mixed 
with jHttnsHhi'Cvpric tartrate , deposit cuprous oxide when warmed or left, to stand. 
Sorbite is not fermentable with yeast (Pelouze), not even after being heated with 
acids; but when left to stand in contact with cheese and chalk , at 40°, it suffers a 
decomposition, which gives rise to a large quantity of lactic acid, alcohol, and butyric 
acid, without previous formation of a fermentable sugar, (llerthclot.) 

BOUBITXC A.CXD. Potouzc’s Sorbic Arid . — An acid obtained by heating sorbite 
for some time to 150° —180°. On dissolving the residue (which is insoluble in water, 
aqueous acids, or alcohol), in aqueous ammonia or potash, a dark-brown solution is 
obtained, from which hydrochloric acid throws down amorphous dark-red flakes; 
these contain, after drying between 120° and 150°, 57‘96 per cent. C, 5'6t II, and 
36-53 O, corresponding, according to Pelouze, with the formula C n 7I ] *0'*. Their 
solution in ammonia-water gives coloured precipitates with metallic salts; with lend- 
salts one containing 5P35 per cent, lead-oxide, C*‘H "O'KSPbO, according to Pelouze. 

BO&SUS AUCV7ABIA. Fyrus Aitcumria. Mountain-ash. Rowan-tree. 
Sitrbicr. V ogdheerhaum . — A pomnceons tree, r uc unripe berries of which contain 
large quantities of free vegetable acids— viz. citric, tartaric, and malic acids; the 
hist is most abundant when the berries hare a rose-red colour ; previously to this, the 
tartaric acid predominates, and later in the season the malic acid likewise disappears. 
Tho juice of the berries contains also a non-fermentablo sugar, viz, sorbite, to- 
gether with fermentable sugar; for tho juice even of unripe borrios has been found 
to pass into spontaneous fermentation, and to yield, from 100 vols., 4 vols. of spirit 
containing 50 per cent, alcohol. After the spirit there distils a milky liquid, which, 
after a few days, deposits a small quantity of a utearopteno in small shining crystals 
(Liebig). Brandy is prepared from the juice of tho ripe berries in the Tyrol, in 
North Germany, und other places. 

The juice likewise contains a pungent-smelling oily acid ( parasorbic acid , p. 352), 
which may be separated by distillation after the malic acid has been precipitated by 
lime. 

The flowers of the mountain-ash, and the bark of the stem and root, are said to * 
yield, by distillation with water, products containing hydrocyanic acid; the bark also 
tannin and a bitter principle. (Gossmann.) 

Bourn. C*H r O. The hypothetical radicle of sorbic acid. 

loSSAVAUSTI* A mineral resembling pit-coal in appearance, forming 
three layers in trap near Sordawala in Finland, and associated with magnetic 
pyrites, at Bodenmais in Bavaria. Hardness - 2-5. Specific gravity * 2*6 3- 2*58. 
Vot. V. A A 
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Bites off water when heated, and melts to a black bead before the blowpipe. 

Partially decomposed by acids. Analysed — a. by Nordenskiold (Schw. J. xxxi. 
148 ); — A by Wandesleben (N. Jahrb. Pharm. i. 32): 

p*0*. 8101 A I 2 O 3 . Fe 2 iP. FeO . MgO. WO. 

a. 2*68 49*40 13 80 . . 18*17 10*67 4*38 ® 99*10 

b. 2*26 47*70 16*65 24*32 . . 10*21 . . = 98*14 

The presence of phosphoric acid, and the uncertainty as to the state of oxidation of 

the iron, render it impossible to reduce these results to a definite formula. 

0OB9BO* Sorghum saccharatum . Holcus saccharatus. Sugar-sorgho. 
Chinese sugarcane. Imphoo. Kao-li en.* — A sugar-producing grass, resem- 
bling maize in external appearance. It appears to have been first obtained by the 
Jesuit missionary I)u Halde, from the Chinese province Le Chuen ; the seed was sent 
to France in 1851, where the plant was cultivated, chiefly by Vilmorin and Beauregard, 
and exported in 1854 to the United States, where numerous experiments were made 
with reference to its utility for the manufacture of sugar, and in agriculture ‘as a 
substitute for the ordinary green-crops. Its chemical composition lias been investigated 
by Gossmann and other chemists ; but it does not appear certain that all the experi- 
ments have been made on the samo species of plant. 

The stem or cane fived from loaves contains, according to Gossmann, 78*9 per cent, 
water, 10*2 soluble constituents, 8*2 collulose, 0*4 to 0*5 insoluble salts and corasin. 
This last is a waxy substance distributed unequally over the surface of the plant, but 
most thickly on those parts which are covered by the sheaths of the leaves; when 
mixed with tallow it is said to make excellent candles. By charring tho defoliated 
cane, Gossmann obtained 0*71 percent, inorganic constituents. The residue, which was 
alkaline, consisted of calcic and magnesic phosphates, calcic, magnesic, potassie, and 
sodic carbonates und chlorides, and silica; the potash was in larger proportion than 
the soda. 

Tho leaves, which contain no sugar, leave when burnt, 2 07 per cent, inorganic 
constituents, chiefly consisting of silica, lime, and magnesia, and contain 27 per cent, 
moisture. 

The ash-constituents of the entire plant have been determined by J. Elwert. Tho 
plants used in this investigation belonged to a species of sorgho, called Itroom-corn , 
cultivated in America, and distinguished from the Chinese sugar-cane by its longer and 
inuch-dividod panicle. 100 kilogrames of the green plant, equivalent to 15*5 kilo- 
grammes of tho dry plant, yield 1*379 kilogrammes ash, consisting of — 

K y O. Hn*0. ChO. Cl. SO*. P»Q». CO*. Si-O. X* 

20*3 4*7 21-4 2*2 1*9 8 0 14*1 10*5 10*5 » 99*6 

Of these there are soluble in water — 

K*0. N**0. Cl. SO*. P*0», SIO*. 

20*3 4*7 2 2 1*9 3*4 3 3 

soluble in hydrochloric acid: 21*4 CaO, 141 CO 9 , 4*6 P-O 5 ; insoluble: 1 3*2 silica, 
and 10*5 sand. 

Tho juice obtained by pressing thB plant tastes very sweet, has a greenish-yellow 
colour, turbid appearance, faint acid reaction, and a specific gravity of about 1*07 
U)° to 9J° B.) at 19°. It boils at 101° — 101*5°, and between 60° and 70° l>< gins to 
deposit an albuminous cougulum, without however clarifying completely, an effect 
which takes place only after prolonged boiling. When left to itself, at 20° to 
25°, it soon begins to ferment. When evaporated, it leaves — after the albuminous 
constituents have been skimmed off— a transparent, viscid, sweet residue, which 
exhibits no trace of crystals, und, if somewhat unripe plants have been used, gives the 
reactions of starch. From perfectly ripe canes Gossmann obtaiued nothing but 
cano-sugnr, and that to tho amount of 9 to 9 56 per cent. According to Beihlen and 
Fehling, the juice of broom-corn, not quite -ripe, contains 4 per cent, cane-sugar, and 
1 0 per cent, unerystallisable sugar. Liidersdorff found in the juice of the Chinese sugar- 
cane, 7*5 por cout. sugar, consisting of equal pnrts of cane-sugar and fruit-sugar ; and 
Bergemann found in it no cane-sugar, but 11*3 per cent, fruit-sugar. Hence, and from 
the elaborate experiments of Dr. Jackson (Polyt. Centrulbl neue Folge, xii. 1649), 
it appears that the plant, in its earlier stages of development, contains only grape- 
sugar, together with starch; but when it ripens, all the starch disappears, and 


* Henry 8. Olcott, Sot# ha and Imp Arc, the item Chinese and African Sugarcane*, Hew York, 
- Vilmorin, Hecherc Acs de sorgho in cri. ISM. -Stamb u ry, The Chinese Svgar+cane, 
New York IWkT. — J*me« K C. II jrd«, The Chinese Sugarcane. Boston, 1867. — J. Lovrfng, 
The Chinese Sugarcane*. Philadelphia. 1&M.-A. (ioiimmn, Jtmm /. La*dtcirtk*ch<tft, rgn 
Heimeberft neue tolx?, t. 894 < 1068).- Hubich, Polyt. CenlralU 1858, p. 1647 — L S ffl e r. Hue Chf. 
nes/sche Zurherrvkr, Braunschweig, IK59.— Handle, d. Cheat. vliL 68. 

t Saud with traces of iron. 
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nothing but eane-tngar is present Of indifferent mibstanceu, the juice contain* mn oo na 
nitrogenous matters, chlorophyll, gum, and albuminous compounds. The quantity of 
the latter, though' not very great, is sufficient to convert the whole of the cane-sugar 
into glucose, and to resolve the latter into alcohol and carbonic anhydride. According 
to Loffler, the juice also contains two peculiar vegetable acids. 

Olcott found in the juice 15*2 per cent, sugar, 1*0 salts and organic constituents 
(albumin, vegetable fibre, gum, chlorophyll, &c.) f and 83 8 water. The salts were 
found to consist of 0*750 potussic carbonate, acetate, chloride, and sulphate, 0*218 
acid calcic and magnesrc phosphates, and 0*012 silicic hydrate, mixed with ferric and 
manganic oxides. 

The ash of the juice contains, according to Gossmann, 0*0015 per cent, silica, together 
with the following constituents soluble in water : — 0*219 calcic and magnesic phos- 
phates, with traces of iron; 0*310 alkali, chiefly potash; 0*69 sulphuric anhydride, 
0*065 chlorine, and 0*079 phosphoric anhydride ( =* 0*742). The juice probably also 
contains small quantities of oxalic and tartaric acids. 

The expressed plants (hegasse), which may be used for paper-making, contain, 
according to Olcott, 1*6 per cent, ash, consisting of — 

K*SO«. Na^SO*. CaO. MgO. SO\ P*0\ Cl. SIO*. X* 

8*10 9*60 11*80 9*30 28 70 14*42 3*70 14*40 0 68 « 100 

The seed of sorgho is yellowish, and yields a white flour, used in Marseilles and 
Lyons for the finer sorts of bread and biscuits. It is rich in starch and fat, and 
contains, according to Olcott, from 10 to 12 per cent, nitrogenous substances, and 80 to G6 
percent, starch. The seeds boiled with 12 to 16 pts. water form a glutinous paste ; when 
exhausted with other, they yield a not inconsiderable quantity of fat. From 60 to 60 
grammes of the ground seeds Gossmann obtained several grammes of solid fatty acid. 
When animals are fed on the seed, their bones gradually acquire a red colour. 

The glumes (floral leaves) and stems of sorgho contain red colouring-matters, which 
may bte used for dyeing silk and wool. 

BPABAITB, A hydnited magnesia silicate occurring, together with wollustonite, 
at Capo di Love, near Koine. It is amorphous, has a conchoidal to splintery fracture, 
bluish-red colour, and slightly waxy mieacoous lustre. Hardness — 2*6. Gives off 
water when heated, and molts before the blowpipe to a glassy enamel. Dissolves 
in strong hydrochloric acid, tho silica easily gelatinising. Contains, according to 
v. Kobe 11 (J. pr. (,’hem. xxx. 467b 56 00 per cent, silica, 0*66 alumina, 30*07 
magnesia, 0*66 ferrous oxide, and 11*34 water. (« 99*33), which may be represented, 
approximately, either bv 6Mg"0.6Si0*. 411*0 = Mg'Si a O i .4Mg"SiO\4IP0 1 or by 
6Mg"0.7SiCK4 H*0 - Mg"Si*0*.6Mg"Si0 8 .6H*0. 

SP AJ7XADA. Tuggkfida . — A resin much used in Northern Sweden for chewing, 
and said to keep the toeth clean and the mouth cool. It collects in lumps on the stems 
of pine-trees, and is difficult to separate from the pine-rosin, which it resembles. It is 
separated from adhering bark by kneading under warm water. 

This resin is brownish without, with a rosc-red tinge, yellowish-brown within, 
becomes darker and reddish on exposure to tho air. It is brittle at ordinary tempera- 
tures, and when chewed softens at first, exhibiting a sour and balsamic taste; by 
continued chewing it becomes rose-rid and brittlo. It contains a small quantity of 
a viscid volatile oil, quite distinct from oil of turpentine, which may bo separated 
by distillation with wnter ; also several resins, and a crystallisable oasily alterable 
acid, which may be extracted by water. This acid is soluble in alcohol, forms soluble 
salts with the ulkulis and alkaline earths; precipitates ferric chloride completely; 
forms a dingy-green precipitate with cupric acetate, sulphur-yellow with basic acetate 
of lend, even in dilute solution ; with the ncutrgl acetate also in concentrated solution ; 
'white with nitrate of silver. 

The reain, af*er exhaustion with water, dissolves completely in alcohol of specific 
gravity 0*84, but not completely in ether; water added to the alcoholic solution tnrows 
down a powder, which can no longer be masticated. Potash unites with tho resin, 
forming with one portion of it, a compound insoluble in excess, with the remainder 
a soluble compound; tho latter resin is also soluble in ammonia. (Berlin, Ann. 

Ch. Pharm. lii. 404.) 

SVAIflOLZTB. Von KobeU's name for certain varieties of tetrahedrite contain- 
ing mercury. 

flPAVXOUTKnr. A non-azotised colouring-matter, occurring, according to 
Kano, tn small quantity in litmus (iii. 731). 

* Ferric oxide, carbonic anhydride, end lot*. 

AA2 
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SfAXfAXTB. Breithaupt’s name for a variety of calcs^ai from New Jersey, 
which, according to Jenz&ch (Pogg. Ann. xcvi, 145), lias a specific gravity 2*81, 
hardness 3 *5, and contains 80 per cent, calcic carbonate, together with the carbonates 
of magnesium, manganese, iron, and zinc, and 5*3 percent, calcic fluoride. 

8FARTALXTB. Native oxide of zinc, usually coloured red by admixture of 
manganic oxido. (See Zriva) 

BPAXTXinrs. C'*II**N*. (Sten house, Ann. Ch. Pharm. Ixxviii. 15 ; Pharm. 
Centr. 1851, p.439; Chem. Gaz. ix. 117. — Gerhardt, Traite, iv. 236.— E. J. Hills, 
Chem. Soc. J. xv. 1 ; G m. xiii. 151.) 

History. — Sparteine was discovered in 1851 by I)r. Stenhouse, while investigating 
the Spartiuw Scoparium , or Common Broom. The formula proposed by Stenhouse 
was subsequently modified on theoretical grounds by Gerhardt, but a re-examination 
by Mills showed that Stenhouse' s formula doubled represents the true composition 
of sparteine. 

] ’reparation. — 1 . An aqueous decoction of broom is concentrated to about a tenth of 
its bulk, and set aside in a cool place for twelve hours ; and the gelatinous mass which 
forms is thrown on a filler, and washed with cold water. The solutions contain the 
sparteine, while seoparin in an impure state remains on the filter. The filtrate 
is distilled with excess of soda, when a colourlosB basic oil slowly collects at the bottom 
of the aqueous liquid in the receiver, (St on house.) 

2. The plant is exhausted with water faintly acidulated with sulphuric acid; the 
extract, concentrated by evaporation, is distilled with soda until the distillate has no 
longer a bitter taste or alkaline reaction ; tho distillate, acidified by hydrochloric acid, 
is ovaporated to dryness on a water-bath ; and tho mass, slightly moistened, is then 
distilled with solid hydrate of potassium. Ammonia is then given off, followed by 
tho base in tho form of a thick oil. Tho base is dehydrated by gentle heating with 
sodium in a current of dry hydrogen. When completely dry, the sodium remaining is 
removed, and the base is finally purified by rectification. (Mills.) 

Properties. — Sparteine is a colourless, transparent, viscid oil. Its specific gravity 
does not appear to havo been determined, but it is heavier than water. It has a peculiar 
odour, which is moro unpleasant after rectification. It has a very bitter taste. It boils 
at 288°. (The high boiling-point suggests the idea of its being a diamine). It 
neutralises acids, but tho salts formed crystallise with difficulty. It is a narcotic 
poison of tho nicotine character, but inferior in energy. One drop dissolved in acetic 
acid, and administered to a rabbit, first produces excitement; but this is followed by 
stupor, lasting for fivo or six hours. Four grains are sufficient to kill a large rabbit. 
It readily forms double salts with the chlorides of the heavy metals. 

•Sparteine dissolves sparingly in wat**r r but may bo separated by adding chloride of 
sodium to the solution. Most of its physical properties, including its vapour-density, 
have yet to bo determined. 

Decompositions. — 1. Sparteine becomes brown on exposure to the air for a few days at 
ordinary temperatures, and moro rapidly while boiling. — 2. Boiled with hydrochloric 
acid, it is decomposed, yielding a solution having an odour of mice (Stenhouse). 
On the other hand, Mills concentrates weak solutions of sparteine by saturating with 
hydrochloric acid , and evaporating to dryness on the water-bath. — 3. Nitrtc acid 
decomposes sparteine, yielding a substance which, when treated witli chloride of lime , 
affords chloropierin. — 4. j Bromine converts sparteine into a brown resinous substance, 
much heat being developed during tho reaction. 

Salts of Sparteine . — The chloride , bromide , and iodide are amorphous and unfit 
for analysis. (Mills.) 

The oxalate forms aeicular crystals, which are difficult to obtain. 

Chloropf athiati 1 , C 1 'L H C l.Pt 1 * Cl*. 2 IPO. — This salt precipitates as a yellow 

crystalline powder when a solution of tetrachloride of platinum is added to a solution of 
sparteine in hydrochloric acid. It crystallises readily from a solution in hot hydro- 
chloric acid. 

Chloroauratc, C , MP 9 NV2IICl.Au''CP. — Sparteine also forms double salts with iodide 
and chloride of zinc. 

Substitution-derivatives of Sparteine. 

Iodide of Ethyl sparteine, [Q 16 H M (C*H*)N*]T J .>— Equal volumes of sparteine, alcohol, 
and iodide of ethyl arc to be heated together in seal*! tubes for an hour to 106°. The 
mixture becomes dark-coloured, and deposits the etbvlated compound in crystals. They 
are sparingly soluble in cold, readily in hot alcohol, and excessively soluble ip hot 
water (Mills). Oxide of silver transforms the iodide of ethylsparteine into the 

hydrated oxide. (MUU) 
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jWdrate of ethylsparteine, on troatmeut with alcohol and iodide of ethyl, in sealed 
tubes, yields iodide of diethylsparteine, (Mills.) 

Constitution of Sparteine . — It appears from the above researches that sparteine is a 
tertiary diamine, having the formula (C ,4 H 3 *) Tl N*, but, as with, so many of the natural 
alkaloids and also of those formed by destructive, distillation, nothing definite is 
known of the hydrocarbon group which replaces the hydrogen in the typical 
ammonia. 0. 0. W. 

BFAftTZtmi. A genus of plants belong to the papilionaceous group of tho 
leguminous order. Sp. monospermum is said, by Lorenzo and Moreno (J. Cliim. 
mod. ix. 747), to yield a crystalline substance, b parti in, analogous to salicin. 

Tho common broom (Spartium scoparium, L. ? Cytisus scoparius , Link) has boon 
examined by several chemists. Cadet (J. Plmrm. x. 432) found in the flowers a volatile 
oil, fat, a light-yellow colouring-mutter, and a peculiar substance soluble in water 
and alcohol, and having the taste and smell of the plant; Reinsch (Jahrb. pr. Pharm. 

'• 1 J • .1. i] 1 — .. „l„,a „ 



most abundant in plants which liavo grown in sunny situations. According to 
C. Sprengel (J. techn. Client, v. 1291, 100 pts. of tho green plant yield 0 616 pt. of 
ash free from carbonic acid, and containing 27'6 per cent, potash, 1*0 soda, 24*1 limo, 
4'2 magnesia, 13*0 alumina, 5*7 ferric oxide, 0 7 manganic cxido, 9*7 silica, 1*4 chlorine, 
0*1 sulphuric anhydride, and 12*3 phosphoric anhydride. 

The root of the common broom lias, according to Reinsch, a decidod liquorice-taste, 
with irritating after-taste. 

SFSAft FTEXTSS. Syn. with Mahcasite (iii. 402). 

SPECIFIC ORAVZTT. Ry this term is understood the weight of a body as 
compared w ith that of an equal volume of another body assumed os a standard. It is, 
of course, necessary that tho standard shall be readily obtainable in a pure state ; 
distilled water is therefore employed for solids and liquids, and atmospheric air for 
gases and vapours. In certain scientihc investigations it is not unfrequont to usu 
hydrogen as the unit of density for gases and vapours. In this case it is usual to 
make the experimental comparison with air, and subsequently reduce it to that of 
hydrogen bv calculation. 

As the volumes of solids, liquids, nnd gases are affected by heat, it is absolutely 
necessary to perform the operations at known temperatures. It is usual in this country 
to make the experiment at 60° F. ( = l.V5° C.) in tho cases of solids and liquids; and 
with gases, to make tho experiment at. the temperature of the 750. 

air at the time, and reduce the observed volume, by calculation, w 

to the temperature of 15-5°. With vapours the experiment must 
bo made at a temperature sufficiently elevated to ensure their 
obeying, within certain limits, tho laws of permanent gases. 

The standard temperature in France is usually 0° fo» gases, and 
4°(the point of maximum density of water) for solids and liquids. 

We shall consider tho methods of determining the specific 
gravities of solids, liquids, vapours and gtises under separate 
heads ; — 

Specific Gravities of Soi.tds. 

To determine the specific gravity of a solid, it is only 
necessary, in addition to its weight, to know that of an equal 
bulk of water. The method to be selected will depend upon the 
chemical and physical characters of the substance. We shall 
consider tho following instances, which include all those which 
are likely to occur even in the investigation of the most trouble- 
some organic substances : — 

1. The substance is solid , heavier than mater, and insoluble in 
that liquid. 

2. The substance is solid , and insoluble in, but lighter than 
mater . 

3. The substance is solid , heavier than mater, but in frag- 
ments. 

4 . The substance is solid, heavier than water, but soluble in it. 

6. The substance is solid , but soluble in and lighter in water. 
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1. The substance is solid t heavier than water, and insoluble tn that liquid* 

a, By the Hydrostatic Balance.— The moat usual and generally applicable method in 
by the ueaiof a hydrostatic balance. The substance is first to be weighed accurately, 
in the usual manner. It is then to be attached by a slip-knot to a horsehair, and 
suspended from the short pan of a balance, as in fig. 750. A vessel of distilled water 
being so placed that the substance will hang freely in it, the substance will appear to 
be lighter than before, the loss of weight being exactly the Bame as the weight of a 
volume of water equal to that of the substance. In other words, a body immersed 
in water not only displaces its own volume, but also loses a portion of itsyreight 
exactly equal to that of the water displaced. If the arms of the balance are equal 
in length, it will only be necessary to place weights in the Bhort pan until the equili- 
brium is restorod, to get all the data necessary to enable the specific gravity to be 
computed. If the arms are unequal in length, it will be necessary to adjust the 
weights in the other pan until the substance is counterpoised. To calculate the 
density, it is only necossaiy to di ride the weight in air by the loss of weight in water. 
Great care must be taken during the operation that the substance is always sur- 
rounded by water, that it does not touch the sides of tho vessel, and 
Jtig. 7ol. nQ tt i r . bubbles adhere to it. 


b. By Nicholson* 8 Hydrometer . See Hydrometer (iii. 211). 

c. By the Flask . — A flask with a wide mouth and hollow stopper, 
enlarged at its upper extremity, and having a mark at a {fig. 751), is 
to bo filled to the mark with water, and its weight is to be ascertained. 
Tho level of the liquid can easily be regulated by the aid of a small roll 
of filtering-paper. Tho stopper having been removed, the substance, 
the weight of which is known, is to be dropped in. The stopper is 
then to be replaced, care being taken that no air-bubbles either adhere 
to the substance, or lie between the stopper and the water; the level of 
the water having been again adjusted to the mark, the weight is to be 
ascertained. To calculate the result, we must add tho weight of the 
substance to the weight of the flask of water, and from the number so 
obtained deduct the weight of the flask, &c., as obtained after inserting 
the substance. The difference will be the weight of a quantity of 

water equal in bulk to the substance. It is then only necessary to divide the original 
weight of tho substance by the numbor so obtained. 

d. Process by measuring the volume of the substance . — The substance is to be weighed 
In air, and then dropped into a graduated tubo (fig. 752), filled to the zero of the scale 

with water. The graduations indicate grains (or 
Fig. 752. grammes) of water. It is evident, therefore, that 




when the substance is inserted, the liquid will 
rise in tho tubo, and indicate at once the weight 
of a bulk of water equal to that of the substance. 
It is, therefore, only necessary to divide the 
w eight in air by tho weight of an equal volume of 
water, as indicated by the instrument, to obtain 
an approximation to tho specific gravity. 

2. The substance is solid , and insoluble in, 
but lighter than water. 

a. Tho solution of this problem is excessively 
simple. Only three data are required, namely : 
the weight in air of the light substance = F ; 
the weight in water of a piece of lead, or other 
heavy substance sufficient to sink it, =* P'; and 
tho weight in water of the light substance, and 
the lead attached to each other, — P\ We 
have then the density D by the following 
expression : 

D — 

F — jr + P 

Or, in words, deduct from the weight of the 
heavy substance, in water, the weight, in water, 
of the light' and heavy substance attached; add 
to the remainder the weight of the light sub- 
stance in air ; and divide the weight of tho light 
substance in air by the number 00 obtained : tho 
result is the density. 
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b. The process by the flask is also applicable to this case. A vessel capable of being 
closed by a stopper being taken and weighed full of water, the light substance, if its 
physical condition permit, may be inserted after weighing ; a quantity of waiter, equal 
in bulk to the substance, will then overflow ; on replacing the stopper, and r&- weighing, 
all the necessary data will be obtained, the calculation being made os in 1 c. 

^ 3. The substance is solid, heavier than water , but in fragments* 

The process by the flask is especially applicable to this case. The operation and cal- 
culation are precisely as in 1 c. 

4. The substance w solid , heavier than water , but soluble in it . 

It is sometimes possible to varnisli it very thinly, so as to prevent the access of the 
water, and to determine the specific gravity by the process 1 a* A serious error may, 
however, creep in if the varnish should penetrate any interstices in the substance. It 
is, therefore, in evory way preferable to use the method 1 a, substituting for the water 
li liquid in which the substance is insoluble, making iu the calculation a correction for 
the density of the liquid. Oil of turpentine, or benzene, will answer for most cases of 
this kind. 

The calculation, which is extremely simple, is as follows : — From the weight of the 
substance in air, deduct the weight in the liquid; this gives the weight of a volume 
of the liquid equal to that of the substance. Then, to olifain the weight of a bulk of 
water equal to that of the substance, we say : As the specific gravity of the liquid, is to 
the specific gravity of water, so is the weight of a bulk of the liquid equal to that of 
the substance, to the weight of a bulk of wafer equal to that of the substance. The 
weight in air of the substance is then to be divided by tlio latter number. Or, more 
simply, calling the weight of the substance in air I*, and the weight in the liquid P\ the 
weight of a bulk of the liquid equal to that of the substance will be P — V — P"; 
and calling the density of the liquid and that of the water S', wo obtain the weight 
P"' of a volume of water equal to that of the substance by the expression ; 



The density D of the substance therefore becomes: 



The operation may also be made by the flask, a correction for the density of the liquid 
usod being introduced into the calculation. 

5. The substance is solid t but soluble in and lighter than water , 

The process by the flask is specially adapted to this comparatively rare case. 
Benzene or turpentine is to be substituted for water, and the experiment is to be 
conducted as in 1 <?. To obtain the weight of a bulk of water equal to that of tin* 
substance, we say : As the specific gravity of the liquid is to the weight i>f the liquid dis- 
placed, so is the specific gravity of water to the weight of a bulk of water equal to that 
of the substance. The weight of the substance in air divided by the hitter number, of 
course gives the density required. 

Specific Gravities of Liquids. 

a * By the Hydrometer. See Hydromkteh (iii. 205). 

b. JSy the Specific Gravity bottle . — The specific gravities of liquids may, for ordinary 
purposes, be determined by means of the common specific gruvity bottle (Jig. 753). 
As ordinarily constructed by instrument-makers, it consists of a 
very thin glass flask, havingf a hollow stopper made from ther- 
mometer tube, carefully fitted by grinding. It is so constructed 
that, with the stopper in its place before adjustment, it holds alittlo 
loss than 1000 grains of water. Enough of the under-surface of the 
stopper is then removed by grinding ter allow of the bottle holding 
exactly that quantity at a temperature of 16 ‘5° — 60° F. A 
counterpoise is also supplied having exactly the woightof the bottle. 

By this arrangement specific gravities may be readily obtained 
without calculation. If the bottle holds 1000 grains of water, it 
will hold 1850 grains of monohydrated sulphuric acid, 860 grains 
of benzene, &e. f these numbers at once expressing the ratios of the 
densities. 

It is evident that the adjustment of the bottle to a capacity of 
1000 grains of water has no advantage except that of saving the necessity of a very 


Fig. 763. 
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elicit calculation. Such a piece of apparatus has disadvantages which far worts than 
counterbalance so alight a convenience. In the first place, it requires a quantity of 
liquid, which is often more than is at the disposal of the operator. In the next place, 
it. has the serious drawback that, if the temperature of the balance-case be higher than 
that of the liquid, expansion of the latter takes place, and it rises in the tube and 
escapes down the sides of the flask. If, on the other hand, the temperature of tho 
balance-case be lower, contraction ensues, and a void space is formed below* the 
stopper, which cannot always be easily filled up. Moreover, volatile liquids escapo by the 
aperture, rendering exact weighing excessively difficult. Tt would also be impossible, 
in such an apparatus, to determine the density of a liquid at a standard temperature 
either above or below that of the air at tho time of making the experiment. 

All the above objections arc obviated by the use of the flask shown in fig. 754. It 
Is essentially the same as that described in treating of the method of determining tho 
specific gravities of solids by tho flask, but furnished with a light well- 
fitting stopper having no aperture. . 

If it ho required to determine the density of a very volatile liquid at 
(say) 1°, it is only necessary to fill the flask, a little above the mark 
a, first with pure distilled water, and subsequently with the liquid to 
bo exatninod. After filling, it will be necessary, both with water 
and with the liquid, to keep tho flask in a bath cooled to 4°, until 
the required temperature is obtained; tho level at a may then be 
adjusted by The aid of a piece of filtering- paper. The stopper having 
been inserted, tho apparatus is to be allowed to acquire the temperature 
of the laboratory, so as to prevent errors in weighing, which might 
arise from the deposition of moisture. The only effect, as regards tho 
liquid, will bo its rise in the tube, its escapo being impossible owing to 
tho enlargement. Volatilisation is also provided against by tho 
stopper. 

If, on tho other hand, the determination is to be effected at a tem- 
perature above that of the atmosphere, the level is to be adjusted at 
the propor moment, and the apparatus may then be allowed to cool. 
The liquid will then descend in tho tube at, a ; but no source of error is introduced if 
the stopper be removed for an instant to allow of the ingress of a proportional volume 
of air, and even this precaution is unnecessary savo in refined experiments. 

When the quantity of liquid to bo oporated upon is very small, a vessel of tho above 
form, but of sufficiently small size, may easily be constructed at tho blowpipe-lamp. 
Of course tho flask will then be only in one piece ; and if the liquid under examination 
be volatile, a small cork can be inserted, because, as the fluid is only allowed to rise to 
the murk on tho nock, there will be no fear of errors arising from contact, and conse- 
quent absorption or chemical action. 

Another method of determining tho specific gravities of liquids, consists in weighing 
a piece of glass or platinum, first in water, and then in the liquid; tho weights of equal 
volumes of tho two liquids cun thus be obtained with accuracy, even when working 
upon comparatively small quantities. It is not often, however, that this method 
possesses any great advantages over tho others previously described. 

For general considerations on specific gravity, as connected with atomic volume, see 
tho article Atomic Volume (i. 440). 

Specific Guavities of Oases. 

Tho determination of tho specific gravity of a gas, so eminently simple in theory, is 
inpmctico an operation of the greatest delicacy. It is easy enough to obtain moderate 
accuracy, but results worthy to be depended on can only bo procured by taking a 
number of minute precautions: — 1. Jn tho first place, it is important that the balloons 
in ■which the gases are to bo weighed shoitld bo of such capacity that any minute 
error in weighing (such as a deoi-milligrumme) shall bear but a very small proportion 
to the weight of the gas, even if the latter be hydrogen itself. — 2. Great caro must be 
taken that tlio film of moisture which deposits upon tlio glass of the balloon is the 
B&me in weight when weighing the gas that it was when weighing the air. This is a 
point of great difficulty, and its neglect may give rise to serious errors. — 3. The absolute 
dryness of the gas and the air, with tho weight of an equal volume of which it is to bo 
compared, must also bo ensured.— 4. The temperature must be most carefully noted, and 
should be as nearly as possible the same during all the weighings, so as to avoid correc- 
tions, — 5. A similar remark applies to the pressure of the atmosphere, and consequently 
to the elastic force of the gas. — 6. Tho balance should be of such delicacy that the errors 
of weighing have no appreciable influence upon the result, — 7. Eveiy possible care must 
be taken that the air and gas are absolutely pui'e. 
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There are three principal cases, which occur in laboratory practice, in which it 
becomes necessary to determine gaseous densities: — 1. In the first, it is merely 
necessary to ascertain the specific gravity of a gas produced in a reaction, with a view 
to controlling or ascertaining its atomic weight. — 2. It is often required to determine tho 
specific gravity of coal-gas for technical purposes. — 3. It is sometimes required to 
determine the specific gravity of a gas with every precaution, so as, in fact, to obtain 
a standard result. In the first and second cases, the process of Bunsen is unquestion- 
ably the best to be employed ; in the third, it would be proper to UBe that of Regnnult. 
We shall consider both of these methods, premising that for minute details it will bo 
proper to consult the original works. (Bunsen’s Gasonutry , translated by Roscoo. 
Walton and Maberly. — R e g n a u 1 1, Relation des experiences entrcpi'ises par ordre de M. le 
Ministre des travaux publics , et sur ia proposition de la Commission Centrals des 
Machines a vapeur , pour determiner les principales lots et les dormers numtriquvs qui 
entreat dans le calcul d*s Machines a vapeur. Mhnoires de V Academic Royale des 
ISciences de Vlnstitut de France. — Also Jami n, Cours de Physique, ii. 165.) 

Bunsen’s Method . 

For the purpose of determining the specific gravity of a gas, Bunsen employs a light 
glass flask (Jig. 755), of 200 or 300 cubic centimetres capacity, with a long narrow 


Fig. 755 . 



neck, having a millimetre scale etched upon it. It is furnished with an accumtely- 
futing glass stopper. The aperture of tho neck is only about the thickness of a 
si raw. Before filling the flask with gas, a .small piece of fused chloride of calcium 
is dropped in, and made to crystallise on tho side of tlic flask, by allowing a drop 
of water to come in contact with it, and then warming tho glass until it has dis- 
solved. On cooling it will crystallise. This is to enable the gas to be dried in 
the flask itself. The flask is to be filled with mercury by tho aid of a small funnel 
reaching to the bottom. It is then to bo inverted in tho mercurial trough, 
A A. The gas, saturated with moisture, but otherwise in a state of purity, is 
then to be allowed to enter tho flask. It is not, however, to be quite filled, 
but tho entry of gas is to bo so regulated, that tho mercury in tho neck shall re- 
main a few millimetres above that in the trough. The whole is then to be allowed 
to remain until the gas has acquired the temperature (f) of tho laboratory, at the atmo- 
spheric pressure P. The volume V of tho gas, and the height p of the mercury in the 
flask above that in the trough, aro then to be observed through the telescope of tho 
cathetometer. The actual volume of tho gas at t and P is found by consulting a pre- 
viously prepared table, indicating the capacity of the flask at each of the millimetre 
marks on the neck. Calling the observed volume so obtained V lt the volume V 91 at 
0° C. and 760 mm. pressure, becomes : — 

r, iMP-p) 

* 760(1 + 0-00367 0 ' 

The flask is then to be weighed, to obtain the weight G u of the corrected volume J r # . 
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It Is necessary, in order to do this without bringing tho hands in contact with the fti»k 
(which, by warming it, would alter the volume), to make use of the lever apparatus 
represented in the engraving at cf. At the end, f, a hollow cork is fastened contain - 
ing the stopper, but it is so placed that while its superior extremity enters the flask 
for a short distance, it does not close it, because the wedge d, by raising the end c, 
keeps the end f depressed. When, therefore, tho flask is to be closed, preparatory to 
the weighing, the wedge d is to be taken away, and tho finger-plate c, being pressed 

upon the stopper, enters and closes the flask. 

Fig. 756* The pin c is then to be withdrawn, and the 

flask, along with the lever cf, removed from 
the trough. The lever apparatus can then 
be detached from the stopper, so as to allow 
of the flask being placed on the pan of tho 
balance. Previous to the weighing, it is 
necessary to clean the extremity of the flask 
with the most scrupulous care. It is to be 
allowed to repose on the balance until it has 
had time to attain the temperature t x of the 
balance-case at the pressure P x ; it may then 
be weighed. Tho number so obtained we 
shall call G . The glass stopper having been 
removed, it is to be replaced by the drying- 
tube 6 {fig. 756). It is then necessary to put 
the apparatus under the bell-glass of an air- 
pump, and exhaust and readmit the air 
until all the £as has been replaced by it. 
The stopper is again to be inserted after 
removal of the drying-tube, and tho flask is 
to be reweighed. This weight is called G x , 
The weight G a of the volume of gas V a 
measured in the flask becomes : 

Q » G — G + — Fj Pi 

2 1 773 >c 760 x (1 + 0*0036 7fi ) * 

Tho number 773 is tho volume in cubic centimetres of a gramme of dry air at 0°, 
and under a pressure of 760 millimetres in the latitude of Berlin. 

Tho specific gravity ( D ) may then be found from the expression 

D = 773 Jjj. 

For a mothod of determining the specific gravity of a gas, by ascertaining the time 
of its effusion, as compared with tho time of effusion of air, the reader is referred to 
Bunsen’s work above cited. » 

Regnaulfs Method. 

Regnault, in his magnificent work on the steam-engine above cited, gives an 
elaborate account of the methods employed by him to determine, with the utmost 
possible accuracy, the specific gravities of the more important gases. These methods 
aro, however, fur too complex, and require too elaborate apparatus to be employed in 
the laboratory, when, as in ninety-nine casoa out of a hundred, tho object in view 
is simply to confirm the formula of a gas which is under investigation. The process 
is nevertheless so perfect, and the' results so trustworthy, that it would be highly 
improper to omit, a condensed account of it. 

Kcgnuult uses large balloons capable of holding ten litres. The balance, when loaded 
witli a kilogramme in each pan, indicates readily half a milligramme. In order to do 
away with nnmerous uncertain corrections, arising from variations in the temperature, 
pressure, and hygrometric state of the air, the balloon in which the gases are weighed 
is counterpoised by another balloon of equal bulk, the same kind of glass, and 
of nearly equal weight. In order, to determine the volume of air displaced by the 
balloon in which the gases are to be weighed, it is to be filled with water, and then 
weighed in water of the same temperature. The balloon is then to be removed 
qnd weighed, after wiping, upon a strong balance. It is plain that the difference 
between the two weighings is the same as the weight of water displaced by the 
external volume of the balloon. It is then necessary to obtain a counterpoise of 
precisely similar external volume, or, in other words, which displaces the same volume 
of air. For this purpose a balloon is selected a little smaller than t^e first, 
including its stopcock. The latter is merely closed with a cap ending in a hook, per- 
mitting it to be suspended from tho balance -pan. Its volume is then ascertained, and if 
less than that of tho balloon in which t he gases arc weighed, a tube closed at each end, 
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and of • volume equal to the deficient, is attached to it. Tho b&Uoom, when 
mijnstcd, are then to be suspended beneath the scale-pans of a balance, in the manner 
Hhowa mfy. 767. Fig. 767. 



The flask, a, has a stopcock connocted with a three- wny tube, allowing it to bo put 
in communication with a gasholder, un air-pump, and a mil no metric apparatus, which 

Fig. 758. 





allows the elastic force of the ssm to be ascertained with or eat tmiAhmn. 
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The stopcocks are then to be so turned as to place the balloon) A, in communication 
with the air-pump only, and the latter is to bo worked until as perfect a vacuum as 
possible is obtained. The gas is then allowed to enter from the receiver B but slowly, 
so as to ensure its complete desiccation on passing through the tubes TT. These 
tubes may be charged with pumice moistened with sulphuric acid, or with fragments of 
chloride of calcium, or with pieces of hydrate of potassium, according to the nature of 
the gas. Lest any trace of air should remain in the balloon, the exhaustion and re- 
filling are to be repeated until it is certain that nothing but the pure gas is contained 
in it Before filling the exhausted globe for the last time, the sheet-iron case repre- 
sented in the engraving is to be charged with fragments of ice; the taps N, M, and C 
then being turned, the gas is allowed to enter. When the globe is full, the tap N is to 
bo closed. The tube at P not having as yet been slipped on, a momentaiy communi- 
cation may bo made with the atmosphere by rapidly opening and closing N. The 
elastic force of the gas may therefore be known by mere inspection of the barometer. 
The cock N being finally closed, and the system of tubes, &c. disconnected, the balloon 
is to be carefully wiped with a cloth sufficiently damp to prevent electrical excitation, 
which would cause serious errors in the weighing. The globe is then to be suspended 
on the balance, and after two hours’ repose is to be weighed. This delay is impem- 
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tiro, because bo large a volume of gas does not immediately 
acquire the temperature of the balance-case. Moreover, as 
long as the air of the balance-case and the balloon arc of 
different temperatures, currents are liable to form, which 
would interfere with the weighings ; finally, the delay 
allows the normal amount of moisture to condenso on the 
balloon* As soon as weighings, taken at. internals of a few 
minutes, are perfectly constant, the balloon is to be replaced 
in the case, and again surrounded with ice. The gas is then 
to be removed by the pump precisely as before. In ordor 
to ascertain the clastic force of the residual gas, tho tube 
connected with tho manometer B is to be attached at P. 
The tube must, of course, be prevented from collapsing by a 
spiral of wire contained in it, or it may be made of lead. 
Tho barometric manometer is seen in section on a larger 
scale in fig, 759. The tube A B is merely a barometer of 
*20 mm. interior diameter. The cistern in which it is in- 
verted is divided into two parts by means of the diaphragm 
min. Tho tube CD is a glass tube of similar diameter 
to AB, but contracted at tho top to allow of tho attach- 
ment of tlig leaden tube ab. The pressure of tho atmo- 
sphere may at any time be ascertained by pouring in mer- 
cury until it stnnds above tho diaphragm, and, after 
lowering tho screw V until its lower extremity just touches 
tho mercury, measuring, by means of the cathetometer, the 
distance between tho upper part of the screw and tho level 
of tho mercury in the tube. By adding the previously 
ascertained length of tho screw to tho result of the catheto* 
motric measurement, the length of a column of mercury 
balancing the atmospheric pressure is accurately ofc» 
tainod. 

Tho gas having been finally removed from the balloon, a 
communication is to be established between tho latter and 


the tube CD, in the manner indicated in fig. 759. The dif- 
ference in level between the two tubes having been care- 
fully measured by moans of the cathetometer, the elastic 
force of the gas remaining in tho balloon is at onco ob- 


tained. The thermometer T indicates the temperature at 
the time. The elastic force of the residual gas having 
been ascertained, the tap is to be dosed, tho connecting 
tube removed; and after wiping, &c., with the same 

S recautions as before, the balloon is to be weighed. The 
i fibre nee between the weighings (P— p) gives the weight 
of the gas which at 0° fills the balloon at the atmospheric 
pressure H, diminished by the elastic force, h i, of the residual 
gas. The weight of the gas at the normal temperature and 
pressure then becomes: 

(p-p) i— 

' r> II- k 
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SpBCIFfC GeAVJTIES OF VAPOURS, OU VAPOyB-BuNSlTIHS. 

The determination of the vapour-density of a substance being the moat severe check 
that can be obtained on the results of analysis, it necessarily becomes a process of 
constant occurrence in laboratories of research. All substances that volatilise without 
decomposition, at temperatures that can be accurately measured, cun have their atomic 
weights determined in this manner, but the' process to bo employed will depend upon 
a number of variable conditions. 

It is not intended in this article to describe all the processes which have been 
devised at various times to meet special cases, but it will be proper to consider 
those which have been found of general applicability and sufficient accuracy. 

There are certain precautions which must be observed in all oases where the 
vapour-density of a substance is to be determined j these will be described in the first 
instance. 

General precautions to 1>e observed previous to determining Vapour- densities. — 1. It is 
essential that the substance be entirely volatile without decomposition. It some- 
times happens that tho substance, although possessing this first and most essential 
quality, is nevertheless so readily oxidisable, that it cannot bo distilled in a vessel 
containing air or oxygen without forming oxidised products, which are comparatively 
fixed. It is easy in most cases to overcome this difficulty, by filling the balloon with 
hydrogen previous to employing tho method of Bunins, presently to be described. It 
even happens, at times, that the substance is (like isopreno), so readily oxidisable at 
ordinary temperatures, that, even when the vapour-density is detormined by a process 
which does not allow of its coming in contact with air or oxygen at a high tempera- 
ture, a portion of tho substance is unable to assumo the gaseous form. This may 
generally be avoided by preparing the substaneo only a short tinm before tho 
operation, or by rectifying it over sodium immediately previous to inserting it into 
tin' bulb or tube, presently to be described. 

2. It is very important that the substance shall bo entirely free from bodies of higher 
or lower boiling-point. In the first case, the density will generally corne out too high, 
and in the second too low. If, therefore, the. substance to be experimented on bo one of 
an homologous series, and be contaminated with uny of its congeners, it is absolutely 
necessary that it be subjected to an elaborate fractional distillation, or other method of 
purification, before being examined. 

3. The substance must bo perfectly dry. It is obviouB that the presence of 
comparatively small portions of water will lower tho density of most organic vapours 
to an extent sufficient to destroy all confidence in tho result as a means of chocking a 
formula. 

There are a few more precautions, of a somewhat less general character, but they 
will bo considered inxleseribing the various processes. 

Tho methods which we shall describe are the following : 

1. The process of Gay-Lussac. 

2. „ „ Dumas. 

3. » „ II. Ste-Claire Dovillo and Troost. 

4. „ „ Regnault. 

Wo shall also incidentally consider tho following special cases: — 

a . Tho substance is liquid, and boils below 100°. 

b. „ „ „ „ above 1 00°, but below 1 JJ0°* 

c. „ „ „ „ above 150°, but below 3U(J°. 

d. „ „ solid, and boils below 300°. 

. c. >, „ liquid or a fusible solid, and boils above 300°, but below 360*. 

/. ,, ,, boils above 360°, but below 440°. 

g. „ „ „ abovo 440°, but below 8G0°. 

A. „ „ „ above 86CP, but below 1040°. 

1. The process of Gay-Lussac. 

(t. The substance is liquid \ and boils below 100°. — This simple and beautiful process 
consists in ascertaining the volume ( V) occupied by a given weight (W) of a substaneo 
when heated to the temperature T, at a known pressure P. For this purpose a small 
iron pan is to be supported over a charcoal furnace or a powerful gas-lamp. A glims 
gas-jar (e) divided into cubic centimetres is, after drying, to be filled with mercury, 
end inverted in the trough. A small glass bulb, containing a known weight of the 
liquid, is then to be passed up into the gas-jar. It is of great importance that this 
bulb should be as thin as possible, so that at may not foil to burst by the mere 
expansion of the liquid. For this purpose it is also necessary that the bulb be 
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perfectly filled. A lai^e glass cylinder open at both ends is then to be lowered over 
the gas-jar. The gas-jar may bo kept in the axis of the cylinder by means of the 


Fig . 760. 


metal piece g having three projec- 
tions, and also by means of the rod 
a b t carrying a cap b. The rod a b 
passes through one of three aper- 
tures in the arm i k t which slides 
on the upright rod e /, attached to 
the iron pot at A. Tho arm * k also 
allows two thermometers, t and t\ 
to be supported by means of pierced 
corlca at different heights in tho 
cylinder. The arm / m supports 
a double-pointed screw of known 
length, tho use of which will be de- 
scribed presently. The cylinder is 
now to be filled with water up to tho 
line d, p, and heat is to be applied 
by means of the circular burner, q r. 
The liquid in the cylinder will now 
gradually increase in temperature, 
and at a certain point the bulb will 
burst, and the mercury will begin 
slowly to descend in the gas-jar. 
Soon after the water enters into 
ebullition, it will be found that the 
vapour will cease to expand any 
fui-tlier. The volume V may then 
bo noted, as also the temperature L\ 
and the height of tho barometer. 
Bui to obtain the true elastic force, 
J\ of the vapour, it will be neces- 
sary to ascertain the height of the 
mercury in the jar above that in the 
trough, and to deduct this value 
from tho hoight of the barometer. 
For this purpose the millod head v, of the double pointed screw n o t is to be turned 
until it exactly touches the surface of the mercury in the trough. By means of a 
cathetometer, the difference between the height of the mercury in the gas-jar and 
•ho upper point of the screw can be accurately determined. It is obvious that tho 
elastic force of the vapour may be found by adding to the reading of the cathetometer 
(ho length of tho screw no and deducting the sum from the height of tho barometer. 
Of course tho values must bo reduced to 0 U previous to calculating the results. 

Another method of ascertaining the elastic force of the vapour is us follows. Note 
accurately tho division on the gas-jar to which the inner level of the morcury reaches. 
Tile screw n o is thru to be adjusted to the level of the mercury in the pot. Tho 
water in the cylinder is now to bo removed as far as possible with a siphon, and 
tho last portions by the aid of filtering-paper. The metal will then, of course, bo 
found to have receded from the point of tile screw. More metal is now to be added, 
until it exactly touches the point of the screw again. The exact point to which this 
level reaches on tho gas-jar is to lie noted. Tho distance between these two points, 
being deducted from the height of the barometer, gives the elastic force P of the vapour 
at tho temperature T. 

A move generally convenient form of apparatus for determining vapour* densities by 
ftay-Lussuc’s method, and one which requires a much smaller quantity of mercury, is 
represented in fig. 761. It consists of a cylinder of rather thin glass, a b c d , in shape 
like a very large test-tube; it may be about 16 or 18 inches long, and 5 or 6 in dia- 
meter. At the lower and closed end it is rounded, and care must be taken that it is 
thin enough to stand tho application of heat, and yet strong enough to bear the weight 
of the mercury and the rest of the apparatus which will have to be inserted. A small and 
rather light gas-jar r, divided into half cubic centimetres, is supported at its lower end 
by an iron cup/, attached to a rod g g of the - same metal. In the engraving it is repre- 
sented in the act of being lowered' into its place. The upper end of the jar is kept 
steady by the ring h which slides on the rod g g. The cylinder is retained in its 
vertical position by the ring i sliding on the massive retort-stand k k. The rod g g 
and the thermometer l are supported by the arm m % also attached to the retort-stand. 
The cylinder being charged up to the line n n with mercury, the gas-jar, filled with 




l inserted, is 
with water, 


mercwy, and having the glass bulb containing the fluid to h^ exai 

placed in the position seen in the figure. The cylinder is then to he l , 

or neat's-foot oil, until the gas-jar is covered for at least an inch. The cylinder ma#be 
supported on wire-gauze over the tripod o, or in any other convenient manner. Heat 
may be applied by means of a Bunsen’s burner. 

Great care must be taken, in 
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passing the bulb up into the gas * 
jar, to prevent fracture. The 
most convenient way of ac- 
complishing this, is to place 
the lower end of tho jar in a 
mercurial trough, and to incline 
it to an angle of about 45°. The 
bulb is then to be held bet ween 
the thumb and two first fingers, 
the tail towards the palm of 
the hand; it is then to be 
presented to the opening of the 
gas-jar, and when inserted is to 
be let go ; it will then ascend to 
tho top. 

The elastic force of the gas 
can be very readily determined, 
owing to the transparency of 
the cylinder. With this appa- 
ratus the height of the column 
of oil or water must bo ascer- 
tained, and reduced by calcula- 
tion to a corresponding value 
in millimetres of mercury. Tho 
clastic force of the vapour is 
then found by adding this 
number to tho height, of the 
barometer, and deducting the 
height of the mercury in the 
gas -jar above the low l of the 
mercury in the outer cylinder. 

By proceeding according to cither of tho methods described, wo ascertain the volume 
which a known weight of substance occupies nt a given temperature and pressure, and 
it only remains to determine tho weight W of tho same volumo V of air at tho 
same temperature T and pressure P. This may be ascertained by means of tho 
following formula : 

W - 0*0012932 grm . V . l - . J* 

b 1 +• 0*00367 T 760 



The expression 1 + 0*00367 Tfor the temperatures at which tho specific gravities of 
gaxc* nro usually determined, has been calculated by several physicists, and may be 
found in works on physics ; and an especially elaborate table of this description, for 
every tenth of a degree between — 2° and + 40°, may be found in ltoscoe’s trans- 
lation of Bunsen^ Ga&ometry. But it is evident that vapour-densities are almost 
always determined at temperatures more elevated than this: the author of this article 


has, therefore, calculated the more comprehensive expression 


1 


1 + 0*00307 T 


for all 


the temperatures at which a vapour-density is likely to bo determined by Gay-Lussac's 
process — viz., from 1° to 150°. This table will, from the time which it will save in 
calculating, ho found invaluable to those who have many determinations of this class 
to make. 

b. The substance is liquid y and bods above 100% but below 150°. — Thejproccssof Gay- 
Lussac is quite capable of meeting this case, but, instead of water, it will be necessary 
to substitute neat’s-foot oil, or spermaceti. During the operation tho oil must be 
stirred by the aid of a small stirrer attached to a wire. As oil does not remain 
colourless if heated for a long time to 150°, it is advisable to make the experiment in 
such a position, that a good light from a window or lamp may bo brought behind it, 
so as to illuminate the divisions on the gas-jar and thermometer. In other respects 
the operation may be conducted in the same manner as that last described. 
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41 
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71 
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17 
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47 

0-85289 
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0*71803 

137 

0-66543 

18 

0-93803 

4S 

0*85022 

! 78 

0-77745 

108 

0*71615 

138 

0-66380 

19 

0-93482 

49 

0-84758 

! 79 

0-77523 

109 

0*71427 

139 

0-66219 

20 

0-93162 

50 

0-84495 

80 

0-77304 

110 

0-71240 

140- 

0-66059 

21 

092844 

51 

0*84234 

81 

0-77085 

111 

071055 

14 

*4H>5 89 9 

22 

01)2629 

52 

0-83974 

82 

0-76867 

112 

070870 

142V 

0-65740 

2S 

0 9221*6 

53 

0-83716 

83 

0-76651 

113 

070686 

143 

-0*65582 

24 

0-91905 

54 

0-834 GO 

84 

0-76436 

114 

070503 

144 

0*65424 

25 

0*91596 

56 

0*83205 

85 

0*76222 

115 

0-70321 

145 

0*65268 

26 

0*91289 

56 

0*82952 

86 

0-7601.0 

116 

0*70140 

146 

0*65112 

27 

0-90984 

57 

0*82700 

87 

0-75798 

117 

0-69960 

147 

0 64957 

! 28 

0*9068*2 

58 

0*82450 

88 

0*75588 

118! 

0-69781 

148 

0*64802 

i 29 

0*90381 

59 

082201 

89 

0-75379 

119! 

0*69603 

149 

0 64G48 

30 

090082 

60 

0-81954 

90 

0*75171 j 

120 j 

0-69425 

150 

0*64495 


2. . The process of D u m a s. 
c. The substance is liquid and boils above 150°, but below 300°.—T1id process beet 
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adapted for determining the vapour-densities of 
liquids hoi ling between tho above temperatures is 
that of Dumas. For this purpose it is proper to 
employ glass balloons, having a capacity of from 
100 to 360 cubic centimetres; tho size will depend, to 
a groat ext out, upon tho quantity of substance at 
the disposal of the oporator. It is, however, ab- 
solutel^tfeoessary to have more substance than* is 
sufficient to fill the balloon with its vapour. It is 
also proper to use larger balloons as the density of 
the vapour is lower; otherwise tho difference between 
the weight of the balloon filled with vapour, and 
when filled with air, will be so small as to render 
excessively accurate weighing necessary, in order to 

J > re vent error. Dumas’ method of determining vapour- 
leusities is quite capable of yielding accurate results 
in tho cases a and A; but it requires more substance, 
and. does not. permit of the density being determined at more than one temperature 
without making a separate experiment in each case. The process of Gay-Lussac on 
the other hand, permits numerous experiments with one small specimon of substance 
at any desired temperature within certain ranges, and thus enables the operator, in a 
very short time, to accumulate information regarding certain physical properties of 
substances which it is ofton veiy desirablo to know- such, for example, as the lowest 
temperature at which the substance under study begins to obey the laws of permanent 
gases. 

Tho balloons should be selected of a light and readily fusible glass, so as to allow 
the point to be sealed hermetically without difficulty at the close of the operation. One 



having Veen selected, and its 
it- is to be thoroughly dried, 
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allowing it to fill each time with air drii 
calcium. The balloon is then to be weights 
thfycase of gases. 4s much fluid is then to l>e inserted ns it i 
than enough to fill it with vapour. { An iron pot V C fig* 762), haVttg „ 

melted tallow or neat’s-foot oU, is to be supported tn any convenient way 
coal furnace, or a powerful gas-burner. For all ordinary experiments, .;ttS# 

• thermometer b B may bo replaced by a mercurial one passing through a cork' 

The ears s and a of the pot V support two rods,*p and fp f . The former has i 
upon it a bent arm, c d, capable of being fixed at any height by the screw r. Two rings, 
ef and g h, serve to support the balloon A ; tj^ey may be adjusted by the* screws i l. 
The tallow being heated to nearly the boiling-point of the substance, the balloon is to 
be lowered gradually, until the point a projects only about half or three-quapterfe of qjs 
inch above the tallow. When the temperature reaches the boiling-point, the vapour 
begins to escape, rapidly at first, but more and more gently afterwards, and^ finally 
ceases. The absolute cessation of the evolution of (lie vapour may be ascertained by 
bringing a piece of cold metal near the poifit a. Tho liquid which condense* Jr the 
neck is to be chased away with a piece of red-hot charcoal. Tho temperature should 
be allowed gradually to rise, until it is 20 or 30 degrees above the boiling-point of the 
substance. The heat must then be so regulated as to allow the bath to remain as 
nearly as possible at the same temperature, while the point of the balloon is being 
sealed. This latter operation is most conveniently oflftvled by the aid of a Kerapath** 
blowpipe, attached to a flexible tube of sufficient length to allow of ample freedom, of 
movement. 4 common mouth-blowpipe and spirit-lamp 
will sufficB-wJjen the gas-apparatus is not at hand. 

As soon it is aeoinea that the point is perfectly 
closed, the' temperature of the bath and the height of tho 
barometer are to be noticed ; the screw r may then 
bo loosened, and the balloon raised completely from 
the bath ; the point a should then be turned dowuwards, 
so that the condensed liquid may flow into it. It should 
now be carefully watched, to see if any air-bubbles rise 
through it, indicating incomplete sealing. If no leak be 
observed, the balloon may, after cooling, be thoroughly 
cleaned, placed on tho balance-pan, and allowed to 
remain long enough to become constant in weight. The 
exact weight having been ascertained, the point a is to be 
inserted below the surface of the metal in the mercurial 
trough, and a file-mark having been made on it, the point 
is to be snapped off. The mercury will then rush in, and, 
if the operation has been completely successful, will, with 
the condensed liquid, entirely fill the balloon. In most 
cases, however, a bubble of air will remain, indicating 
that the whole has not been expelled from the balloon by 
the vapour. It is absolutely essential that the volume 
of this residual air should be accurately asc^nined. For 
this purpose the mercury and condensed liquid are to bo 
transferred to a cylinder, divided into cubic centimetres, 
and placed in a vertical position, A mirror then being held 
behind the cylinder, and in convict with it, the operator 
places himself in such a position that the line on tho 
cylinder which coincides with the level of the mercury, 
or rather that of tho condensed liquid^ also coincides with 
the centre of the reflection of the pupil of the eye as seen 
in the mirror. The balloon is then to be refilled entirely 
with mercury, and the contents are to b8 again transferred 
to the graduated cylinder, and the volume ascertained as 
before. It is obvious that the second reading will give a 
greater value than the first, and that the difference 
between the two readings will indicate the volume of the 
residual air. 

The above process for the determination of the residual 
air takes a considerable time, owing to the slowness with which the mercury escapes 
from the small aperture in the neck of the balloon, and, where numerous determinations 
of vapour-density have to be made, causes great delay. The writer of this article 
has therefore devised tbe following method of proceeding, which, in addition to extreme 
Vol» V, B B 
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ampUcItyaid f&mracy, hi$ the advantage of occupying only a few seconds (Phil. Trans. 
1867, P* 660). ; The point of the balloon having been broken off under mercury, 


Fig. 764. 
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and the metal having entered the globe, the latter is to 
be placed on a straw ring (as in fig. 763, p. 369), beneath 
a burette divided into cubic centimetres and fractions. ' The 
screw a of the compression-stopcock is then turned, so as to 
allow a slow stream of metal to flow into the balloon until 
the condensed liquid exactly reaches the orifice. The quantity 
of mercury required for the purpose at once indicates the resi- 
dual air. The' compress ion-stopcock shown in fig. 763 is seen in 
* section in fig. 764. It is capable of withstanding a very con- 
siderable pressure of mercury, and is so manageable that the 
smallest portion can be added at will. A block of wood, a%cd, 
has a square hole mortised in it, through which passes the 
vulcanised tube efg k } attached at e f to the lower orifice of 
the burette. A piece of hard wood, i k, also passes through 
the mortise, and is retained in itg place by the flange i . To 
close the orifice it is only necessary to turn the milled head l of 
the screw ; the piece * will then be pressed against the vulcanised 
f tube, aud close it. 

From the data obtained in an experiment conducted as above, 
the vapour-density (Z>) may be calculated in a few minutes with 
sufficient accuracy for most purposes, by the aid of the following 
formula : — 

I) - 

( V - »K 

P = tbo difference in weight between the globe filled with 
air and whon filled with vapour. 

V — the capacity of the balloon in cubic centimetres. 

»« =» tho weight of one cubic centimetre of air at the tempera- 
ture at which t he balloon filled with air was weighed. 

ni ~ tho weight of one cubic centimetre of air at the tempe- 
rature of sealing tho globe. 

and w t (iu grammes) may be obtained at once from the following 


table, calculated for each degree centigrade from 0° to 300° : — 

Weight of one Cubic Centimetre of Atmospheric Air at different Temperatures, from 0° to 

300° at 760 mm. 


0° 0-001 293 
1 0-001288 

2 0-001284 

3 0 001279 

4 0-001275 
6 0001270 

6 0001266 
7 0-001261 
8 0001257 

0 0001262 

10 0-001248 

11 0-001243 

12 0-001239 

13 0-001234 

14 0001230 

16 0*001225 

16 0-001221 

17 0001217 

18 0*001213 

19 0*001209 

20 0*001205 

21 0001201 

22 0-001197 

23 0*001193 

24 I 0 001189 

25 | 0*001185 


0001181 51° 

0-001177 62 

0001173 63 

0001169 54 

0-001165 55 

0-001161 56 

0001157 57 

0-001154 I 58 
0 001150 | 69 
0-001146 60 

0001142 61 

0-001138 62 

0-001134 63 

0*001131 64 

0-001128 65 

0-001124 66 

0-001121 i 67 
0*001118 68 
0001114 69 

0 001111 70 

0001108 71 
0 001105 i 72 
0-001102 ■ 73 
0*001098 ! 74 
0*001095 ; 75 


0-001091 76 c 

0-001088 77 

0001084 78 

0 001081 79 

0*001077 80 

0001074 81 

0-001070 82 
0-001067 83 

0-001063 84 

0-001060 85 

0-001057 86 

0-001053 87 

0001050 88 

0001047 89 

0*001044 90 

0001041 91 

0-001038 92 

0-001035 93 

0*001032 94 

0 001029 j 95 

0 00102G j 96 
0-001023 ! 97 
0-001020 98 

! 0-001017 I 99 
0 001014 ! 100 


0001011 

I 101° 

0-000043 

0-001008 

102 

0-000941 

0001005 

103 

0-000938 

0-001002 

104 

0000936 

0001000 

105 

0000933 

0-000997 

106 

0000931 

0000994 

107 

0-000928 

0000992 

108 

0 000926 

0 000980 

109 

0*000923 

0000986 

110 

0000921 

0000983 

111 

0000919 

0000980 

112 

0*000916 

0000977 

113 

0 000914 

0-000974 

114 

0000911 

0*000972 

115 

0000909 

9000969 

116 

0000907 

(f-000967 

117 

0-000905 

0*000964 

118 

0-000903 

0000962 

119 

0000900 

0000959 

120 

0-000898 

0000956 

121 

0*000896 

0 000953 

122 

0000894 

0*000951 

123 

0 000891 

0000948 

124 

0*000889 

0*000946 

125 

0000887 
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Weight of one Cubic Centimetre of Atmospheric Air at different Temper at tires, from 0° to 
300 J at 760 mm. (continued.) 


126 

0*000884 

161 

0000813 

196 

0*000752 

231 

0*000699 

,266 

0*000654 

127 

0*000882 

162 

0000811 

197 

0*000751 

232 

0*000698 

267 

0-000668 

128 

0*000880 

163 

0000809 

198 

0*000749 

233 

0*000697 

! 268 

0*000652 

129 

0*000878 

164 

0*000807 

199 

0000748 

234 

0*000695 

269 

0*000651 

130 

0*000876 

165 

0*000806 

200 

0-00074$ 

235 

0*000694 

270 

0*000650 

131 

0*000874 

1 66 

0*000804 

201 

0*000744 

236 

0*000692 

271 

0-00064# 

132 

0*000871 

167 

0*000802 

202 

0*000743 

237 

0*000691 

272 

0*000647 

133 

0*000869 

168 

0*000800 

203 

0*000740 

238 

0*000690 

273 

0*000646 

134 

0*000867 

169 

0*000798 

204 

0*000739 

239 

0*000689 

274 

0*000645 

135 

0*000865 

170 

0*000796 

205 

0*000737 

240 

0*000688 

275 

0*000643 

136 

0*000863 

171 

0*000794 

206 

0*000736 

241 

0*000686 

276 

0-000642 

137 

0*000860 

172 

0*000793 

207 

0*000734 

242 

0*000685 

277 

0*000641 

138 

0*000858 

173 

0*000791 

208 

0*000733 

243 

0*000683 

278 

0*000640 

139 

0*000856 

174 

0*000789 

209 

0*000731 

244 

0*000682 

278 

0-000630 

140 

0*000854 

175 

0*000788 

210 

0*000730 

245 

0*000681 

28<r 

0*000638 

141 

0*000852 

176 

0*000786 

211 

0*000728 

246 

0*000679 

281 

0*000636 

142 

0*000850 

177 

0*000784 

212 

0*000727 

247 

0*000678 

282 

0*000685 

143 

0*000848 

1178 

0*000782 

213 

0*000725 

248 

0*000677 

283 

0*000634 

144 

0 000846 

179 

0*000781 

214 

0*000724 

249 

0*000675 

284 

0*000633 

145 

0000844 

180 

i 

0*000779 

215 

; 0*000722 

260 

0 000674 

285 

0*000631 

146 

0000842 

181 

0*000777 

216 

0*000721 

251 

0 000673 

286 

0*000630 

147 

0000840 

! 182 

0*000776 

217 

0*000719 

252 

0*000672 

287 

0*000629 

148 

0 000838 

; 183 

0*000774 

218 

0*000718 

263 

0*000670 

288 

0*000628 

149 

0 000836 

184 

0 000772 

219 

0*000716 

254 

0 000669 

289 

0*000627 

150 

0000834 

j 185 

0*000770 

220 

0*000715 

255 

0*000068 

290 

0*000626 

151 

0*000832 

186 

0 000769 

221 

0*000713 

266 

0*000666 

291 

0*000625 

15*2 

0*000830 

187 

0000767 

222 

0*000712 

267 

0000665 

292 

0*000624 

153 

0*000828 !; 

! 188 

0*000765 

223 

0*000710 

258 

0*000664 

293 

0*000623 

154 

0*000826 j 

189 

0*000763 

224 

0*000709 

269 

0 000663 

294 

0 000622 

155 

0*000824 j 

190 

0 000762 

225 

0 000708 

260 

0*000062 

296 

0*000621 

156 

0*000822 | 

191 

0*000760 

226 

0*000706 

261 

0*000660 

296 

0*000620 

157 

0*000821 ! 

192 

0*000758 

227 

0*000705 

262 

0 1>00 069 

297 

0*000619 

158 

0*000819 1 

193 

0*000757 

228 

0 000703 ■'! 

263 

0*000658 

298 

0*000618 

lull 

0 0008 17 ! 194 

0*000755 

229 

0 000702 jj 

261 

0*000657 j 

299 

0*000617 

160 

0 000815 j. 

195 j 

0*000754 

230 

0*000701 j 

265 

0*000656 

300 

0 000616 


But the formula last given docB not afford results of sufficient exactness for very 
delicate experiments, inasmuch as it does not include some necessary corrections, the 
most important Vicing one for the expansion of glass. Iiegnault’e formula, on the 
other hand, includes all the corrections required, and possesses also the merit of sim- 
plicity. The weight P of the balloon having boon ascertained, and the temperature t 
of the balance-case, and the height (//) of the barometer having been noted, it is 
evident that the weight, p t of the air in the balloon will bo : 


P 


0 0012932 V . 


1 

1 + 0*00367 1 


H . 
760 J 


V being the capacity of the balloon in cubic centimetres. 

The point of the balloon having been soaled, and the height, /T, of the barometer, 
and the apparent temperature, T, of the bath having been taken, it will be necessary 
to find the true temperature, T t which corresponds to it. It must be remembered that 
only a small portion of the tube of the thermometer is heated in the bath. It is there- 
fore proper to have a small thermometer so placed that its bulb is in contact with th# 
tube of the principal thermometer, and at the height of about one-half of that portion 
of the mercurial column which projects above the oil or tallow of the bath, and the 
division B of the principal thermometer, which should be two or three centimetres above 
the bath. It may theis be Admitted that ( 3- 6) represents the portion of the mercurial 

column at the average temperature t. This portion would dilate by {T— 0 ) . . if 

UIJOV 

heated from < to 71 The true temperature T is therefore found by adding to the 

b b 2 
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apparent temperature, T, the number of degrees indicated by the expression (T-g) 
But the temperature T t as indicated by a mercurial thermometer, must be 

exchanged for the corresponding temperature T'\ as indicated by an air- thermometer ; 
this may be obtained without experiment from the following table, founded on the ex- 
periments of Regnault : — 


Table for the Conversion of the Degrees ( T) of a Mercurial Thermometer into the cor - 
responding Values (l w ) of an Air Thermometer . 

^ t : ; i r ; . 


V . 

r\ 

r. 

T\ 

T. 

T\ 

r. 

r". 

100° 

100° 

J 60-68 

170 

239-90 

240 

301-08 

300 

109-98 

110 

179-63 

180 

260*05 

250 

311-46 

310 

119-95 

120 

189*65 

190 

260*20 

260 

321-80 

320 

129-91 

130 

199-70 

200 

270*38 

270 

332-40 

330 

139-86 

140 

209-75 

210 

280-52 

280 

343 00 

340 

149-80 

160 

219*80 

220 

290-80 

290 

354*00 

350 

16974 

160 

229*85 

230 






The balloon having been sealed, and well cleaned, its weight (P) is to be determined ; 
the weight of the vapour will therefore bo l y — (P — p). 

The residual sir, v t haying been found in the usual manner, and the temperature t '* 
and pressure H” noted, its weight p * may be ascertained by means of the expression : 


p = 0 0012932 grm . v 


1 

0*00367^ 


ir 

760 


The woiglit of the vapour becomes, therefore, (P — P + p - p '). 

But it. is evident, that to obtain the true volume of the vapour we must deduct tho 
volume of tho residual air at the temperature of settling the balloon, which, even as 
corrected, we shall for simplicity’s sake call T. The volume v’ of the rosidual air at T 
and H’ will be : 

1 + 0 00367 . T IT 
v “ v i + o-oo367. r If‘ 

Calling tho coefficient of expansion of glass k, we hare for the volume of the vapour 
at 7’ and H* [V (1 + k'JP) — v']. The density of the vapour will therefore be : 


P - P 


+ p - p 


0*0012932[ V{\ 
or, at hill length : 

P - P + 


+ I T) - v *] 

r 


1 + 0 00367. T 
00012932 


H 

760* 


[r(i + kT) - 


1 760(1 


•f 0-0036 


37< r - ’>") 


, 1 + OOOSG7T 
1 + 0*003674 • 


0 0012932 

760(1 + 00036 7 7 1 ) 


/T. 


For very full details rogurding the calculations in vapour-density determinations, see 
(Chem. Soc, J. [2], iv. 72). 


can be taken at once from the table given under 


Brown (C 

As the expression „ 

v 1 -»- 0-00367 . T 
section 4, the calculation is by no means a long one, 

If the height (H*) of the barometer has been taken in inches, it can be reduced at 
once to millimetres from, the following table, oxtracted from the writer's Handbook of 
Chemical Manipulation 


Inch*. 

1 , 
2 . 
2 . 
4 . 
& . 


Table for the Conversion of Inches into Millimetres. 


Millimetre*, 


Inchei. 


2539954 
60-79908 
7619862 
. 101*6982 

. 126*9977 


6 . 

7 . 

8 . 
9 . 


Millimetre*. 

162-3972 

177*7968 

2031963 

228*6969 
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The coefficient of expansion of glass may be ascertained, for temperatures between 
0° and 350 3 , by inspection of the following table (Begnault): — 

Between 0° and 100° ...... K 

150 


200 

250 

soo 

350 


00000276 

0*0000284 

0*0000291 

00000298 

0*0000306 

00000313 


In laboratories where vapour-densities aro frequently being determined, it will be 
found of great advantage to keep copies, not only of all the data obtained in such 
experiments as the Above, but also of each step in the calculations; so that, in the 
event of real or supposed error, the point at which it has occurred can be detected at 


once. 

When the quantity of the residual air is small, and t he atmospheric pressure is not far 
from 760 mm., its weight may be obtained with sufficient accuracy by multiplying the 
number opposite the temperature in the table on p. 370 by the number of cubic centi- 
metres found. 

d. The substance is solid , and boils below 300°. — The last-described method is quite 
capable of meeting the case, it being only necessary to fuse the substance bo as to 
allow of its being inserted in the balloon. 


3. The process of D o v i 1 1 e and T r o o s t. 

e. The substance is fluid or a fusifde solid , and f toils above 300°, but Mow 360 a . — 
The chief difficulty in determining the vupour-densitics of substances boiling beyond 
the range of the mercurial thermometer has been the accurato determination of tho 
temperature. MM. Devi lie and Troost (Anu. Chim. Fhys. [31, iviii. 267) have 
most ingeniously and successfully overcome this difficulty, by heating the balloons in 
the vapour of substances of elevated, but accurately Known, boiling-points. It is 
evident that with homogeneous substances the temperature of their vapours, in contact 
with the boiling substances, is invariable as long as the pressure remains constant. 
Thus, under these circumstances, a thermometer surrounded by steam escaping from 
boiling water, will always indicate 100°. The same phenomena present them selves 
with bodies requiring much higher temperatures for vaporisation; the . substances 
most convenient for the purpose aro mercury' boiling at 360 J , sulphur at 440°, cadmium 
at 860°, and zinc at 1010°. In the case now under consideration, it is sufficient to use 
mercury the boiling-point of which is 350°. 

The apparatus required is of tho simplest description. It consists of an iron 
cylinder, CCKK (fig. 765), 22 centimetres high and 12 centimetres in diameter. It may 
very conveniently be constructed out of a mercury* -bottle. It is to be closed with an 
Fig. 7 65. j** 0 ** cover, GO, pierced 

* in its centre to allow of 



vapour of mercury is employed as the heating medium. 
The writer of this article, who has had occasion vc 


the passu go of the neck 
of the balloon, B. The 
latter rests upon a ring 
of met* I, FI 1 , supported 
on points fixed to the 
interior of the cylinder. 
There is also a concen- 
tric diaphragm, PD, to prevent the heat radiated 
by the sides of the vessel from reaching the 
balloon. The cover is fastened down by mesas 
of the pressure screws, VV. The tube, T, inserted 
in the side of the cylinder, serves to carry away 
and also to condense the vapour of tho mercuiy 
or other substance employed. 

The balloon, as represented in the figure, is 
made of porcelain, and to used only for tempera- 
tures at which glass would soften : for substances 
the vapour-densities of which can be determined 
in the vapour of mercury, it will be quite suffi- 
cient to use balloons of ordinary glass. It will 
also be unnecessary to heat the tube T by means 
of a combustion -furnace, as shown in the figure. 
The heat of a powerful gas-burner, or small char- 
coal chauffer; will be quite sufficient when the 


very frequently to employ this 
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process, makes use of the apparatus shown in fig. 766. A small glue-pot, a a, is to be 
ground at its mouth, to fit accurately the iron plate b b. The latter is pierced 
with two holes — one serving to give egress to the neck c of the balloon, and the other 
to admit the bent iron tube d d, which serves to carry away and condense the vapour 
of -the mercury. The gland e e , bent twice at right angles, has two screws f f, which 
attach it to the ears of the pot. The gland is pierced with three holes, two serving to 
admit the pressure-screws g g, and one to permit the passage of the neck of the 
balloon. A ring gas-burnor ( h ) serves to heat the apparatus. The substance to be 
examined having been inserted in the balloon, t, and a few pounds of mercury having 
'been placed in the pot, the balloon is to be put in its placo, the neck passing through 

Fig. 7 66. 



a cork, tho upper portion of which projects as short a distance as possible above the 
cover of the pot. A small quantity of linseed-meal luting may be laid on the cover 
before fastening it down with tho screws. Although the cork and luting will be 
destroyed during tho operation, they servo quite woll for one experiment. Another 
iron tube may very conveniently be made to slip over the tube d d, so as to conduct 
the condensed mercury-vapour to a convenient receptacle. Tho nock of the balloon 
must be kept very hot during the operation, by the aid of pieces of red-hot charcoal. 
When no more vapour escapes from the orifice of the balloon, it is to be sealed in the 
same manner as in vapour-density determinations by Dumas's method. It is scarcely 
necessary to add that the value of k, in the formula on p. 372, is too considerable to 
be neglected in determinations conducted at this elevated temperature. 

It will save some trouble to remember that at 360° the value of the expression 

__JL_ is 0 000566. 

1 + 0 00367 T 


/. The substance boils above 350®, but below 440°. — Glass globes may be employed 
for a temperature of 440° without any fear of softening. 500 or 600 grammes of 
sulphur are to be used in the apparatus described on pp. 373 and 374, and 200 or 300 
grammes are to be distilled over in each operation. The apparatus is not injured 
by the sulphur, and lusts, therefore, for an indefinite time. 

g. The substance boile above 440°, but below 860°. — When the vapour-density is to be 
determined at 880°, it will be necessary to employ cadmium- vapour for the purpose of 
heating the balloon. The apparatus shown in fig. 765 must be employed, and the 
tube T must be kept very hot by means of a combustion-furnace filled with charcoal. 
Two or three kilogrammes of caamium may be used, but only 300 or 400 grammes need 
be distilled over in each operation. It is necessary to employ porcelain balloons at the 
temperature of 860 ° ; they are loosely closed during the operation by the small porcelain 


of vAvouaa, 


375 


stopper f (fa. 765, p. 373), which permits the escape of the vapour of the substance 
un( fer examination. The opening is closed at the end of the experiment, by directing 
the flame of the oxyhydrogcn-blowpipo over the stopper ; the opening then closes 
-without difficulty. For details as to the numerous precautions to be observed and 
corrections to bo made in calculating the results, the reader is referred to the elaborate 
paper cf MM. Deville and Troost, previously alluded to. It may be mentioned, 
however, that the coefficient of cubic dilatation of porcelain between 0° and 860° 
was found by the authors to he 0-0000108. 

h. The substance boils al>ove 860°, but below 1040°. — In this case it will bo necessary 
to employ the vapour of zinc. The general process is similar to that employed in thd 
case of cadmium. The coefficient of dilatation of porcelain between 0° and 1040°, was 
found to be 0 0000108 — that is to say, the same ns between 0° and 860°. 

In determining precisely the boiling-points of sulphur, cadmium and zinc by means' of 
the air-thermometer, great difficulties ariso from tho fact that minute errors of weighing 
seriously affect the results, owing to the extremely small quantities by weight of air 
which remain in tho apparatus at the temperatures employed. Deville and Troost 
have overcome this difficulty by employing iodine instead of air in the thermometer. 
The very considerable density of the vapour of iodine ^8'7), and the fact that it 
has, fort unately without sensible error, the sumo coefficient of dilatation as air, render 
it invaluable for this purpose. 

4. livqnaull's j>rnriws . — The limits of this work will not permit the introduction 
of a complete account of the numerous processes devised by Regnault for determining 
the densities of the vapours of substances. The methods already described are capable 
of meeting every case likely to occur in chemical researches. It is true that instances 
sometimes present themselves where it is desirable to obtain information as to the 
physical characters of certain vajxmrs, and their behaviour under various circumstances 
of temperature and pressure : in such cases it will be necessary to refer to the original 
memoirs ; a list of some of the more, important is therefor© appended to this article. 
It would, however, be improper to omit a description of the following simple method, 
devised by U egn a u 1 1 ( Ann. Cli. Phys. [3], lxiii. 53), for determining the densities 
of vapours at elevated temperatures. 1 1. is, however, only adapted for substances which 
are unacted on l>y air. Tho apparatus consists of two Husks, A A', made of cast-iron, as 
nearly as possible of the same thickness. They arc terminated by 
lubu lures, which are dosed by tho bullets 15 Ji', resting on tho 
openings. The volumes of the two flasks are to bo exactly deter- 
mined by ascertaining tho weight of water requirod to fill them. 

Some mercury is to be poured into the flask A; and in A' r the sub- 
stance the vapour-density of which is to be ascertained. The 
apparatus is then to be placed on a muffle boated to a temperature 
somewhat more than sufficient to convert the substance into vapour. 

The mercury and substance soon enter into ebullition, expelling the 
air by the apertures, which are only imperfectly clos<d by tho bullets. 

When the apparatus has been sufficiently heated, it may be 
removed and allowed to cool. The weights of the mercury 
remaining in A, and of substance in A', arc then to be determined 
by analysis. 

Let P be the weight of the mercury, 

Y that of the substance, 

8 the density of mercury compared with that of air under the 
circumstances of temperature and pressure which existed in the muffle at the moment 
of removing the apparatus. 

The density of the vapour will bo under the same conditions, and, assuming the 
volumes of tne two flasks to be identical, 



But as, in practice, the capacities of the two flasks will never be exactly the same, we 
must substitute the following formula for that given by M. Regnault. Representing, 
therefore, the volume of A by V, and the volume of A’ by V* t we have : — 



Fig. 767. 



x 


8 


V V 
P V* 


It is proper to remark that this method ceases to be accurate if there be any great 
difference between the volumes of A and A’. 

The relations between the atomic weights of substances and their densities in the 
state of vapour or gas, have been so tally discussed in the article Atomic Wjbqmts 
(i. 466), that we only now have to consider the method of ccdctdating the theoretical 
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vapour-density of a substance. This may at once be obtained by multiplying the atomic 
weight of the substance by half the density of hydrogen, 0- 034635. If the results of 
experiment differ from tne number so obtained by a very largo amount* it will pro- 
bably arise from the vapour-density being anomalous. (See Atomic Weights.) * 

List of some Memoirs on Vapour-densities and Kindred Subjects. 

. Keg n atilt: Note on some Apparatus for determining the Densities of Gases and 
* Vapours , Ann. Ch. Phya. [3], Ixiii. 45. — Apparatus for the. lh termination of the 
Vapour-densities of Substances which boil at high Temperatures , ibid. 53. — Note on a Gas- 
Tkcrnwmetcr employed as a Pyrometer for measuring high Temperatures , ibid. 39. 

Ilofmann : Remarks on anomalous Vapour -densities , Proc. Koy. Soc. x. 596. 

Playfair and Wanklyn : On a mode of taking the Density of Vapours of Volatile 
iAmiids at Temperatures below Boiling-point, Trans. Roy. Soc. Ed in. xxii. Part iii. 441. 

Natan son : Ann. Ch. Phann. xcviii. 301. 

Wurtz: An Introduction to Chemical Philosophy according to the Modem Theories , 
Cliem. News, April 7, 1865. 

Devi lie and T roost : On Vapour-densities at very high Temperatures, Ann. Ch. 
Phvs. [3] lviii. 257. 

W u rtz : Determination of the Specific Gravities of Methyl amine and Ethyl amine at 
varying Temperatures and Pressures, Mthnoire^sur les aminoniaques composes, tome 
xi. dcs M&noiros pr£sent£s par divers savants a rAead&mie des Sciences, 1851. 

W i 1 1 i a m s, 0. G. : Modes of determining Specific Gravities <f Vapours , jfc. — Chemical 
Manipulation, p. 94. 

Brown, Jas. T. : 'Tables for the Calculation of Vapour-density Determinations, 
Cliem. Soc. J. [2], iv. 72. 

Williams, 0. G. : Determination of Residual Air, Phil. Trans. 1857, p. 460. 

C. G. W. 

8PBCTRA1 AKALT8XS. The examination of the properties of the light emitted 
by substances in the slate of glowing gas has been termed Spoctral Analysis. By this 
method we not only succeed in obtaining a much more accurate knowlrdgo than 
we have hitherto possessed concerning the chemical composition of terrestrial matter, 
but we acquire information respecting tho chemical nature of the sun, fixed stars, and 
distant nobulie, opening out the now sciences of solar and stellar chemistry. 

If, by means of a prism and suitable optical arrangements, wo examine the light 
emitted by incandescent solid or liquid bodies, we find, first, that all such bodies become 
luminous at the same temperature ; and, secondly, that when they first become luminous 
red rays alone are emitted, and that as the temperature risps, rays of every higher 
degree of refrangibility, up to a certain limit, are likewise given of£ until, when the 
highest temperature is reached, h 11 the luminous rays are emitted, and the body is 
said to be white-hot. Hence the spectrum of every incandescent solid or liquid is 
continuous, and cannot bo used as a means of detecting the chemical nature of the 
substance. The light emitted by incandescent gases differs essentially from that radiated 
from solids or liquids, inasmuch as tho spectrum of a glowing gas is not continuous , 
but consists of distinct bands or lines of light ; in other words, is made up of different 
rays of definite degrees of refrangibility. Another difference to be noted is that, 
except in certain chsos to be spoken of hereafter, the quality of the light of a glowing 
gns does not alter with increase of temperature: thus, as soon as sodium-vapour 
becomes luminous, it emits yellow light, nor can this colour bo changed by increasing 
the temperature ; sodium-vapour cannot be made white-hot. 

Each elementary substance in the state of gas produces a spectrum consisting of 
bright lines or bands, which are unalterable in position, and are produced by that 
particular element alone; hence this property may be made use of for detecting 
the presence of the substance in question, and it matters not how far distant the 
source of light may be from the observer, provided the lines can be distinctly seen. 
Many chemical compounds are not decomposfd below the temperature at which their 
vapours become luminous, and these compounds yield spectra differing from those 
of their constituent elements; in some cases a further elevation of temperature 
produces a sudden dissociation of the combined elements, and then the true ele- 
mental spectra become for the first time apparent — no further change in the position 
of the lines occurring with subsequent increase of temperature. In many instances, 
however, even in the case of the elemental lines, increase of temperature renders 
new lines visible, which could not be seen before, possibly owing to their not possess- 
ingsuf&cient intensity. 

- The methods of obtaining the spectra of the elements, or their com pounds, d i flFer accord- 
ing to their volatility. The instrument or spectroscope employed varies according to 
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the degree of accuracy which the observations require : thus, for the detection of some 
of the more commonly-occurring substances, a rough apparatus with one prism will 
suffice, whereas for exact experiments, and for researches on solar chemistry, a 
much more powerful and optically perfect instrument is needed. 

Examination of the Spectra of Bodies which tint the colourless Gas fame. 

It has long been known that certain substances, especially the salts of the alkalis and 
alkaline earths, tint the blowpipe-flame, and these tints have long been used as tests for 
the presence of the substances. Bunsen and Kirch hoff (1800. Chemical Analysis fty 
Spectrum CHmr vat ions : First Memoir, Fogg. Ann. cx. 161 ; and Phil. Mag. [4] xx. 89: 
Second Memoir, Fogg. Ann. cxiii. 337 ; and Phil. Mag. [4] xxii, 329 and 49ff) were the 
first successfully to apply the prism to the examination of these tints, whereby the 
accuracy and delicacy of their indications were infinitely increased, and thus to found the 
science of Spectral Analysis. 

The improved spectroscope employed in these experiments is represented in fig. 768. 
On the upper end of the cast-iron foot, F, a brass plate is screwed, carrying the flint- 
glass prism P, having a refracting anglo of 60°. The collimator-tube, A, is also fixed to 
the brass plato ; in the end of this tube nearest the prism is placed a lens, whilst the 



other end is closed by a plate, in which a vertical slit has horn made. Two arms are 
also fitted on to the cast-iron foot, so that they are moveable in u horizontal plane 
about the axis of the foot. One of these carries tho telescope B, having a magnifying 
power of eight, whilst the other carries the fubo C ; a lens is placed in this tube at tho 
end nearest the prism, and at the other end is a scale, which can bo seen through the 
telescope by reflexion from the front surface of tho prism. This scale is a photographic 
copy of a millimetre-scale, which has been produced in the camera of about -jg the 
original dimensions. The structure of the 

slit is seen in fg. 769 : the upper half **$• 769. 

only is left free ; the lower half is 
covered by a small equilateral glass prism, 
which sends by total reflexion the light of 
the lamp D through the slit, whilst tho 
rays of the lamp E pass freely through 
the upper and uncovered . slit. By help 
of this arrangement, the observer sees 
the spectra of the two sources of light im- 
mediately one under tho other, and can 
thus easily determine at a glance whether 
the lines are coincident or not The instrument is used as follows: — In the first 
place, the telescope B is drawn out so far that a distant object is plainly seen; it is then 
screwed into the ring in which it is held, cam being taken to loosen the screws a and 0 
beforehand. The tube A is then brought into its place, and the axis of B brought into 
one straight line with that of A. The slit is then drawn out until it is d stinctly seen 
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pn looking through the telescope, and this latter is then fixed by moving the screws 
a and ft until the middle of the slit is seen in, the middle of the held of view. 
"Aftpr removing the small spring 7 , the prism is next placed on the brass plate, and 
fastened in the position which is marked for it, and secured by screwing down the 
spring-clamp 7 . 

If the axis of the tube A be now directed towards a bright surface, such as the flame 
of a candle, the spectrum of the flame is seen in the lower half of the field of the 
telescope, on moving the latter a certain a> gle round the .ixis of the foot F. When the 
telescope has been placed in position, the tube G is fastened on to the arm belonging 
to it; and this is turned through an angle such that, when light is allowed to fall on 
the divided scale, the image of the scale is seen through the telescope B, reflected from 
the nearer face of the prism. The divisions can easily be focussed, and the line on 
which the divisions lie brought parallel with the lino dividing the two spectra by 
means of the screw (5); a small gHs-flame is then placed opposite the tube C to illuminate 
the scale. The breadth of til© slit can be regulated, by means of the screw e t according 
to the degree of illumination present, or the purity of the spectrum required. A black 
cloth, with holes for the tube C, is thrown over the whole apparatus to shade off stray 
light. In order to bring the two sources of light, D and E, into position, the following 
method may be employed : — If the lamp E be pushed past the slit, a point is easily 
found at which the blue lines of the hydrocarbon-flam 0 (Swan, p. 3 8) are plainly 
seen ; the lamp must then be pushed to the left still farthor, until these linos nearly or 
quito disappear; the right mantle of the flame is now before the slit, and into this the 
bead of substance under examination must bo brought. In the same way tho 
position of the flamo (D) may bo ascertained (Bunsen). Owing to variations in the 
refracting power of the prisms, the positions of the lines of the same substances, 
measured by the photographic scale, on two different instruments will not coincide 
exactly. Bunsen has, however, givon (Pogg. Ann. cxix. 6) an easy method for reducing 
these variations, rendering comparable tno measurements thus made with different instru- 
ments. Ho has also proposed a graphical method (shown ir\fy. 770, opposite page 382) of 
mapping not only the position of tho bright lines, but also their relative intensities and 
degrees of sharpness: this consists in shading in the linos under a mi Hi metre scale (repre- 
senting that seen through the telescope), the starting-point being taken to be the D lines, 
the position of which is always represent^ at 60 mm. Tho height of the shading gives 
tho intensity of the bright band, the extont of the shading gives the breadth of the line or 
bund, and tho degree of sharpness is indicated by the sudden or gradual growth of tho 
shaded portions. This method cannot, of course, give to one unfamiliar with the spectra 
themselves, any idea of their real appearance ; this can only be attained (and but 
imperfectly) by chromo-lithograph ic tables, which accompany somo of the memoirs, 
and of which an enlarged Berios has been published by Lenoir of Vienna. 

The discovery of four new elementary bodies (caesium, rubidium, thallium, indium), 
by help of spectral analysis, since i860, serves to show the value of this now method; 
of its delieaey, somo idea may be formed by the following numbers, which give, 
in fractions of a milligramme, tho weights of the smallest quantities of the metals in 
question which can thus be detected with certainty: — 

niffm. mgtn. • 

Sodium . . 0 0000003 Thallium . . 000002 

Lithium . . 0’0000009 Rubidium . . 0*0002 

Calcium . . 0*00001 Potassium . . 0*001 

Caesium . . 0*00005 Barium . . . 0*001 

Strontium . . 0*00006 

Spectrum Reactions of the Metals of the Alkalis and Alkaline Earths . 

Sodium. — The spectrum-reaction of this metal is the moBt delicate of all. The 
yellow line, Na a, is the only one which appears in the sodium-spectrum ae seen in the 
flame with the ordinary spectroscope. Examined at the hign temperature of the 
electric spark with a more powerful set of prisms, this yellow line is seen to be double, 
and it is found to be exactly coincident with the dark double solar line known as D ; 
under these circumstances, three other pairs of lines and a nebulous band become 
visible^ in addition to the yellow D lines (Huggins,Phil. Trans. 18*64, p. 139, on The 
Wpsctra of some of the Chemical Elements). The line Na a is remarkable for its exactly- 
defined form and extraordinary brightness. If the quantity of sodium-compound 
present in the flame is very large, some portion is precipitated in the solid form* 
and this gives rise to a faint continuous Bpectrum stretching at each side of the 
double yellow line ; if a small piece of the metallic sodium bo volatilised in the flame, 
the important phenomenon of the reversal of the sodium-spectrum is observed — that is, 
bright M idium-lmes ’on a dark background become changed to a dark one 
upon a background of a bright continuous spectrum. The explanation of this will be 



SPECTRA OF ALKALI-METALS. 879 

given hereafter. All the sodium -compounds yield the yellow line when heated in the 
flume ; those (such as the oxides, chloride, iodide, bromide, sulphates, and carbonates) 
which are easily volatilised give the reaction most vividly, but the non-volatile phos- 
phates, silicates, and borates also exhibit the line plainly. Swan in 1857, and indeed 
Melville in 1752, pointed out the delicacy of this reaction. The P 4 * 11 a milli- 

gramme of soda can be easily detected, and this reaction shows tne constant presence 
of sodium-compounds floating about as motes in the sunbeam ; all bodies, after exposure 
to the air for a few minutes, exhibit the soda-lines on ignition. This dust of sodium- 
compounds is derived from the evaporation of the minutely -divided particles of sea- 
spray, and from the transportation of the infinitely small solid particles by the winds. 

lathium.— 'The luminous vapour of lithium, obtained by the ignition of the salts of 
this metal in the flame, yields a spectrum consisting of two bright lines : the one a 
bright red line, Li a (31 mm. on Bunsen’s scale), and the other a very much loss 
distinct orange line, Li $ (45 mm. on Bunsen's scale). When lithium- vapour is 
more strongly heated, as in an oxy hydrogen-flame or in the electric discharge, a blue 
line or band becomes visible, in addition to the other two lines which do not change 
their position (Tyndall and Frankland, Phil. Mag. £4], xxii. 472). This new blue 
lithium-line, when viewed with ono prism, appears coincident with tlio blue strontium- 
line, Sr 8 (seep. 380). On examination with three prisms and a high nmgnifyingpowor, 
the blue lithium-line is seen to be somewhat more refrangible than the strontium, 5, 
the lines being separated by a space about equal to that separating the two sodium- 
lines. (Itoscoe and Clifton, Proc. Manch. Phil. Soe, 1861-62, p. 227.) 

All the lithium-compounds give the reaction; indeed, minerals containing lithium 
(such ns triphylline, triphane, and pctalite) only require to be held in the flame to 
exhibit the red line, Li a, most distinctly. Lithium-compounds were formerly supposed 
to occur most sparingly on the earth’s crust, but spectral analysis has shown that this 
metal is most widely diffused. It has been found in the waters of the Atlantic, in tlio 
ashes of marine plants, in all the quartz and orthocluso of the Odenwald, as well ns 
in very many other minerals from different localities; in almost every mineral- water, 
as well as in almost all well- and river- waters ; in the ashes of tobacco, of wood of 
the vine; in milk, coffee, tea ; in human olood, and in muscular tissue. Lithmfn-salts 
have been found to occur in large quantities in a spring in Cornwall (W. A. Miller, 
Brit. Assoc. Report, 1864). Lithium has also been found in meteoric stones. (Bun- 
sen, Ann. Ch. Pharm. exx, 253. — Engelbaeh, Pogg. Ann. cxvi. 512.) 

Potassium. — Volatile potassium-compounds, when placed in tho flame, give a widely- 
extended continuous spectrum, which consists of two chief lines: one line, K a, situated in 
the outermost red (from 16 5 to 18 5 on Bunsen’s scale), and a second line, K situated 
far in tho violet rays towards the other end of the spectrum (162*5 to 153*6 on Bun- 
st-n’s scale). When tho vapour of potassium is heated in the electric spark, several 
other lines make their appearance (Huggins). All potassium-salts containing 
volatile acids exhibit tlio two lines when placed in the flame, but the potash-silicates 
and some other non-volatile compounds do not show it, and must therefore be ignited 
with sodium-carbonate. The presence of til* sodium-salt does not interfere with 
the reaction, and scarcely diminishes its delicacy. Orthoclasc, sanidine, and adularia 
may in this way be easily distinguished from albite, oligoclase, labradorite, and 
unorthito. If only a truce of potash is present, the silicate must bo heatod with 
ammonium-fluoride in a platinum -basin, and tho residue brought into the flame on a 
platinum-wire. 

The potassium-rod line, K a, was at one time supposed to be coincident with 
Fraunhofer’s line A (Kirchhoff, Researches , part i.) ; it has since been shown 
that the red line is a double one (Roscoe), and that it is not coincident with Fraun- 
hofer's A. (Kirchhoff, Researches, &c., part ii.) 

Rubidium and C&sium. — These two new Alkali -metals wore discovered by Bun- 
sen in the mineral-water of Lurkheim, and in Saxon lepidolite (Berlin. Acad. Ber. 

10 Mai 1860, p. 221; Chcm. News, irr. 132). Since their discovery they have been 
found to be widely diffused ; indeed, rubidium may be said to be a commonly-occurring 
substance; for although it exists only in small quantities, it is met with in a huge 
number of mineral waters, and in the ashes of many vegetables, such as tobeoep* 
coffee, and beetroot (Orsndean, Compt. rend. liv. 450, 1067). The 'chemical 
perries of the ctesium-compounds, together with the methods employed for the 
ration of this metal from rubidium, are described in vol. i. p. 1112 of this Dictionary i 7 $p, 
the rubidium-compounds are noticed in vol. .v. pp. 127*131 ; hence it will here only be ‘ 
necessary to deeonbe their spectra. ' 

The spectra of the new metals exhibit, in the place (in accordance witK 

their correspondence in other chemical propertied* striking analogy with IhP* 
potassium-spectrum; all three metals possess spectra which are ceutiiro^i in 
the centre, decreasing in intensity towards each end. In the case of potassium, the . 
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continuous portion (indicated in the mans by a dark band above the division^ is most 
intense, in that of rubidium less intense; and in the caesium-spectrum this luminosity is 
least* In all three we observe the most intense and characteristic lines towards both 
the red and blue ends of the spectrum. Of the rubidium-lines, those marked Rb a and 
Rb B (187 and 135 — 136 mm.) are the most brilliant, and best suited for the 
recognition of the metaJL Less brilliant, though still characteristic, are the red 
lines Rb y and Rb 3 (15 — 16 and 13 — 14 mm.), from which the metal derives * its 
name; they are remarkable os both being less refrangible than the potassium red 
lines K a, and the outer one of them lies so far in the dark red as to be only rendered 
visible by a special arrangement. The other lines, which are found on the continuous 
portion of the spectrum, cannot so well be used as a means of detection, because they 
only appear when the substance is very pure, and when the degree of illumination is 
very great. The nitrate, chloride, chlorate, and perchlorate, on account of their easy 
volatility, show these lines most distinctly ; but even the least volatile rubidium-oom-. 
pounds, such as the silicates, yield spectra in which all these details are plainly seen. 

The spectrum of ccesium is chiefly characterised by the two lines Cs a and Cs B (109 
and 106 mm.), remarkable for their brilliancy and sharpness of definition, as well as by 
the absence of any line in the red as in the two other spectra. The line Cs y in the 
orange (42 mm.) is the next most distinct. The other yellow and green lines marked 
on the map first appear when the luminosity is great ; and though they cannot be 
used for detecting the presence of small quantities of the caesi uni -compounds, they 
may serve with advantage as tests of the purity of the caesium-salt under examination, 
as they are seen only when all foreign matter is got rid of. 

The delicacy of tne spectrum -test for the pure compounds is, for rubidium 0*0002 
mgm., and for caesium 0*00005 ingin. ; if other members of the alkaline group of metals 
be present, the delicacy of the reaction is of course impaired; but even when mixed with 
from 300 to 400 times its weight of the Chlorides of potassium and sodium, thecaesiura- 
chlorides would be easily detected ; whilst the rubidium-salt will bear dilution with 
from 100 to 150 times its weight of the common alkalis before its spectrum is ren- 
dered indistinct. (Bunsen.) 

The following is a list of the chief sources in which the new alkaline metals have as 
yet been found : — 

In mineral waters: — Durkhoim, Kissingen, Nauheim, Kreuznaeh, Badon-Badcn, 
’Wiesbaden, Soden near Frankfort, all contain both metals : see the Second Memoir by 
Bunsen and. Kirchhoff. 


Vichy, Bourbonne. (Grandeau, Compt. rend. liii. 1100.) 

Ebonsee, Haller, Gastein. (Rodtenbaclier, J. pr. Chem. lxxxv. 458.) 
Aussee. (Schrotter, ibid. p. 458.) 

Topusco, Lassinga, KarUbrunti. (Schneider, ibid. p. 458.) 

Salins (Jura), Contrex6ville (Vosges). 


Head Sea water. (Grandeau, Ann. Ch. Phys. [3], lxvii. 175.) 

Inminerals : — Lapidolite from Roxena, Cs and Rb. (Bunsen and Kirchhoff.) 
Lepidolite from Hebron in Maine, Rb and Cs. (O. D. A 11 en, Phil. Mag. [4], xxv. 189). 
Lepidolite from Prague, Petalito from Uto, Rb and C»- (Grandeau, Ann. Ch. 
Phys. [3], lxvi. 172, 173.) 

Tripnylline, Rb and Cs. (Bunsen, Chem. News, iv* 163.) 

Litnia-micafrom Zinnwald in Bohemia, Rb and Cs. (Buns e n, Chem. News. iv. 286. — 
Schrotter, J. pr. Chom. lxxxv. 458.) 

Gueiss fromFreibeig, Rb. (Rube, Berg-und Huttemiinn. Zeitung, 1862, No. 8, p. 75.) 
Carnallite, Rb ahd Cs. (Erdraan, J. pr. Chem. lxxxvi. 377.) 

Orthoclase from Carlsbad, Rb. (Erdraan, ibid. p. 448.) 

Chile saltpetre. (Bunsen, Pogg. Ann. cxiii. 361. — Grandeau, Ann. Ch. Phys. [3], 
lxvii. 207.) 

Pollux from Elba (Pisani, Compt. rend, lviii. 714) contains 34 per cent, of 
Ctesium ; iu all former analyses of the mineral this had been taken for potassium. 

In vegetables and vegetable products, rubidium alone is found. 
j.|&i beetroot and the saltpetre derived from it : — Grandeau (Compt. rend. liv. 460; 
rjiftlT- Ch. Phys. [3], lxvii. 201). — Lefebre (Compt. rend. Iv. 430). 

“ Jil tobacco (Havana and Kentucky), in coffee, tea, cream of tartar. 

In the ash of the oak-tree, Quercus pubescent. (V on Than n, J. lxxxri. 


? Strontium . — The spectra of the alkaline earths are by no mean* *6% 
^oduoed the alkalis ; t hdl* of. strunt i um is characterised by 


I m the alkalis ; thtt 
Bight lines in the et* 


ence of 

u -spectrum are remarkable^WBfed . one orttnge, 
juajape, Sr « (45r- 47 mm.), two »», Sr B and Sr y 
['the blue line, Sr 3 (104*5 — 106*5 mm.). 
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The chloride and other haloid Balts of strontium give the best reaction, whilst it ie seen 
less distinctly with the sulphate and carbonate, and cannot be obtained at all with the 
non-volatile compounds. On moistening the bead with hydrochloric acid, the lines are 
seen more vividly ; the sulphate must previously be reduced to sulphide by holding 
the bead in the reducing flame, and the silicates must be fused on a platinum-loop, 
with carbonate of sodium, and the fused mass powdered, and washed on a plate by 
decantation. The insoluble carbonate of strontium is thus obtained, of which one or 
two-tenths of a milligramme, brought on to a platinum-wire and moistened With hydro- 
chloric acid. Suffices to give the most distinct reaction. The strontium-lines do not in- 
terfere with the indications of potassium and sodium ; and lithium can also be detected 
in presence of Strontium when the proportion of the former metal is not very small. 
The lithium-line appears as an intensely red and sharply-defined line upon a less 
distinct red ground of the broad strontium-band, Sr 0. (Bunsen ana Kirch- 
hoff.) 

If the temperature of the incandescent strontium -compounds be greatly increased, as 
when they are volatilised in the intense induction-spark, a sudden change in the spec- 
trum is noticed, especially if a more powerful spectroscope is employed. Not only do . 
new lines thus become visible which were not seen in the flame-spectrum, but the 
broad bands, characteristic of the spectrum at the lower temperature, totally disappear, 
and a mass of fine bright lines supply their place. These are, however, not coincident 
with any part of the band, being sometimes more and sometimes less refrangible. The 
lines, Sr a, 0, y disappear in the intense Bpark, whilst the blue line, Sr 6, does not alter 
either in intensity or in position with the alteration of temperature, but four new 
violet lines make thoir appeanmeo. An explanation of this phenomenon of tho disap- 
pearance of the broad bands and the production of the bright lines may be given by 
tlie supposition that the glowing vapour at the low temperature consists of the oxide 
or other compound of the difficultly reducible metal, whereas, at the enormously higl\ 
temperature of the intense spark, these compounds are decomposed, and the true 
bright lines of the metal-spectrum are obtained (Roscoe and Clifton, True. Manch. 
Society, 1861-62, p. 227). The bright lines of metallic strontium have been carefully 
mapped by II uggi ns (/i*\ cit.). 

Kirchhoff stab s in his memoir (Part i. p. 1 1) his opinion that the position of thp 
bright bands, or maxima of light, is not dependent upon the temperature, upon the 
presence of other vapours, or upon any other condition except the chemical constitu- 
tion of tho vapour. Tho appearanco of the spectrum may, however, Kirchhoff states, 
be very different under different circumstances. " Kven tile alteration of the mass of 
the incandescent gay is sufficient to effect a change in the character of the spectrum. 
If the thickness of the film of vapour whoso lines are being examined be increased, the 
luminous intensities of all the lines increase, but in different ratios. The intensity of 
the bright linos increases more slowly than that of the less visible rays. The im- 
pression which a lino produces on the eye depends on its breadth as well as its bright- 
ness. llenco it may happen that one lino being less bright, although broader than a 
second, is less visible when the mass of incandescent gas is small, but becomes more 
distinctly seen than tho second line when the thickness of the vapour is increased. 
Indeed, if the luminosity of the whole spectrum bo so lowered that only the most 
striking of the lines are seen, it may happen that the spectrum appears to be totally 
changed when the mass of the gas is altered. Change of temperature appears to 

S roduce an effect similar to this alteration in tho mass of the glowing vapour, no 
_ aviation in the maxima of light being observed, but tho intensities of uie lines 
increasing so differently, that those most visible At a high temperature are not those 
most readily seen at a low temperature ’* (Kirchhoff). Although this explanation 
of the changes observed may certainly apply to many cases, yet there can be no doubt 
that experiments made since the foregoing opiniou was expressed, prove that in most 
instances the tffianges which occur are sudden, and are due to an alteration in the 
chemical constitution of .the incandescent vapour. 

Calcium. — The spectrum of this metal is immediately distinguished from all the 
preceding by the characteristic green band, Ca 0 (67 to 62*6 mm.), and by the oragige 
band, Ca a (39 6 to 44 mm.). The chloride, iodide, and bromide give the reaction bgg^. 
the non-volatile calcium-compounds must be decomposed either by hydrochloric ach^Sp! 
by ammonium-fluoride, before the spectrum can be plainly obtained; and then, if thfv 
quantity present be very small, the characteristic lines are seen to flash 

out on^Sp^%ioment as the salt rapidly becomes basic and non-volatile.' In 
way, either ifcheating the substance alone, or rfer treatment with hydrochlo^^ 
acid or am mosMbM^noride, the mineralogist and jgawpst is provided win a simgilf^ 
method of re4|pSMng the components of a °f substances 

ease and certainty attained in the ordinary me ‘'eapellBp^: wf? . 



tdht» and material. Examples ofj'&e application of these^tsts' are jgiyen in Bunsen 
and Kirchhoff’s second memoir: these prove that some limestoneSconfain lithium 
and! strontium, as well as sodium and potassium; and it is probablb that an exact 
series of experiments on the amount of these ingredients contained in these various 
limestones may prove of the highest geological interest, both as regards the order of 
their deposition and their local distribution. The calcium-spectrin# ihows the same 
hind of remarkable change on increase of temperature as the strontium-spectrum 
(Kirchhoff, Researches, i. 12); thus the broad bapd, Ca 0, is replaced in 4he 
intense spark- spectrum by five lino green lines, alk of which are less refrangible than 
any part of the band Ca 0, whilst in place of the orange band; Gp*a, three more 
refrangible orango lines are seen. The total disappearance in the spark-spectrum of a 
well-defined yellow band seen in the fiame-spectrum at the lower jUpiperature was 
strikingly evident (Roscoe and Clifton). The spaSrk-spectrum ofeblcium contains 
also two bright lines in the violet, which may coincide with the two jlblar lines known 
as Fraunhofer’s H. (Huggins.) * - " 

Barium. — This is the most complicated of all the flame -spectra of the alkalis and 
. alkaline earths. It is at once distinguished from all the others by the green bands, 
Ba a (69*5 to 73 mm.) and Ba£ (75 to 79 mm.); those are by far tile most distinct, 
appearing ut the first, and continuing during the whole of the reacti<j|i. Ba y (59 to 
63 mm.) is not quite so distinct, but is still a well-marked and peculiar lino. The 
chloride, bromide, iodide, and fluoride, as well as the hydrate, carbonate, and Bulphate, 
yield the reaction ; the silicates must be treated previously with hydrochloric acid, or 
fused with sodium-carbonate, and the resulting barium-carbonate dissolved hi acid. If 
barium and strontium occur in small quantities together with huge amounts of calcium, 
the carbonates obtained by fusion are dissolved in nitric acid, and the dried salt 
exhausted with alcohol. The residue contains only barium and strontium, both of 
which can bo almost always detected. 

Unless one or more of the bodies to be detected is present in very small quantities, 
the methods of separation just mentioned are quite unnecessary, as a simple inspection 
of the flanio-spectrum generally exhibits the bright lines of the various substances, 
appearing one after the other in the order of their volatility, and dying gradually out 
again as the pictures in a dissolving-view. The absence of any one or of several of 
theso bodies is at once indicated by tho non-appearance of the corresponding bright 
linos (Bunsen and Kirchhoff). Tho same phenomenon of change from broad 
bands to fine lines on increase of temperature has been observed in the barium as in 
the two foregoing spectra. 

The spectrum of magnesium, as well as the spectra of almost all the other 
metals, emmot. be obtained by means of the flame, owing to their compounds being 
non-volatile at the temperature of burning conl-gas. In order to obtain the spectra of 
these substances, recourse must bo had to tho method with the electric spark, explained 
hereafter. 

Thallium. — Tho compounds of this now metal, discovered by Mr. C<rookes (Chem. 
Nows, March 30, 1861) in certain specimens of iron-pyrites, give when brought into 
the flame, a splendid green coloration, and this yields a spectrum consisting of one 
green line, T1 a (77*5 to 78 mm.), which coincides with a part; of the green barium- 
band, 0. When examined with one prism, the extrome brilliancy of this lino renders 
the detection of traces of thallium in pyrites easy (see the article Thallium in 
this volume; also Crookes, Phil. Trans. 1863, p. 1731. When tho spark-spectrum of 
thallium isexaminod, ftvo linos urc observed, in addition to tho intense one in the green; 
first a very faint one in the, orange ; next two of nearly equal intensity in the green, 
more refrangible than Tf a, with a third much fainter, these lines being nearly equi- 
distant; whilst fifth in the blue is a bright well-defined line (W. A. Miller, PJroc. 
Roy. Soc., 1863, p. 407). Gaasiot (Proo. Roy. Soc. xii. 536) foung. that*the two 
green thallium- and barium-lines do not coincide when examined with a magnifying 
power of 80. 

Indium. — This metal was discovered by Drs. Reich and RichteT in the Freiberg 
sinoblende (Phil. Mag. [4], March 1864, xxvii. 199). It* compounds are recog- 
nised by the deep indigo-coloured tint which they impart to flame. The indium-spec- 
tfum is characterised by two blue lines, which are best Been when a bead of an 
indium-compound is held between two electrodes from which a spark passes. The 
U#£8 In « and In 0 fall respectively upon divisions 107*6 and 140 mm. qf the photo- 
graphic scale of the spectroscope when Na a — 50 and Sr 5 = 100 * 5 . The specific 
gravity of the metal is 7‘277, and its atomic weight about 87 — In (monatomic). 
(Reich and Richter, J. pr. Chem. xcti. 480 ; see p. 268, vol. iii. of this Dictionary; 
also Strong, Berg- nnd Huttenm. Zeit. 1865, p. 191; A. Winkler, J. pr. Chem. 
j&iv. I; Weselsky, Wien* Acad* Berichte, li. 286, May 1865.) 
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- and Kirchhoffhav* the merit of founding the method of spectral^ 
** they placed it on a complete scientific basis, jet previoulh/ 
obaerrstiq?** bo this subject had not been wanting. Thus, so long ago as 176®"' 
Thotaae Jffelvilie pointed out the peculiar nature of certain coloured flames, attjT; 
•obeaTFed t^ yellow soda-flame; although unacquainted with its cause. In 18 2p;. 
Breweterpropa¥sd his monochromatic lamp, but the first idea of this is due to MeftL 
yiHe. Jn 1822 Sir John Herschel (PhiL Trans, p. 455) investigated the spectra off" 
many coloured flames (muriates of strontia and lime, nitrate of copper, and boracid * 
acid), and he writes in 1827 about them as follows, in the Encyclopedia Metropol S% 1 
tana: “The colours thus communicated by different bases to flame nfford in many 
cases a ready and neat way of detecting extremely minute quantities of them.'* Fox* 
Talbot, writing in 1826, makes the following valuable suggestions respecting theso 
spectra: “The red fire of the theatres, examined in the same way, gave a most 
beautiful spectrum, with many light lines or maxima of light ; in the red these rays 
were more numerous, and crowded with dark spaces between, besides an exterior ray 
greatly separated from the rest, and probably the effoct of the nitre in the composi- 
tion'* (really K a). " In the orange was oqp bright line, one in the yellow, three in the 
green, a very bright one in the blue, and several that wore fainter. ... If this opinion 
(about the formation of these lines) should prove correct, and applicable to the other 
definite rays, a glance at the prismatic spectrum of a flame might show it to contain 
substances which it would otherwise roquiro a laborious chemical analysis to doted.* 


These early observers, however, got altogether wrong with respect to the soda- 
reaction, and hence they cannot bo considered in any way to have founded the science 
of spectrum-analysis. Thus Horschol says that he found “that when sulphur if 
thrown into a white-hot crucible, a very largo Quantity of u definite and purely homo* , 
geneous yellow light is produced," and tha^“L>r. Brewster obtained the samek „ 
yellow light by setting fire to spirits of wine diluted with water and heated.” Talbot; 
states : “Hence the yellow rays may indicate the presence of soda, but they neverthd* 
less frequently appear whew no soda cun be supposed fco bo present.” He then men- " * 
tions that the yellow light of burning sulphur is identical with the light of a spiritf - 
lamp with a salted wick’, and states that he is inclined to believe tliut the yellow light 
which occurred when salt was strewed upon a platinum-foil and placed in a flame,*' 

“ was owing to the water of crystallisation rather thnn the soda.” He is puzzled U> * 
know why, if this be the case, the same result is not obtained with salts of potash ; he 
then finds that wood, ivory, paper, &c. give more or less^f this yellow light, always 
the same in its characters. The only principle which these hare in common is watery 
and yet he doubts whether water can cause this yellow light, os ignited, sulphur pro- 
duces the Panic. Af one part of his paper ho attributes this yellow colour to soda- 
salts, and in another part he says: “The bright line in the yellow is caused without * 
doubt by the combustion of the sulphur.” Talbot further on states that the “ mess 
presence '* of the substance, “ which suffers no diminution in consequence,” as in the 
case of chloride of calcium, causes a red -and -green line to appear in the spectrum. (See. 
Kirch hof f, on History of Spectrum AnaJyai*, Phil. Mag. [41, xxv. 250.) £ 

In February 1834, Talbot writes (Phil. Mag. iw. 114): “Lithia and strontia are twd 
bodies characterised by the fine red tint which they communicate to the flame. Now, 
it is difficult to distinguish lifhia-red from strontia-red by the unassisted eve, but the ' 
prism displays between them the most marked distinction that can bo imagined. The 
strontia-fldine exhibits a large number of rod rays, well separated from each other by 
dark intervals, not to mention an orange aud a bright-blue my. The litiiia exhibits 
only one single rod ray. Hence I hesitate not to say (referring to some experiments <3 
Herschel), that optical analysis can distinguish the minutest portion of these sub- 
stances from Hny other with as much certainty if not more than any other method/ 1 
In 1845, W. Allen Miller (Phil. Mag. [3], xxvii. 81) published an investigation on 
the spectra of coloured flames, as well as the dark absorption-bands produced when white 
light passes through certain gases. Coloured diagrams of the spectra accompany the 
memoir, but, owing to the fact that the_ flame employed was a luminous one, thege 
spectra are not distinctive enough of the particular substance to enable them to be used 
as characteristic tests for the metals in question. Amongst the spectra described and 
drawn are chloride of copper, boracie acid, nitrate of strontia, chloride of calcium, 
and chloride of barium ; also the chlorides of sodium, manganese, and mercury, and cf 
a large number of other metals. 

The first to point out the extreme delicacy of the spectrum -test for soda was Swan > 
(Edin. Phil. Trans, xxi. 411), who showed that the reaction could be produced by, 
sstnftAd P® 1 * ® grain of Common salt. And he concludes as follows : “ When, indeed, 

we consider the almost universal diffusion of the salts of sodium, and the remarkable 
energy with which the&mmduce yellow light, it seems highly probable that the yellow* 
line R> which appears ^Mphe spectra of almost all flames, is in every case due to tht^ 
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E nrinrite quantities sodium.” T^following literature, ra additiou to file 
ready cited on thii part of the sulgectf may be consulted^!) Ledurti 
bt Analysis, by W. A. Miller, Pharm. Joum, Feb. 1862 j (2) Ditto by 
scoe, Chem. Kews, iii. 153, 17 Q]Abid. v. 218, 261, 287. — Grandeau, 
pratique suf C Analyse Spectrale, Paris, 1863.— Dibbits, H. C., De 
inalyse , Rotterdam, 1863 (containing an able historical summary of the 
in the subject). — Mo us eon, Tteswnh de nos Connaissances sur le Spectre , 
( Arch. Sc. Natur. de Gonive. Mars. 1861, 

^ . Examination of the Spectra of Bodies volatilised in the Electric Spark. 

> .This method is applicable not only to all those bodies which are non-volatile at the 
temperature of the colourless gas-flame, but also to those which are gaseous at the 
ordinary temperature (such as hydrogen), and require to be heated by the electric 
"■•w* in order to be made incandescent. 

As the number of linos which become visible in the spectrum of the spark is very 
much larger than is seen in the flame-spectrum, a much more perfect and powerful 
spectroscope is needed for these observations. Fig. 771 represents 'ae arrangement 


Fig. 771. 



employed by Kirchhoff in his Researches on the Solar Spectrum and Spectra of the. 
Chemioal Elements (Macmillan, London, 1862 and 1863), 'and made by Steinheil of 
Munich. It consists of a collimator, A, screwed on to a planed circular iron table,* 
fmd carrying thu slit, formed of two knifo-od^ea^ the breadth of which can be regu- 
jbted by a micrometer-serow. The slit itself enn be brought into the focUjB of the 
%hromn tic object-glass by a rack-and-pinion motion. The telescope B, containing a 
similar objective, is fastened to a brass anq movable about the centre of tho plate, 
sfither by the hand ox with a micrometer-screw. Between the twojobjectives four 
^lint-gloss prisms ar<j placed; the ciroular refracting surface on each is 18 Paris lima 
% diameter, three of them have a refracting angle of 45°, and the "fourth of 60°. 
Each of the prisms is cemented on to a small brass stand with three set-screws. 
The telescope 11, having a magnifying power of 40, has & horizontal motion with respect 
to the brass arm ; it can be moved about a horizontal axis, and can be drawn in and 
out in the direction oftbis axis, as seen in the figure* Insetting up this train of prisms, 
the greatest care mult be taken, iti the' first place, that the axis 0 # the two tubes are 
in the same horizontal * plane, and parallel to that of the iron table ; secondly, that 


that the prisms are all placed at the angle of minimum deriatkfo for t£& rays about 
ft? be observed (Kirchhoff). A largo spectroscope, containing a powerful train of * 
nrisms, has been described by Gassiot (Proc Roy. Soc. 1863, xii. 536), and knowfi as, 
tne .Kew spectroscope ; and a second, containing eleven hollaw prisms, filled with 
carbonio disulphide, is also described by Gassiot (Phil. Mag [ 4 ] xxviii. 69) Wol- 
cott Gibbs (Sill. Am. Journ. [2}'xxxf 110) has also described a large spectroscope. 
Fig. 772 exhibits the “ Gassiot “ spectroscope with fcrur flint-glass prisms, as mann-i 
facturcd by Mr. Browning of the Mtnories. The arrangement employed by H uggins 
(Phil. Trans. 1864, p. 139), in his researches on the spectra of some of the chemical 
Clements, was similar to that used by Kirchhoff 1 he employed six dispersing and 
:tme reflecting prism; the total deviation of ^jbe light in passing through the train of 
prisms was for the D ray 198°, and the distance the narBier of the 

telescope in passing from one of the D lines to. the other wsjjj*. ^ 



SPtCTRAL ANALYSIS. ’* 

, Wollaston, who discovered theffpxk lines in the solar spectrum, un» fhd Op 
to observe the bright lines in the spectrum of the electric spark ; bu£ F&r*daft 
first asserted that the electric spark consisted solely of the material pa rtidtoj#*W 
poles and of the medium through which it passes Wheatstone, in 1885* Showt*. 
that the spectra produced by the .sparks from different metals were dissimilar, ana* 
he concluded that the electric spark results from the volatilisation and ignition, afid 


Fig. 772. 
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nor the combustion, «&the ponderable matter of the poles itself, as the same 
phenomena were observed list hydrogen. Wheatstone (Abstract Brit, Amo<v 
R eport, 1835) writes at follows, concerning the differences observable in the spectra * 
produced by the poles of different metals: 41 These differences are so obvious, that 
one metal may instantly be distinguished *from another by the appearance of itf 
spark: and we have here a made of 'discriminating metallic bodies, more readily; 
appheable-fveii than a chemical 'examination, which may hereafter be employed foe 
useful purporiw.'* AgmlrS^in 1855 (Phil. Mag. [4] i*. 327), pointed out that a 
m Vo*, v, ; « .7® - . # ; ■ 
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twofold spectrum is always seen when we examine the electric spark, one set of lines 
being derived from the ignition of the particles of air or gas through which the sparks 
pass, whilst the second set is caused by the incandescence of the metallic particles 
themselves. 

~ In order to obtain the spark easily and of the requisite degree of intensity, a power* 
ftil Buhmkorff s induction-coil is used (Van der Wi lligen, Pogg. Ann. cvi. 615 ; see 
also p. 468 vol. ii. of this Dictionary) ; the one employed by Kirchhoff gave, by means 
of a moderately powerful battery, a spark 0*3 metre in length, whilst the coil used by 
Huggins gave a spark 3 inches long. In order to intensify the spark, the ends of 
the secondary coil are placed in contact with the coatings of a large Leyden* 
jar. The electrodes, also of course connected with the poles of the secondary coil, 
consist of the metals under examination, either in the form of wire, or of irregular 
pieces held by forceps on a moveable stand. Many precautions must be taken in 
working, especially with two different sets of electrodes, as it has been found that the 
currents of air, caused by the rapid passage of the electric spark between the electrodes, 
are sufficient to carry over to a second set of electrodes, placed at the distance 
of a few inches, a very perceptible quantity of the materials undergoing volatilisa- 
tion. Hence no separate observation of the two spectra (at any rate where volatile 
metallic compounds are introduced as beads into the spark) can be relied on, unless 
one is made a considerable space of time after the other, and unless all the electrodes 
which have been once used are exchanged for new ones (Roscoe and Clifton). For 
further details of the arrangements, the memoirs of Kirchhoff and Huggins must be 
consulted. 

The positions of the metallic lines have been mapped by Kirchhoff with reterence to 
Ale dark solar lines, whilst Huggins has employed the bright air-lines as a constant 
fcale upon which to note the position of the metal lines ; but both experimenters use an 
arbitraiy scale of divisions, by which the lines can be designated. The following 
^ elements were examined by Kirchhoff : 

1. Sodium. 9. Strontium. 17. Antimony. 25. Aluminium. 

2. Calcium. 10. Cadmium. 18. Arsenic. 26. Lead. 

3. Barium. 11. Hickel. 19. Cerium. 27. Silver. 

4. Magnesium. 12. Cobalt. 20. Lanthanum.* 28. Gold. 

6. Iron. 13. Potassium. 21. Didymium. 29. Ruthenium. 

6. Copper. 14. Rubidium. 22. Mercury. 30. Iridium. 

7. Zinc. 16. Lithium. 23. Silicium. 31. Platinum. 

8. Chromium. 16. Tin. 24. Glucinum. 32. Palladium, 

The spectrum of each of these metals contains a large number of lines, and these 
spectra are much more complicated than the flame-spectra: thus, in the green portion 
alone, there exist no fewer than 70 bright iron lines. Great care is needed, therefore, 
in the discrimination of metals, although it is easy for a trained eye to distinguish 
even such closely analogous metals as lanthanum and didymium, or erbium and 
cerium. In Kirchhoff s maps many of the metallic lines figure as broad bands ; this 
is especially the case with the mercury- and zinc-spectra. 

In KirchhofFs maps the degree of blackness of the solar lines, and the relative in- 
tensities of the metallic lines, are denoted by different shades of the same colour, whilst 
their breadth is likewise represented in the drawing. The maps of the two experi- 
menters do not agree exactly with each other, because Kirchhoff altered the position 
of his prisms several times during the measurements, in order to bring the different 
rays as nearly as possible to the point of minimum deviation, whilst Huggins allowed 
the position of his prisms to remain unaltered. The following metals have been mapped 
by Huggins : 

Ha, K, Ga, Ba, Sr,‘Mn, Tl, Ag, Te, Sn, Fe, Cd, Sb, Au, Bi, Hg, Co, As, Pb, Zn, Cr, 
Os, Pd, Pt. 

In both sets of tables, several of the bright lines of different metals seem to 
coincide: when, however, these cases of apparent coincidence are narrowly 
observed in the instrument, most of the lines are found to show real differences of 
refrangibility ; but the following still remain as unresolved coincidences (on Huggins's 
maps) : 

Zn; As 909 Ha, Ba 1005 Os, As 1737. 

. Ha, Pb 1000 Te, N 1366 Cr, H 2386. 

Future research must prove whether these apparent coincidences are resolved on 
application of a still higher power. 

For a description of the individual spectra of these metals, the above-mentioned 
memoirs and maps must be referred to, as it is impossible, by a brief description, to 
give any idea of the characteristic features of the masses of bright lines constituting 
these spectra. 



SPECTRAL * ANALYSIS, 


m 

T%e long Spectrum of the Electric Light. — Stoke a (Phil. Trans. 1862, p. 599) hits 
examined the spectrum of the electric spark when the lens and prisma are made of 
quarts ; this substance allows rays of high refrangibility to pass, whereas glass cut* 
them all off. These rays are invisible to the eye, but can be rendered visible 
when allowed to fall on a fluorescent body, such as paper moistt ned with quinine- 
solution (iii. 633). On forming a pure spectrum of the electric spark from a Leyden 
jar, and receiving it on a highly fluorescent substance, the existence of rays of light 
was revealed, at a distance from the last visible violet rays, equal to six times the 
length of the whole visible spectrum. Each metal exhibits a peculiar series of these 
bands, and of all the metals, aluminium is found to be the richest in these rays of 
extreme refrangibility. Those rays act chemically, and photographs of the invisible 
metal lines have been made by Miller (Phil. Trans. 1803, p. 1), whilst the same 
observer has determined the photographic transparency of different media (iii. 690). 

Absorption Spectra. — This subject has already been sufficiently discussed (iii. 636). 

It only remains to notice a remarkable phenomenon lutely observed by Bunsen 
(P«gg* Ann. exxxvii. 100) in the absorption -spectrum of didymium. He finds that 
this spectrum undergoes an alteration if it be viewed by polarised light, according as 
the ordinary or the extraordinary my is allowed to pass through the crystal. Bunsen 
also observed differences in the absorption-spectra of the various didymium-salts. 

Projection of the Metal Spectra on a Screen. 

The spectra of the metals can be thrown on a screen by help of a Duboscq’s 
electric lamp (ii. 472). The metal or metallic compound of which it is desired 
to obtain the incandescent vapour, is placed in a small cup hollowed out in tile 
lower carbon ; on making oontAct with a battery of 50 to 60 Grove’s cells, the metal is 
gradually vaporised, and the light passing through the slit and a lens is dispersed by 
two largo prisms filled with carbonic disulphide. A continuously bright spectrum can ^ * 
thus be obtained from the incandescent carbon-points alone, and the presence of tha’ 1 ** 
several metals is indicated by the appearance of characteristic bright bands. In this 
way the bright bands of zinc and copper may bo beautifully shown by volatilising 
brass, whilst silver, tin, and other metais yield their peculiar bauds; the salts of the 
alkalis and alkaline earths, either separately or when mixed together, can also bemads 
to exhibit their bright bands. Tho spectra thus obtained cannot, however, be com- 
pared for purity, fineness of detail, or exactness, with those received on the retinA 
directly from the electric spark, and are therefore unsuited to the purposes of research, 
partly because the optical arrangement is necessarily imperfect, and also because the 
impurities (consisting of sodium, lime, &c.) always present in the gas carbon-points, 
render the spectrum impure. Dcbray lias proposed (Ann. Ch. Phys. [3], Ixv, 331) 
to employ the oxy-hydrogen-flame as the source of heat for tho volatilisation of 
the metals ; tho projected spectra thus obtained are, however, necessarily much inferior 
to the electric spectra in brilliancy and distinctness. 

The spectra of certain solid elements — such as silicon, sulphur, carbon, phospho- 
rus, &c. — cannot be satisfactorily obtained by means of the ordinary electric spark 

either (in tho case of silicon, see Kirchhoff) because they cannot be volatilised, or 
because they yield solid oxidation-products, such as phosphoric pentoxide, giving a 
continuous spectrum. These latter elements must be vaporised, and their rarefied 
vapours ignited by the passage of tho induction-spark through vacuum-tubes. 

Examination of the Spectra of Bodies which are Gaseous at the ordinary Temperatures 
or which require to be heated in Vacuum Tubes. d * 

The spectra of the gases can be obtained either — (11 by passing the electric spark, 
from poles of some metal whose lines are known, through the gas in question, under the 
common atmospheric pressure ; or (2) by observing the spectrum of the induction-spark, 
passing through a capillary tube (by Geissleris tubes, if. 390, 472, &c.) containing the 
gas in an extremely rarefied state. The first of these methods has been followed by 
Airchhoff and Huggins {loc. cit.\ and the second by PJiickcrr. (Pogg. Ann. 
Mars 1868, vol. civ. ; ibid. , Aug. 1858, voL cv. ; ibid.. May 1859, vol. evii. pp. 497* 

6,38 ; also Pliicker and Hittorf, PhtL Trans. 1865, p. 1.) ’ * 

Spectrum of Atmospheric Air. — The air-lines are present with all electrodes, when the 
spark is taken in air at the common pressure. The lines thus obtained, between on# 
set of electrodes of platinum and the other of gold, were observed simultaneously ; those 
lines common to both spectra can be measured as those due to the components of air. 

The spectrum thus obtained remains invariably constant, with reference to the position 
and relative characteristics of the lines, with all the different metals. Tbe air-spec- 
trum varies os a whole^ however, in distinctness, according to the metal employed #9 

s c 
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electrodes, owing to the difference in volatility of the metals, the air in and about the 
electrodes being more or less replaced by the metallic vapours. The air-spectrum is 
made up of the spectra of the following components — nitrogen, oxygen, and hydrogen 
* (from aqueous vapour), ' 

The air-lines have been carefully mapped by Huggins, and are employed 
by him as a scale of reference for the recognition of the lines of the metals; 
Kirchhoff has noted on his maps only a few of the most important air-lines. Gran- 
deau (Chem. News, ix. 66) has observed the spectrum of a flash of lightning, and, in 
addition to the hydrogen- and nitrogen-lines, lie noticed the bright-yellow sodium-line . 

Hydrogen, — The spectrum of hydrogen consists of three bright fine lines — Ha (coin- 
cident with Fraunhofer's C) in the red, H 0 ( coincident with Fraunhofer's F) in the 
bluish-green ; and II y in tho violet. These lines are exhibited both at the ordinary 
and at a reduced pressure. If the rarefaction of the gas be greatly increased, the red 
line II a gradually disappears, whilst H 0 though fainter, remains well defined. When 
the intensity of the spaik is increase*!, the bands H fi and H y begin to enlarge 
(Pliicker); and when tho tension of tho hydrogen is increased to 360 mm., and a 
Leyden-jiir is introduced to raise the temperature, the bright lines are seen to have 
given place to u continuous spectrum. This change is never observed when the spark 
passes through the gas under ordinary pressure. (May this phenomenon nut be due to 
the incandescence of the abraded solid particles of the glass of the lino thermometer- 
tubing, or of tho platinum-electrodes ?) 

The hydrogen-lines may likewiso he obtained by passing the spark through a 
vacuous tube containing a trace of aqueous vapour, tho water being decomposed. 

Nitrogen. — The spectrum of nitrogen, taken by a spark through air at the ordinary 
pressure, is a very complicated one, and especially characterised by an alternation of 
bright lines and dark spaces in tho red, and a succession of bands in tho violet. With 
puro nitrogen il few of the lines of the air-spectrum are warning, but no new lines appear, 
and tho air-linos which remain in nitrogen preserve unaltered their relative bright- 
ness and their distinctive characters. (Huggi n s.) * 

Pliicker and Ililtorf have made some rcmarkablo observations on certain changes 
which the nitrogen -spectrum, obtained when the gas is highly rarefied, undergoes on 
intensifying tho current. Thus, like other gases, nitrogen in the state of greatest 
r;ii$*factioii does not allow the induction-current to pass ; but when its tension is only 
a fraction Of a millimetre, the current begins to puss, and the gns becomes luminous. 
Helow a certain limit of temperature, nitrogen thus ignited emits a golden-coloured 
light, giving a spectrum of bands ; above this temperature the colour becomes bluish- 
violet, and a new spectrum of bands appeal’s. If a Leyden-jar be added in the circuit, 
tlm temperature rises to a second limit, a brilliant white light is emitted, and the 
spectrum is again changed to on© of bright lines on a dark ground; and these linos do 
not alter in position on further increase of tomperature, though the brilliancy of all 
dons not increaso iu tho same ratio. Those spectra which consist of larger bands, 
showing various appoaranees from being differently Blinded by fino dark lines, are 
called by Pliicker 44 spect ra of the first order,” whereas those formed by bright lines 
on a dark background, or the true spectra, ho terms “spectra of the second order.” 
The nitrogen-spoctrum of the socond order is doubtless that of the air-spectrum. 
Pliicker explains these differences by tho assumption of soveralallotropic modifications 
of the dement existing at the various temperatures. 

Oxygen. — It is difficult to obtain all the lines of the oxygen-spectrum ; some of them, 
however, have been tubulated by Huggins. Pliicker, operating as with nitrogen, got 
only on© “ secondary ” spectrum of oxygen, although tho lines appeared to expand so 
as to form a continuous spectrum at tho highest temperature. Huggins finds that 
several lines aro apparently common to oxygen and nitrogen, but he regards them as 
due to the superposition in the air-spectrum of lines of oxygen and nitrogen. 

Sulphur . — The flame of sulphur burnt in common air gives a continuous spoctrum ; 
if a small quantity of sulphur be introduced into a Geissler’s tube, which is then 
evacuated by a Geissler’s exhauster and sealed, the • sulph ur^peetr um is seen on passing 
the spark if the tub© be warmed. A band-spectrum of the first order is seen at a 
low temperature, but this changes on continuing to heat the tube, and a spectrum of 
bright-coloured lines becomes visible. These two spectra are figured by Pliicker 
and Hittorf (loc, tit.). 

■ Selenium yields two spectra like sulphur. 

Phosphorus, treated like sulphur, yields a spectrum of the second order. The bright 
lines characteristic of phosphorus are a triple line in the orange, and two bright lines 
in the green. These gTeen bands may also be seen by observing the spectrum of the 
green spot which makes its appearance in the interior of a hydrogen-flame, when 
the slightest trace of a phosphorus-compound is placed in contact with the dissolving 
qinc. (Christofle ana Beilstein, Compt. rend. Ivi. 399.) 
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; Arsenic also yields « well-defined spectrum when treated like sulphur and plios- 
pborus. 

Chlorine, bromine, and iodine yield spectra with bright lines, none of which are 
coincident. Drawings of these three spectra are given in Pliicker and Hittorifs 
memoir. * 

In these cases of bodies whose spectra change from bands (first spectrum) to bright 
linos (second spectrum) on increase o*' temperature, it is found that on cooling a re- 
combination of the elements occurs, and ihe spectrum of the compound reappears 
(Pliicker). Alexander Mi t&cherlich (Pogg. Ann. exxi. 469; Phil. Mug. [4], 
xxviii. 169) hits examined the spectra of the elements and their compounds. He arrives 
at the conclusion (already referred to), that compounds whose vapours can be heated up 
to incandescence without undergoing decomposition, yield spectra different from those 
of their elementary constituents. The salts of the greater number of the metals (as, 
for instance, K, Na, Li, Mg, Zn, Cd, Hg, and Ag) decompose at so low a temperature, 
that the compounds of these metals always yield the metallic spectrum. Certain 
metallic salts (such aa those of copper) require for their decomposition so high a tem- 
perature, that the truo mctal-spectriiin can only be obtained when the solid compound 
is used as the electrode ; whilst other compounds, such as those of calcium, strontium 
and barium, are partially decomposed at the temperature of the flame of a Hudson’s 
gas-lamp. The spectra of tho elements consist of bright lines, those of their com- 
pounds of broad bands with narrow dark spaces (see ante), and this division would 
correspond to FI ucker’s division nf the first and second order of spectra. Mitscherlich 
observed (like Pliicker) that iodino in tliu spark shows bright, lines, whilst in tho 
hydrogon-llamo it exhibits broad bands ; and hcnco he draw's certain conclusions 
respecting tho probable compound nature of this body. At. present, however, we 
know so little of \he state of combination into which bodies in the flame may enter 
(]>ossible formation of hydriodic acid, for example) that such speculations seem pre- 
mature. Mitscherlich has also added some singular and somewhat improbable specula- 
tions concerning a supposed relation between the atomic weights of the haloid com- 

} >ounds of barium, and the distance, on an arbitrary scale, read off between the chief 
inos of their spectra. 

Carbon . ■— Carbon itself, when ignited, always yields a continuous speotruqg^ but 
tlie spectra obtained by tho combustion of tho various carbon-compoumjs consist of 
complicated bright bunds, and appear different from one another. Swan (hid. Phil. 
Trans, xxi. 411) was the first, in lKo6, to examine tho lines in the spectrum of the flame 
of liunsoii's gas-lamp, and of the flames of many hydrocarbons. ]n tho blue portion of 
the gas-tlame, .Swan observed four bright-blue lines, and these lines appeared in tho 
flame of a large number of hydrocarbons, their position remaining unaffected by alter- 
ation in thu composition of the burning body, either in carbon, hydrogen, or oxygen. 
Swan adds careful measurements of the position of these linos. A ttfield (Phil. 
Trans. 1862, p. 221 ) examined the lines in tho non-illnminatiiig flumes of burning hydro- 
carbons ; ho obtained similar results to Swan, but observed a larger number of lines. 
He attributes these lines to the glowing vapour of carbon, as all tho carbon-compounds 
appeared to give the same spectra. P 1 ii c k t*r and II i 1 1 or f obtained different spectra 
from different carbon-compounds, especially when their particles were heated in Oeissler's 
tubes. They found that all the lines obtained by all tho various carbon-compounds 
existed in the cyanogen-spectrum, but they express themselves unable to explain fully the 
various types of spectra of carbon. Dibbits (Pogg. Ann. exxii. 497) also found are- 
markable difference between the spectrum of a hydrocarbon and that of cyanogen burn- 
ing in oxygen. 

The flame issuing from the Bessemer-steel converter, and especially that seen when 
the specular iron is poured into tho molten iron, exhibits the carbon-lines most vividly 
(Koscoe). Huggins has observed, that when air conta'ns some quantity of carbonic 
anhydride, several new lines are seen in the aiT-spectrum, and these coincide with the 
spectrum of graphite; one of tho strongest and most characteristic of these is a red line, 
rather less refrangible than the hydrogen-line, and this may be used as a test of the 
presence of carbonic anhydride. 

Solar and Stellar Chemistry. 

Fraunhofer, in 1814, examined the relative positions of thedark lines observed in 
the spectra of the Moon and Venus (reflected sunlight), and found that in the spectra of 
both these sources of light, the dark lines were identical in number and position with 
those seen in the solar spectrum. Fraunhofer saw in Venus-light the double D lines, 

6 also was seen double, and the relative distance from D to E and from E to F was 
the same in the Venus as in the Solar spectrum. He also examined the light given 
off by the brightest fixed stars (Sirius for instance), and found that lines or bands 
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bright lines, concluded that sodium -vapour is present in the solar atmosphere. I a 
order to determine with certainty whether the bright lines of any other metal w ere 
coincident with solar lines, KirchhofF mapped the solar lines with great care^Ptad 
compared their position with the bright metal lines. Fig. 773 gives a representation 
of his drawings of a very small portion of the spectrum between b and F, showing the 
coincidences of many metallic lines. In thus examining the two spectra, KirchhofF 
found that dark lines occur in the solar spectrum in the positions of all (about 80) 
the bright iron lines, and he believes that each of the coincidences thus observed may 
be at least as well established as that of the sodium-lines with the D line was up to the 
present tizpe. Kirchhoff proceeds to calculate, from the average distance between each 
of the lines, and their number, the probability that this coincidence is a mere work of 

chance: this ho finds to be less than (A) 60 , or less than J . 

’ 1 , 000 , 000 , 000 , 000 , 000,000 
This probability is increased by the fact that the brighter a given iron line is .seen 
to be, the darker, as a rule, does tho corresponding solar lino appear. Honce this 
coincidence must be produced by some cause, and a cause can be assigned which affords 
a perfect explanation of the phenomena. It is explained, if we suppose that the rays 
of light which wo thus examino have at one time been rays of all degrees of refrangi- 
bility, such as wo get from the Hrummond’s light; that this light has passed through 
the vapour of iron ; and that this iron-vapour, absorbing exactly the same kind of light 
which it is capable of omitting, produces the dark lines which we observe. The 
vapour of iron causing these dark lines, may bo present either in our own atmosphere, 
or in that of the sun. It is, however, very unlikely that there can be sufficient 
iron-vapour in our atmosphere to effect this alteration, and we observe that the star- 
light also passing through our atmosphere differs essentially from sunlight; whilst, on 
tho other hand, it does not seem unlikely, owing to tho high temperature which 
wo must suppoeo the sun’s atmosphere to possess, that such vapours should be present 
in it. “ Honco,” says KirchhofF, “ the observations of tho solar spectrum appear to 
mo to prove the presence of iron-vapour in the solar atmosphere, with as great a 
degreo of certainty as we can attain in any question of natural science.” 

As soon as the existence in the solar atmosphere of one terrestrial element has boon 
discovered, the comparison of the spoctra of other metals is immediately suggested, as 
it is reasonable to suppose that other bodies well known on this earth may in like manner 
be found to bo present in tho sun. In this way, coincidences were found to exist 
between the solar linoH and those of tho following metals ; and although the number 
of these coincidences for each of these metals is amallor than was observed with iron, 
yet they aro so characteristic and distinct, as to leavo no doubt of tlio presence of 
these metals in the solar atmosphere : — 


1. Sodium. 

2. Calcium. 

3. Barium. 

4. Magnesium. 
6. Iron. 


6. Chromium. 

7. Nickel. 

8. Copper. 

9. Zinc. 


10. Strontium. 

11. Cadmium. 

12. Cobalt. 

13. Hydrogen. 


There is some dogreo of dotibt about strontium, cadmium, and cobalt, either because 
only a few coincidences have been observed, or because one or more prominent metal 
lines have no dark representative in the solar spectrum. The following elements 
Appear to be absent from the solar atmosphere : — 


1. Gold. 

2. Silver. 

3. Mercury. 

4 . Aluminium.* 

5. Rubidium. 

6. Tin. 

7. Potassium. 


8. Lead. 

9. Antimony. 

10. Arsenic. 

11. Lithium. 

12. Silicium. 

13. Glndnum. 

14. Cerium. 


15. Lanthanum. 

16. Didymium. 

17. Ruthenium. 

18. Iridium. 

19. Palladium. 

20. Platinum. 


Hydrogen has boon shown by Angstrom and Pliicker to bo present in the sun’s 
atmosphere. The cause of many of the best-known of the Fraunhofer’s lines has thus 
been already ascertained : 

The line C is caused by hydrogen (A ngstrom). 

„ „ D „ „ sodium (Kircnhoff). 

» » E »» n iron . it 

», n C „ „ magnesium „ 

>, „ F and G „ hydrogen „ 

„ „ II „ ■ „ aluminium (Angstrom). 

* According to Angstrom, a line of aluminium correspond* to Fraunhofer's H. Kirckhoff's maps do 
not extend so far as this. 
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It is not, however, to be supposed that the whole of the dark lines are produced by 
absorption in the solar atmosphere; there are certain lines or bands which are doubt- 
less produced by absorption in our own atmosphere. This ia ascertained by the fact, 
that these bands increase in darkness, and new ones become apparent when the sun 
approaches the horizon, and the light has to pass through a deeper column of air. 
These air-absorption linos have been studied, and many of them mapped, by Brewster 
and Gladstone (Phil. Trans. 1860, p. 149). Several have also been mapped by 
Hofmann, q,nd described, in Kirchhoff’s second memoir; of these some were found to 
be coincidentj^rith the brightest lines of the air- spectrum, obtained with the spark. 

The increase or otherwise of these atmospheric absorption-lines has been applied 
by Huggins and Miller (Phil. Trans. 1864, p. 420) to the investigation of the 
, question as to the existence of a lunar atmosphere ; not the smallest change could he 
observed in the lines of the spectrum, either as respects relative intensity, or in the 
addition or .disappearance of any lines when the moon’s spectrum was examined. 
Hence the^ result of the spectrum-analysis of the light reflected by the moon is wholly 
negative as to the existence of any considerable lunar atmosphere. The light 
reflected from Jupiter exhibits, on the Other hand, a distinct difference, especially from 
direct sunlight, inasmuch as, especially, one band in the red is aeon to appear in light 
reflected from this planet. Hence spectrum-analysis confirms astronomical observation 
in the conclusion that Jupiter possesses an atmosphere of considerable density. 
Seme of the lines in Saturn-light, although much weaker, appear to ho the same as 
those seen in the spectrum of Jupiter. Mara does not exhibit the lines characteristic 
of the atmosphere of Jupiter and Saturn ; groups of lines appear in the blue portion of 
the spectrum, and these, by causing the predominance of the red rays, may be the 
cause of the red colour which distinguishes tho light of tins planet. Venus showed 
no additional lines. 

In the case of most of the planets, the solar light is probably reflected, not from tho 
planetary surfaco, but from clouds at some elevation above it; under such circum- 
stances, tho light would not bo subjected to the absorbent action of the lower and 
denser portions of the planet’s atmosphere ; and it is precisely these in our atmosphere, 
which arc most effectual in producing the so -called atmosj .heric lines. (Huggins.) 

M. Janssen has lately (Compt. rend. lvi. 638; lx. 213) obtained tho eompleto 
absorption-spectrum of aqueous vapour, by passing the rays from a gas-flaiue through 
a tube 40 metres long filled with high-pressure steam. Ho has observed the coincide hen 
of a very large number of these uqueous lines with lines observed in the solar 
spectrum, especially when the Bun’s altitude is low; and henco ho lias proved that 
these atmospheric lines are due to the presence of aqueous vapour. Janssen has also ob- 
served the existence of these lines in light reflected from Jupiter and Saturn, and heuco 
it appears very probable that tho atmospheros of those planets contain aqueous vapour. 

A most interesting confirmation of tho accuracy of Kirehhoff’s drawings of tho 
dark lines has recently been made by Rut her ford of New York, who lias succeeded 
in obtaining most exact photographs of tho solar spectrum, on a scale nearly equal to 
that of the drawings ; and on comparing the two, tho correspondence of line for line is 
so complete, that it requires a close examination to detect differences which, however, 
are visible on careful inspection. 

For details concerning tho physical constitution of tho Bun, we must refer tho 
reader to the original memoirs, us the questions at issue become purely physical and 
astronomical. The following extract from Kiieh huff's first memoir must suffice as 
giving his views on the subject : — 

“ In order to explain the occurrence of the dark lines in the solar spectrum, we must 
assume that the solar atmosphere encloses a luminous nucleus producing a continuous 
spectrum, the brightness of which exceeds a certain limit. The most probable sup- 
position that can be made respecting the sun’s constitution, is that it consist s of a 
solid or liquid nucleus, heated to a temperature of the brightest whiteness, surrounded 
by an atmosphere of a somewhat lower temperafuro. This supposition is in accordance 
with Laplace's celebrated nebular hypot hesis- respecting tho formation of our planetary 
system. If the matter now concentrated in the sevoral heavenly bodies existed in 
former times as an extended and continuous mass of vapour, by the contraction of 
which sun, planets, and stars have been formed, all these bodies must necessarily possess 
mainly the same constitution. Geology teaches us that the earth once existed in a 
state of fusion ; and we are compelled to admit that the same state of things has 
occurred in the other members of our solar system. The amount of cooling which the 
various heavenly bodies have undergone, in accordance with the laws of the radiation 
ot heat, differs greatly, mainly owing to difference in their masses. Thus, whilst the 
moon has become cooler than the earth, the temperature of the sun has not yet sunk 
below a white heat. Our terrestrial atmosphere, in which now so few elements are 
found, must have possessed, when the earth was in a state of fusion, a much more 
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complicated composition, as it then contained all those substances which are volatile 
at a white beat The solar atmosphere at present possesses such a constitution” 

[On the physical constitution of the sun, see “ The Heavens ” hv Guillemin and 
Lockyer (Bentley, 1866), p. 17, &c. ; Brayley, in Companion to the Almanac for 1864 
and 1866 ; Memoirs by Carrington and by De la Rue, Stewart, and Loewy.] 

Stellar Chemistry . 

It has already been stated, that Fraunhofer was aware that the star-spectra differed 
from the spectra of the sun, mood, or planets. In 1862 Don ati published diagrams 
of three or four lines in fifteen store ( Intomo alls strie degli spettri steUari , II Nuovo 
Cimento, xv. 292), but the position of these lines did not correspond with 
Fraunhofer’s results. In February 1863, Huggins and W. A. Miller communicated 
to the Royal Society some measurements of the lines in Sirius, Aldebaran, and a 
Ononis, whilst Rutherford about the same time made similar observations (Sill. Am. 
Journ. xxxv. 71). Seech i (Astronomische Nachrichten, 3. Marz 1863) also measured 
a few lines, as also did the Astronomer Royal (Monthly Notices, xxiii. 190). By far 
the most complete and accurate investigation of the stellar spectra is that by Huggins 
and W. A. Miller (Phil. Trans. 1864, p. 413). The investigation was carried on 
at Mr. Huggins’s observatory, and the spectroscope, containing two prisms having each 
a refracting angle of 60°, is fixed to an 8-inch refracting telescope by Alvan Clarke. 

In order to obtain evidence of the presence of dark lines in the stellar spectrum, the 
line of light obtained as the spectrum of the luminous point required to be spread out 
to a band; this was effected by a cylindrical lens placed within the focus of the object- 
glass, and immediately in front of the slit of the collimator of the spectroscope. The 
apparatus, when adjusted, is powerful enough to show the fine nickel line within the 
double D line in the solar spectrum. A micrometer movement is attached to the 
spectroscope, by which the position of the lilies can be determined to within the 
part of the distance of A to H. 

Such measurements are, however, not sufficient to determine the chemical constitution 
of the stellar atmosphere ; this can only be done by direct comparison with the metallic 
spectra, and hence arrangements were made for throwing the light from a flame or from 
the electric spark into the instrument, so that the two spectra are seen at once. 

The following gives the results of careful comparison of the spectra of Aldebaran 
and Betelgeux (a Orionis) with bright lines of the metals : 

Axdebauan. 

Coincident Elements. Non-coincident Elements. 


1. 

Hydrogen with 

lines C and F. 

Nitrogen with three lines. 

2. 

Sodium 

>i 

double line D. 

Cobalt „ 

two lines. 

3. 

Magnesium 

it 

triple lino b. 

Tin ,, 

five lines. 

4. 

Calcium 

H 

four lines. 

Load „ 

two lines. 

6. 

Iron 

it 

four lines and E. 

Cadmium „ 

three lines. 

6. 

Bismuth 

ii 

four lines. 

Barium „ 

two lines. 

7. 

Tollurium 

»» 

four lines. 

Lithium* „ 

one line. 

8. 

Antimony 

» 

three lines. 

Seventy 

lines measured. 

9. 

Mercury. 

ii 

four lines. 


Betelgeux 
Coincident Elements. 

1. Sodium with double line D. 

2. Magnesium „ triple line b. 

3. Calcium „ .four lines. 

4. Iron „ three lines and £. 

6. Bismuth ,, four lines. 

6. Thallium (?) 

Non-coincident Elements. 
with C and F 
„ three lines. 

Fig. 774 is a copy of Huggins and Miller’s drawing of the spectra of Aldebaran and 
of Betelgeux (half original size). 

The seventy or eighty lines measured indicate only some of the stronger of the 
numerous lines which are seen in the spectra of these stars. “ Some of these are pro- 
bably due to the vapours of other terrestrial elements which have not been compared 
with these stars. It would be assumption to suppose that the sixty-five so-called 
elements constitute the eutire primary material of the universe. Doubtless in the 


Hydrogen 

Nitrogen 


(a Orionis). 

Non-coincident Elements (cont.) 
Tin with five lines. 


Lead 

Gold(?) 

Cadmium 

Silver 

Mercury 

Barium 

Lithium 


two lines 


three lines 
two lines, 
four lines, 
two lines, 
one line. 
Eighty lines measured. 
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if the stare thfe chemist is introduced to mgny new elements— would that it 
were^possible for him to recognise and to isolate them I” (H u g g t n s.) 

In only two out of fifty stars examined were the lineB of hydrogen, C and F, found 
absent ; these are a Orionis and fi Fegosi : 


& Pegaai contains sodium, magnesium , perhaps barium, 
Sirius „ „ lf iron, hydrogen, 

n Lyrae (Vega) „ „ „ „ „ 

Pollux f, ,, „ m w 


All the stars which have been examined yield spectra containing dark lines, star 
differing from star only in the grouping and arrangement of the numerous fine lines 
which cross their spectra. . Hence the physical constitution of the fixed stars resembles 
that of our sun ; the source of their light is solid or liquid matter in a state of incan- 
descence, and this nucleus is surrounded by An atmosphere of the vapours of such of 
the elements of the star as are volatile at their high temperature. The results already 
obtained respecting the chemical composition of stellar atmospheres have an interesting 
bearing upon Laplace’s nebular theory, as these results appear to show that the 
visible universe is composed mainly of the same elementary constituents, many of 
those known on this earth being found in the far-distant stars. 

These spectrum-observations also lead to the presumption, that the well-known dif- 
ference in colour observed in the stars may be caused by a difference in the chemical 
constitution of the stellar atmospheres, causing a variation in the absorption of tho 
white light of the nucleus, and thus giving a difference in the colour to the starlight as 
seen by us. 

One of the most interesting and extraordinary of astronomical observations ever 
made with respect to tho stars has lately been doseribod by Huggins and Miller 
(Proc. Roy. Sue. xv. 146, May 17, 1866). On the evening of May 15, Mr. Baxen- 
dell, of Manchester (an authority on variable stars), observed a new star. “ This, "he 
says, “ suddenly burst forth in Corona. It is somewhat less than a degree distant from 
E of that constellation in a south-easterly direction, ami last night (May 16) was 
fully equal in brilliancy to 0 Serpcntis or v Hercules, both of the third magnitude ; ” 
and Mr. Uaxendell describes the star as exhibiting a nebulosity, ** oa if the yellow of 
the star wore seen through an overlying film of a blue tint." On examining the light 
of the star, Huggins found that its spectrum was unlike that of any cel estia||., body 
hitherto examined. Tho light of the star is compound, and ha* emanated, as Uaxendell 
surmised, from two sources. Each light forms its own spectrum, and these two spectra 
appear superposed in the telescope. Tile chief spectrum is analogous to that of the 
sun, consisting of dark lines on a bright background, caused by light from a glowing 
nucleus parsing through an absorbing atmosphere ; the second spectrum consists of 
a few bright lines, indicating that the light is formed by matter in tho condition of 
incandescent gas. Tho spectrum of this star is represented in fig. 776. 


Fig, 775. * 



The brightest of the bright bands coincided with Fraunhofer’s F, and therefore with 
the bine hydrogen-band ; on account of the faintness of the red end of the spectrum, 
the coincidence of the red band with the red hydrogen-line could ribi be determined 
with equal certainty, though it is probable. The physical constitution of the star, as 
thus seen, must be very remarkable ; it must consist of a solid nucleus *nd gaseous 
atmosphere, like an ordinary star, together with a separate outburst of ignited gas 
(probably hydrogen). The luminosity of the star quickly diminished, and on May 24 it 
had become as* low as the eighth magnitude ; the bright bands were seen gradually to 
disappear, whilst the other spectrum remained. Hence tho bold speculation suggests 
itself that large quantities of gas bare been evolved by some vast convulsion; that this 
gas (hydrogen), by burning, was heated to incandescence, and that this bested the 
whole solid matter and photosphere -of the star, but that, as the hydrogen becomes 
exhausted, all the phenomena diminish in intensity, and the star rapidly wanes. 
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Spectra of the Rebut# (Huggins, PhiL Trans. 1861, p. 437). — The special ex* 
am i nation of the bodies known as planetary nebulae has proved that their constitution 
% is totally different from that of sun, planets, and fixed stars. They are all found to 
yield a spectrum consisting entirely of bright lines, without any continuous spectrum. 
Thus a bright nebula in I)roco(No. 4373) gave, on careful examination, a spectrum 
consisting of one brighfcdine coifiodent with the brightest of the air (nitrogen) lines, a 
second less brilliant lnB uearly coincident with a green barium-band, and a third still 
more refrangible lino very much fainter, and coincident with one of the hydrogen-lines, 

vi/. F of Fraunhofer ; a very 
faint and scarcely visible con- 
tinuous spectrum was just per- 
ceived on each side of the 
group of bright lineB, due 
probably to the Solid or liquid 
matter of the nucleus, which 
in this nebula is visible by 
its greater luminosity in the 
centre. A second bright ne- 
bula in Taurus Poniatowskii 
(No. 4390) exhibited the same 
spectrum as the last-mon- 
tionod nebtilnp, and six other nebula? showod either some or all of these same three lines. 
Of the sixty nebula? examined by Huggins, about one-third exhibited these bright 
lines, whilst about forty, when spread out by the prism, yielded spectra apparently 
continuous. It is evident, from these observations, that many of the nebul© can 
no longer be regarded as aggregations of suns, after the order to which our own 
sun and the fixed stars belong. We have in those objects no longer to do wiili 
a special modification only of our own type of suns, but find ourselves in the 
presence of objects possessing a distinct and peculiar plan of structure (Huggins). 
A question of great interest next, presented itself — viz., do those nebulae, which have 
certainly been resolved by the telescope into star-dusters, exhibit a spectrum which 
shows the source of light to, bo glowing gas? For this purpose Huggins examined 
the celebrated nebula in thu s word-handle of Orion (Proc. Roy. Soc. 1865, p. 39). 
Tho light from the brightest part of the nebula, near the trapezium, was resolved by 
the prisms into three bright lines, similar in all respects to those of the other gaseous 
nebula?. Wlion tho stars of the trapezium were brought into tho slit, a continuous 
spectrum was at oneo seen ; but the whole of the nebula emits tho eamo kind of light, 
differing only in intensity. Tims, whilst the evidence afforded by the largest telescopes 
appears to bo that tho brighter parts of this nohula consist of a u mass of stars/' tho 
conclusions drawn from n prismatic analysis of the light, is that these luminous points 
are not stars, but mosses of gaseous matter. Conclusions retorting the distance of 
these nebulae, founded upon the erroneous supposition that they' consist of stellar 
masses, must therefore bq given up, as far at least as concerns the nebula? which are 
proved to be gaseous. 

Comets *—' The light of comets has hot escaped the searching investigation of Hug- 
gins’s spectroscope (Proc, Roy. Soc. xv. 6 } Jan. 1866). He finds that the spectrum of 
Comet I. W66 consists of a broad continuous spectrum, with a bright point about 
midway between 6 and F in the solar spectrum, and coincident with the bright nitrogen- 
line observed in ttmy nebulae. Hence we learn that the light from the coma of this 
comet is different from that of its nucleus. The nucleus is self-luminous, and the matter 
oi wh'ch it consists is in the state of ignited gas. As we cannot suppose the coma to 
consist of incandescent solid matter, the continuous spectrum probably indicates that 
it shines by reflected sunlight, and this appears to be in accordance with observations 
on the polarisation of light in tho tails of some comets. (Bond.) 

Miteore. — Mr. Alexander Horschel has recently succeeded in observing the spec- 
trum of a bright ihoteor, and also the spectra of some of the trains which meteors leave 
behind them. A remarkable result of his observations is, that sodium exis ts in the 
Btate of luminous vapour in the trains of most meteors. 

The results of the examination of the spectra of the stellar bodies may be shortly 
summed up in the words of Mr, Huggins (Lecture at Nottingham Meeting of the 
British Assoc. 1866) : * 

1. All the brighter stars, at least, have a structure analogous to that of the sum 

2. The stars contain material elements common to the earth and sun. 

3. The colours of the stars hare their origin in the chemical constitution of tho 
atmospheres which surround them. 


Fig. 776. 
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4 The changes in brightness of some of the variable stars are attended with changes 
in the lines of absorption of their spectra. 

5 Xbe phenomena of the star in Corona appear to show that in this object at least, 
neat physical changes are in operation. 

6 . There exist in the heavens true nebttla. These objects consist of luminous gas. 

7 . The material of comets is very similar to the patter fit gaseous nebulse, and may 

be identical with it. . W 

8 . The bright points of the star-clusters may not be in all cases stars of the same 

order as the separate bright stars. «* H. E. R. 

BPSCVLAB EPOMT. Syn. with rod haematite, or native ferric oxide (iii. 338, 339). 

BncmTTM MITAXt. An alloy of tin and coppift, with a small proportion of 
arsenic, sometimes also containing zinc. (See Coppkb, Alloys of, ii. 44.) 

8 PBZ88. A mixture of the sulphides, arsenides, or antimonides of nickel, iron, 
and copper, which collects at the bottom of the pot when ores of cobalt or load, 
containing sulphur and arsenic or antimony, are melted with fluxes. The term is 
applied chiefly to the nickcliferous product* which is obtained in the preparation of 
smalt (p. 313), and used as a source of nickel. 

8 PXLTBR. A commercial name of zinc, 

8PBXMACETX. The fatty substance found in peculiar cavities in the head of 
the sperm-whale ( Phymter macroctphalas), also of Ph. Tarsia and others, and of the 
Jkiphinus nlentufus, being kept in solution in the sperm-oil by the heat of the animal's 
body, and crystallising out after death. It is freed us much as j>ossible from oil by 
flit rat ion and by treatment with potash-ley, and then melted. The fused and solidified 
nniM, constituting the spermaceti of commerce, is white, scaly, brittle, soft to the 
touch* of specific gravity 0*943 at 16° (0*843 at 50°, 0-824 at 81°, 0*813 at M 6 , the 
specific gravity of water at 15° being tukon as 1 — Sauasuro); melting-point from 
38^ to 47 °; neutral, inodorous* and nearly tasteless. 

Spermaceti is also found in small quantity in the blubbor of the.Bahrna rostral a 
(Seliarl i ng, J. pr. Client, xliii. 237) and, with but slightly different properties, in 
the oil of Dilpftinm ylfrtncem. (Chovreul.) 

When spermaceti is frets! from adhering sperm-oil by means of cold alcohol, and 
the residue repeatedly crystallised from hot alcohol, tho spermaceti-fat (or cut in of 
Chovreul) is obtained. This may bo still further purified by crystallisation from 
boiling other (i. 838). 

SPERM-OIL. This oil occurs, together with spermaceti — from which it is 
separated by mechanical means— in tho head of Physetcr macrocrphalu*, &c. 

When freed as completely aa possible) from admixed spermaceti-fat, by leaving the 
latter to crystallise out, it is neutral, remains liquid nt 18°, is saponified with 
ilifticulty by potash, and yields by that process the same fatly acids ns spermaceti -fat ; 
but instead of (‘that neutral product melting at 23° (Chevreul, Jtecherches, p.237). 
Sperm-oil appears to be isomeric with spermaceti-fat or cetin (S ten house). — The oil 
which runs off from the spermaceti-fat solidifies almost completely at 0 °, to a compact 
light-brown mass, in consequence of still retaining spermaceti-fat. When saponified it 
gives off ammonia, with traces of rnothylamine, and yields physetoleic acid (iv. 634), 
valerianic acid, small quantities of solid fatty ucids, with a small quantity of glycerin. 
(Kofst&dter.) * 

8 P 8 XKATZC F&VZB. The sexual secretion of tho mule, supplied mainly by the 
textr.8, but receiving some of iu constituents from other glands (prostate, &c.)-— a ropy, 
whitish, neutral or fuintly alkaline fluid, of a peculiar odour. It contains remarkable 
minute locomotive bodies called spermatozoa (tho essential agents of fecundation), 
swimming, together with Bperm-corpusclrs, mucus -corpuscles, and epithelium-scales, 
in an albuminous medium. The spermatozoa, which are but very slowly affected by 
processes of decomposition, and whose movements are variously modified by Baline 
solutions of various degrees of concentration, and by other chemical agents, are rich in 
protagori, and appear to be composed* in part at least, of some albuminoid substance; 
but they offer great resistance to reagents, and lose their outlines only in warm con- 
centrated solutions of caustic alkalis. The fluid in which they swim contains an 
albuminoid matter, resembling to some extent both mucin and casein, to which the 
name of spermatin has been given. It is coagulated by alcohol* but not by heat ; 
acetic acid produces a precipitate which is soluble in an excess of the reagent, but can 
be reprecipitated from the acid solution by ferrocyanide of potassium, Spermatin when 
dried becomes insoluble in water, but soluble in dilute alkalis, from which it may be 
precipitated by the addition of concentrated solutions of the alkaline carbonates. 
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Spermatic fluid is rich in salts, especially in earthy phosphates ; aystafe of di- 
phosphate veiy speedily appear in decomposing specimens. According to Kflilio W 
100 parts of the spermatic fluid of the ox contain 17*04 solid matters, of which lg-n 
are albuminoid and extractives, 216 fat, and 2*637 salts. The secretion of the prostate 
of the dog contains, according toBuxmann (Henle und Meissner’s Bericht, 1864 
p. 286) 98-5 per cent, of water, 4*5 per cent., and nearly 1 per cent, of chloride of 
sodium, together with small quantities of sulphate and phosphate of potassium Hnd 
calcium. M. F. 

0PS88AB TZV. Manganese garnet (ii. 772). 

SPaJEm DSttBTA. This fungus yields (? air-dried) 6‘5 per cent, of an 
alkaline ash, containing ferric oxide and a large quantity of silica. Moderately 
dilute hydrochloric acid extracts from the plant about ha If its fixed constituents, 
leaving a dark-brown or black residue, which withstands the action of all concentrated 
mineral acids (except nitric acid), imparts only a slight colour to boiling potash-ley, 
and yields (dried at 120°, and calculated upon the substance free from ash), 61*6 per 
cent. C, 4*6 H, V2 N, and 33*2 O. The fungus yields, by dry distillation, an acid fetid 
distillate. (A. and W. Knop, Pharm. Oentr. 1861 , p. 648.) 


BPHJSMOCOCCTTB LXCHfiVOIDES. According to Con nermann and 
Ludwig (Arch. Pharm. [2] ex i. 204), this alga (from Ceylon) contains in its cells 
true starch-grains i, which are at first coloured yellowish by iodine, and turn blue only 
on warming. 


SPBAONUM. A dub-moss which grows chiefly on peat-moors, and often 
plays an essential part in their formation. Sph. acutifolium contains, according to 
C. Sprengel (JT. techn. Chem. xv. 32), 3*05 per cent, ash (a); according to Vo hi, 
(Ann. Ch. Pharm. cix. 185), the same from a high moor in the Canton of Zurich 
contains 0 92 per cent, of ash (b) ; and Sph. cuspidatum , from Upper Bavaria, 
contains, according to WittBtein (Jahresb. 1802, p. 610), 2*014 per cent, ash, 
composed of — 


K20. Na20. CaO. MgO. A1?0*. F«203. SOS. P?oa. 8102. C02. Cl. NaCI. 

Sph. acutifolium (a). 10 9 13*9 . . 8-8 8 4 7 0 4 0 . . 43 8 . . 11*2 . . =100 

„ „ (*). 8 03 1*84 a-IT 4*92 0 89 638* 4*33 1 06 41*69 .... 19 93 = 9719 

„ cuspidatum. 489 6*37 14 06 3*02 3*84 10*35 3*1G 2*79 39*92 6*97 . . 4 96=99*33 

BPHAXi&RXTB. Syn. with Blende. (See Zinc.) 

■PBV1TB. A calcic silico-titanate, occurring in monoclinic crystals having the 
axes a : b : c = 1*326 : 1 : 0*6678 ; angle of inclined axes ( b , c ) 60° 27'*, ooP : oeP 

113° 28’; oP : Poo *= 169° 34'. Cleavage sometimes distinct, parallel to ooP; 
less distinct, parallel to the orthodiagonal and to — P. The mineral sometimes 
also occurs massive, rarely lamellar. Hardness =■ 5 — 5*5. Specific gravity = 
3*4—3*56. Lustre adamantine to resinous. Colour brown, grey, yellow, green, and 
black. Streak white, slightly reddish in greenovite. Transparent to opaque. Brittle. 
The yellow varieties do not alter in colour before the blowpipe ; the others turn yellow; 
they all slightly intumesce, and fuse on the edges to a black enamel. With borax they 
yield a clear yellowish-green glass. The mineral is imperfectly soluble in hot 
hydrochloric acid, and, if the solution be concentrated in contact with tin, assumes a 
fine violet colour. 

Analyses. — a. From the St. Gotbard (Cordier, J. des Mines, No. Ixxiii. 67). — 
b. Felberthal in the Pingzau (Klaproth, Beitrdge , i 245 ; v. 239). — c. Sehwarzenstein 
in the Zillerthal: yellow-green; specific gravity ■■ 3*635 (H. Rose, Gilb. Ann, 
Ixxiii. 94; Fogg. Ann. lxii. 253). — d. Arendal: brown (Rosales, see H. Rose). — 
e. Pasfl&u : brown (Brooks, see H. Rose).—/. St. Marcel, Piedmont: Greenevite 
(Deleave, Ann. Min. [4], vi. 825). — g. The same (M&rignac, Ann. Ch. Phys. [3], 
xiv. 47). — A Frugard, Finland: black-brown; specific gravity =■ 3*45 (Arppe, 
Analyser af flnsk. Min. p. 34). — i. Grenville, Canada : brown ; specific gravity — 
3*49—3*61 (Hunt, SilL Am. J. [2], xv. 442) : 



A. 

b. 

t. 

d. 

e. 

/. 

w- 

A. 

4. 

Silica .... 

23*0 

36 

32*29 

31*20 

30*63 

soi 

32-26 

31*03 

31*83 

Titanic oxide . . 

333 

46 

41*58 

4092 

42*56 

42*5 

38*57 

4357 

40*00 

Lime .... 

32*2 

16 

26*61 

22*25 

25*00 

24*0 

27*65 

21*76 

28*31 

Ferrous oxide . 

• i 

, , 

0*96 

606 

393 

, , 

0*76 

0*76 


Manganous oxide 
Magnesia . . . 

; ; 

;; 

; ; 

; ; 

; ; 

3*2 

0*76 

0*08 


Altunina . . . 

. . 

. . 

. . 

. . 

. . 

. , 

. . 

1*05 


Loss by ignition. 

93*6 

. . 

. . 

. 

. . 

- . 

. . 

038 

0*40 


98 

101*44 

99*43 102*12 

99*8 

100*00 

98*62 

IWF64 


• With trace of manganic oxide. 
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Most of these analyses may be nearly represented by the formula CVO m 

Ca"SiO , .Cft* , TiO f , requiring 31*13 silica, 40 49 titanic oxide, and 23 88 lime. In the 
brown varieties of sphene the lime is partly replaced by ferrous oxide, in the mineral 
fromArendal to the amount of one-seventh. 

The species was formerly divided into sphene and titanite, the former including 
the lighter-coloured, the latter tho brown and black varieties. The name sphene is 
derived from effa a wedge, alluding to the usual form of the crystals. — Grecnovite, 
from St. Marcel, was shown to be identical in crystalline form with sphene by 
Breithaupt (Pogg. Ann. lviii. 257) and Descloiseaux (Ann. Ch. Phys. [3], xx. 
84). — LigurtU , from a talcose rock in the Apennines, has, according to Dufrenoy, the 
angles and characters of sphene. 

Sphene occurs in imbedded crystals, in gneiss, granite, mica-slate, and granular 
limestone; also in beds of iron-ore, in syenite, as at Stronti&n in Argyleshire, and in 
volcanic rocks, as at Lake Laach, and Andernach on tho Rhine. (Dana, ii. 269.) 

SPBlVOCIAflB, A mineral occurring in parallel layers of various thickness in 
a bluish granular limestone at Gjelleback in Norway. It is of a pale greyish-yellow 
colour, translucent on the edges, has a splintery fracture, and often breaks into wedge- 
shaped fragments when struck. Specific gravity — 3 2. Hardness nearly equal to 
that of ortlioeJase. Fusible. Gin* by analysis : 

SIO» ' A 1*0®. Fe'O 3 CnO. MgO. MnO. 

4608 1304 4 77 26 30 623 3 23 

leading to the formula 3(4M"0.3Si0*).(2R , 0 a .3Si0*), (Von Kobell, J. pr. Chem. 
xci. 344.) 

8PBSVOKZTI. Shepard's name for a peculiar mineral -resembling sphene, 
which ho supposes to exist in certain meteorites. 

srmOXSAl STATS. See Heat (iii. 88). 

•9BSSOSZSBBZTI. A variety of native ferrous carbonate, occurring in 
greenstone at Hanhau, Steinheim, Dransberg, and othor places. 

araimosTzisxTa. Sea Sttlbitk. 

BVHBBULZTI* Kidney stone. These names are applied to certain spherical 
granules occurring imbedded in pitchstone and pearlstone. They are of grey, yellow, 
or red colour, with little or no lustre, translucent or opaque, and have a splintery 
fracture; hardness =* 7: specific gravity — 2 4 to 2*6. Analysis by Erdmann (J. 
techu. Chem. xv. 32), 77*20 per cent. SiO 2 , 12*47 Al'O 1 , 2*27 Fe*0\ 3*34 CaO, 0*73 
JMgO, 4*27 NaH) and K»0 (= 100*28). 

BFZBam. Spider-threads appear to consist essentially of the same substance as 
silk and gossamer-threads, viz. sericin (p. 233).— -The excrements of the spider con- 
tain guanine. (Handw. d. Chem. viii. 99.) 

•FZOU1A. A genus of plants belonging to the gent ianaceous order. Sp. anthel- 
mintica , a South American annual, contains, according to Feneulle (J. Fharm. ix. 
197), in the leaves, together with fixed oil, and in the root together with volatile 
oil, an amorphous, very bitter, nauseous substance, soluble in water and in alcohol, 
to which he attributes the anthelmintic action. Kicord-Madiana (Brandos, 
Archiv. xxv. 28), on the other hand, did not find any such substance. 

SFSU-OIXn Oleum spices. — A volatile oil, obtained by distilling Lapandula 
Spiea with water. It has a less agreeable odour than true lavender-oil, is specifically 
heavier, and is said to deposit a larger quantity of camphor. According to. Gastell, 
spike-oil is obtained from the leaves and stalks, true lavender-oil from the flowers, of 
several species of Lavandula. Spike-oil is frequently adulterated with oil of 
turpentine, which may be detected by its smaller solubility in alcohol. According to 
Gastell, pure spike-oil does not require more than 6 pts. alcohol, of specific gravity 
0*894, to dissolve it. 

IVXXAVTUM OUBACUL An annual synanthsrous plant, indigenous in * 
India mid in South America. It has a sharp taste, apparently due to the presence of 
a volatile oik The alcoholic tincture of the leaves and flowers is known as Paraguay 
red. 

Spilantkes tinctoria contains a substance which yields indigo on exposure to the 
air. 

8VUAOB. Bpinacia oleracea . — The leaves of this well-known culinary herb, 
belonging to the cbenopodiaceous older, contain, according to Braconnot, acid oxalates, 
m a l a i se, and phosphates. Richardson (Jahresb. 1847, p. 1074) found in the air* 
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dried plant 2*03 per cent, ash; and Sa&lm&ller (Ann. Ch. Pharm. lviii. 389) {band 
in the plant, dried at 100°, 10*7 per cent, ash, containing: 


K*0. 

N»*0. 

CaO. 

MgO. 

SO*. SiO* 

F*0\ Fe ' POt. NjiCI. Fe*0*. 


9*7 

35*0 * 

13*1 

5*3 

9*3 

3*1 

7*9 8*7 

7*9 . . 

Richardson. 

23*4 

24*6 

10*6 

7*5 

■ 4*4 

5 9 

8*6 . . 

12*8 2*1 

Saalmiiller. 


BPXSTO&B-TSLSS* Euonymus europceus. A celastraccous tree, the light "wood 
of which Yields good charcoal for gunpowder. The red seed-capsules have a saline 
taste, and contain grape-sugar, cerin, tannin, resins, citric acid, &c. The orange- 
coloured seed-coating contains a fat oil, which dissolves out the colouring-matter when 
expressed. 

The rose-coloured shell of the seed contains tannic acid, gum, mineral constituents, 
&c. ; the kernels contain 3*9 per cent, resin and 28*1 fat oil, together with emulsin, 
sugar, &c. 

SPIVDIE-TSEE OIL. The fatty oil expressed from the seeds of the 
spindle-tree is clear, viscid, red-brown, yellow in thin layers, has a repulsive odour, 
and a bitter taste, with irritating after-taste. Specific gravity = 0*938. It is 
sparingly soluble in alcohol, easily in ether. It solidifies between 12° and 16°, a con- 
siderable portion of the colouring-matter separating out with the fat, and remaining, 
if the oil is carefully melted, in beautiful rod granules on the sides of the vessel. 

The oil contains, in addition to the colouring-matter, a bittor rosin called by 
Ili oder er (Buchner’s Report. [2], xliv. 1) spindle-tree bitter or euonymin; also 
volatile acids. By the saponification of the fat-oil, Schweizer (J. pr. Chom. liii. 
437) obtained oleic and margaric, together with acetic anil benzoic acids, the last two 
remaining in the under-ley after the saponification of the oil. 

Spindle-troe oil is prepared chiefly in Switzerland, where it is used for burning in 
lamps, and for destroying vermin in the hair of men and animals, also as an application, 
to wounds. 

SPINEL. Spindle, including Ceylanite or Pleonaste, Spinelle Ruby, Balas Ruin/, 
Almandine Ruby, Candite ; Gahnite or Automolice, Dyduitc / Hcrcinite , Kreittonite, 

Chlorospinel. — A mineral species represented by the general formula IVrO.rbo 1 , 
in which M" — Mg, Fe, Ca, Zn, and Mn; and U'" = A1 or Fe. The crystalline 
form is monometric, generally the cube, rhombic dodecahedron, and intermediate 
forms, also with cubic faces ( C ry staj-li hi ha thy , figs . 172, 174, 175, 176, 178, 199, 200.) 
Cleavage octahedral. Twins like Jig, 319 (ii. 160). 

Hardness ■» 8. Specific gravity = 3*5 — 4*9. Lustre vitreous. Colour red, 
especially carmine-red; also bluish-rod tp blue, brown, or yellow; pure magnosic 
illuminate, MgAl'O 4 , is colourless. Transparent to nearly opaque. Fracture con- 
choidal, brittle. Infusible before the blowpipe. Insolubl^in acids, but becomes com- 
pletely soluble after fusion with acid potassic sulphate. Gives with fluxes the 
reactions of iron, and occasionally of chromium. 

The name spinel is restricted by Rammelsberg and others to the varieties consisting 
of nearly pure magnesia aluminate, and having Only a small proportion of the magnesia 
replaced by ferrous oxide ; whilo those in which the proportion of iron is larger are 
regarded as forming a distinct species, called Ceylanite , Pleonaste, Candite , or Chryso- 
melane: they all, however, crystallise in the samo forms, and the gradations of chem ical 
composition are not very sharply defined. 

Pure magnesian spinel, MgO.AFO*, would contain 71*97 per cent, aluminium and 
28*03 magnesia. Red (precious) spinel from Ceylon contains, according to Abich's 
analysis (corrected by Rammelsberg), 70*43 alumina, 1*12 chromic oxide, 26*75 mag- 
nesia, and 0*73 ferrous oxide ; blue spinel from Aker in Sweden contains, according to 
the samo authority, 70*53 alumina, 26 31 magnesia, and 3*57 ferrous oxide. Precious 
spinel is distinguished by several names, according to its colour* the deep red 
variety being called ruby spinel, the pale red balas ruby , the brownish^fed (from its 
resemblance to some garnets) almandine ruby , and the yellowish-red rulncelle. 

The following are analyses of the more ferruginous varieties, ceylanite or pleonaste 
(Rammelaberg 1 s Miner alchemic, p. 162) : 

A. Containing all the iron as ferrous oxide. — a. Harmala in Finland (T bore Id). 

b. BarsowBkoi, near Kyschtimsk in the Ural (Abich). — c. Tunaberc in Sweden : dark- 
green (A. Erdmann) — d. Ronsperg in Bohemia, Hercinite (Quadrat). 

B. Containing ferric as well- as ferrous oxide. — a. Vesuvius (Abich).-— 5. Franklin r 
Hew- Jersey: large greenish-black octahedrons, accompanied by red sine-ore and 
CAlcspar (Vogel). — c. Stulgrabe, near Arendal in Norway (Scheerer).— 4 t Ceylon 
(C, Gmeun).—^. Iaerwiese in the Riescngebirge (Abich); 
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Alumina . . 67*90 66*95 62*95 61*17 68*31 67*01 58*12 58*00 61*30 

Ferric oxide . . . 3*37 2 47 11*41 JOvU 7*09 

Ferrous oxide. . 11*88 14*33 23 46 35*67 2*06 8*55 11*88* 11*86 13*42 

Magnesia . . 19 00 18 03 1303 292 26*26 21*97 18*59 18*60 18*19 

Zinc-oxide . . 1*38 

100*16 99*31 99*44 99*76 100*00 100*00 100*00 10000 100*00 

Gahnite or Auto mot it e, from Fahlun in Sweden, is a spinel in wliieli the magnesium 
is wholly or in great part replaced by zinc (ii. 757). 

Kn itboi i(e is a black spinel, of specific gravity 4*49, nearly allied to guhnito, 
and containing, according to v. Kobe 11, 49*62 per cent. Al*O s , 18 48 Fe 2 0*, 26*67 ZnO, 
3*40 MgO, and 1*44 MnO ( = 99*61). 

Jjystuite (ii. 360) from Sterling, New Jorsov, is a forrico-alnminate of zinc and man- 
ganese, containing 30 49 per cent. Ai a 0 3 , 41*93 Fo*O s , 16*80 ZnO, 7*60 MnO, 2*96 
silica, and 0*40 water. (Thomson.) 

Chloro&pind is a grass-green spinel from Slatoust, of specific gravity 3*691 — 
3*594, containing, according to H. Hose: 

Ai-’o». Fe*o*. MffO. CuO. CftO. 

64*13 8*70 26*77 0*27 0*27 « 100*14 

57*34 14*77 27*49 0*62 . . «= 100*22 

Spinel occurs imbedded in granular limestone, and with calcareous spar in serpen- 
tine and gneiss ; it also occupies tlie cavities of volcanic rocks. Tn Ceylon, Siam, and 
other Eastern countries, it occurs of beautiful colours, as rolled pebbles in the channels 
of rivers. 

BPXVSXiIANZI. A blue variety of nusean (iv. 135). 

SpnrrasiFSB. Syn. with Schkxk (p. 398). 

SPIBJEA T7LMARIA. M<(i<low-swc< t . — The flowers of this rosaceous plant 
yield by distillation with water, u Volatile oil consis'ilig for tlio most part of sulicy- 
lul (p. 167), which however appeals nut to exist ready- formed in the plant, but to bo 
produced by the action of water; it contains also a neutral oil (likewise obtained by 
agitating the distilled water with ether), composed of 71 2 per cent, carbon, 10*1 hydro- 
gen, and 18*7 oxygon, and a ciiinphoroidal subqtanco, which crystallises in whito 
nacreous scales, and remains solid at ordinary temperatures. 

When tho dried flowers of meadow-sweet aro exhausted with ether, a colouring- 
matter called a pi ran n is dissolved out, together with fat, wax, traces of a neutral 
volatile oil, and a volat ile acid, but no sal icy lob The Volatile-oil is the same that is 
obtained, together wit h sal ieylol, by distilling the flowers with waiter. Tho volat ile acid 
just mentioned is found also in the watery distil late; it crystallises in colourless needles, 
dissolves easily in water, with difficulty in ether, and colours ferric salts rod. (Handw. 
d. Chem. viii. 10U.) 

spnucnr. (Liiwig and W o id man n, J. pr. Ch-m. xix. 236.) — The yellow 
colouring-mat tar of the flowers of Snirtca uhtiariu , whence it may be extracted by ether. 
The ethereal solution is precipitated by water, the precipitate is dissolved in hot alco- 
hol, which on cooling deposits a quantity of fatty matter; tho filtered liquid is 
evaporated; and the spirann thereby deposited is dissolves! several times in alcohol. 

Spine in thus obtained is a yellow crystalline powder, insoluble in water, very soluble 
in ether and in alcohol ; tlie solutions aro of a deep green colour whfii concentrated, 
yellow when dilute, and redden litmus slightly. Spinein is not volatile without; 
decomposition. It gave by analysis 59*62 — 59*04 per cent, carbon and 6*32—5*14 
hydrogei*rwheiiee Jvowig and Weidmann deduce the formula C 3w H w 0 14 , requiring 58*0 C, 
4*9 H, and 36*5 O. (lorhardt suggested CHP'O 10 , which however docs not agree bq 
well with tho analysis. 

Hot concentrated nitric arid dissolves spinein, furmi ng a red solution, and decomposes 
it only after prolonged boiling, but without formation of oxalic acid. It dissolves 
Without alteration in sulphuric acid, and is precipitated therefrom by water. Hydro 
chloric acid has no action upon it. — With bromine it forms a red mass, consisting of 
several substitution-products. — When oxidised by ch omxc acid, it yields formic and 
carbonic acids. —It dissolves with yellow colour in caustic a! kalis, decomposes j*ota**ia 
carbonate when heated, and is precipitated from its alkaline solutions by acids. Tha 
Bame solutions turn brown and decompose on ex|H>surc to the air. 

Tbit alcoholic .solution of spine in forms yellow precipitates with baryta-water, $ul- 
phate of aluminium , and tartar-mu tic ; .w*th acetate of lead a crimson precipitate, which 

• With manennout oxide. 

DU 


Vol. V. 
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blackens on drying ; with/Jeraws salts a dark-green* 'with ferric salts a black precipitate; 
with zinc-salts mixed with a little ammonia, a yellow precipitate soluble in excess of 
ammonia; with cupric salts a grass-green precipitate ; with nitrate of silver on addition 
of ammonia, ,a black precipitate insoluble in ammonia ; with mercurous nitrate a yel- 
lowish-brown precipitate which soon becomes dark-brown ; no precipitate with 
mercuric or platinic chloride. 

8PXKZT. Spirit us. — The word spirit was used in old chemical language as a 
generic name for liquids obtained by distillation . At the present day it is applied in 
ordinary language chiefly to ethylic alcohol, which is called spirit of wine , and methy- 
lic alcohol, which is also called wood-spirit. In pharmaceutical language it is still used 
as a generic name for aromatic alcoholic distillates and certain alcoholic solutions — e.g., 
Spirit us cockle aria, Sp. lavandula , Sp. camphoratus , Sp. saponatus. 

Spiritus ahstractus, Sp. aromaticus . —These names, especially the latter, are applied 
to odoriferous products obtained by distilling various substances with moderately 
strong aqueous alcohol ; they ore further distinguished as Spiritus aromaticus simplex \ 
and ampositus. 

Spiritus acvti dzdeifeatus, b. Sp. dulcis } or Liquor anodinus vegetahilis. A solution 

Spiritus acetico-athcrcua y of acetic ether in alcohol. 

Spiritus Aintginis, s. Sp. Veneris , Spirit of Verdigrisr. — An old name of the con- 
centrated acetic acid obtained by distilling crystallised cupric acetate (i. 10). 

Spiritus aromaticus, s. Sp. abstract us. 

Spiritus Cera , Spirit of Wax. — The watery liquid containing empyrenmatic oils, 
acetic acid, &c., obtained by the dry distillation of wax. 

Spiritus Cornu Cervi, Spirit of Hartshorn. — The solution of impure ammonium- 
carbonate obtained by the distillation of animal matters (i. 190). 

Spiritus Minder eri. — An aqueous solution of ammonium -acetate (i. 13). 

Spiritus m u rial ico-athereus, s. Spiritus Satis dulcis. Sweet Spirit of Salt , Heavy 
Hydrochloric Ether. — The product obtained by saturating alcohol with hydrochloric 
acid and distilling it over peroxide of manganese, or by distilling a mixture of alcohol 
and sulphuric acid over a mixture of common salt and peroxide of manganese (iL 632). 

Spiritus ■muriatic us . — Hydrochloric acid. 

Spiritus nitro-acidus . — Nitric acid. 

Spiritus nitro-cethereus , s. Sp. dulcis t Sweet Spirit of Nitre. — (See Nitrous Erases, 
iv. 76-) 

Spiritus rector. — Boerhave supposed that volatile oils were compounds of resins; 
with a peculiar odoriferous substance which he called by this name. 

Spiritus Soli amm on xacus, Sal m iakgeist . — Aqueous ammonia. 

Spiritus Satis dulcis. — See Spiritus muriatico-ccthereus. 

r vitus Satis fumans , or Sp. Salts fumans Glaubcri. — Fuming hydrochloric 

Spiritus sulphurico-cethereus.- — Common ether containing alcohol. 

Spiritus Swphuris per campanam. — Obsolete name for aqueous sulphurous acid. 
Spiritus Sulphur is, s. Sp. sulphuratiis volatile Ilrgumi. — A solution of various 
polysulphides of ammonium, strong enough to fume iu tho air (i. 194). 

Spiritus sylvestris, Gas sylvestre . — An old name of carbonic anhydride. 

Spiritus Tart art, Liquor pyrotartaricus. — An old name for the brownish empvreu- 
manc liquid, containing empyrcumatie oils, pyrotartaric acid, acetic acid, and (ac- 
cording to Gobel) formic acid, obtained by dry distillation of tartar. 

Spiritus Veneris . — Sec Spiritus At'ruginis. 

Spiritus Vint, Spirit of Wine . — Aqueous alcohol. 

Spiritus Vitriofi. — Dilute sulphuric acid. 

Spiritus Vitriol i coagulabilis . — An old name of potass ic sulphate. 

■PXSOavXA quZNZZTA A fresh-water alga, which contains 97*6 parts 
water to 2*5 dry substance, the latter containing 7*5 percent nitrogen and 0*8 ash. The 
ash yields 35*8 per cent, carbonates and sulphates of the alkali-metals and chloride of 
sodium, 1*6 carbonate of calcium, 9*8 carbonate of magnesium, 18*4 phosphate of 
calcium, 3*4 phosphate of magnesium, and 31*6 silica, with traces of feme oxide. 
(Handw. d. Chem. viii. 150.) 

8KEOX.. A name applied to phenylic alcohol, because it may be obtained from 
epiroylic (salicylic) acid, m the same way as bensol from benzoic acid. 

iPZHOTL. Ed wig’s name for the radicle (more generally called salicyl, 

or salicosyl), which may be supposed to exist in oil of spiraea (salicylol). (See pp. 160, 
167 *) 

smOTUO 40X9* Syn. with Saxictlio Acid. 

BVZXOTLOlTt AOZ9. Syn. with Saxicyxox* 
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gynn, BtntTlIO ACXD, &c. Names givou by Benelios to Saiicyl, 

Salicylic acid, dec. 

SflSBir. The largest of the “ vascular” or “ductless glands’* of the body. 
Besides albuminoid matters (among them one prccipitablc by acetic acid, and con- 
taining much iron, possibly os phosphate), pigments, fats, and chulesterin, there have 
been found in the spleen, formic, acetic, butyric, lactic, succinic, and uric acids (the 
juice of spleen is acid), inosite, eareine, xanthine, leucine, and tyrosine. In 100 parts 
of spleen are found water 74 031, organic matter 24*866, inorganic matters 1103. 
The following table (from Ludwig) gives the percentage composition of the ashes 
of spleen, according to O id t m tin n ; 

Ct. P*0*. SOS. sio*. K*0. Na 9 0. CaO. MgO. Fs'O*. MtiO. CuO. FbO. 

Man -55 27 11 2*54 *07 9 19 43*30 7*50 *39 7*27 *08 *01 

Woman 1*31 18*87 1*43 *72 17*41 35 12 7*26 1*02 16*20 *04 *40 *03 

i t -j 

Infant 33*03 9*53 *50 *95 43*87 3*35 *20 

BPUS0TT-COAA* A hard kind of coal having a brown-black to deep black 
colour, resinous lustre, splintery cross-fracture, and uneven principal fracture : it is 
less easily inflammable than caking coal, but, when once set on fire, burns with a 
bright flame and great evolution of heat. 

SFODUMBJrS. Triphane. Swedish Zeolite. — A silicate of aluminium and lithium 
(potassium and sodium), occurring in monoclinic prisms, isomorphous with augite, 
especially with diopride. Angle of inclined axes =» 69° 40' ; 00 !* : 00 P = 87° ; oP : 
[2Poo ] - 130° 3 if. The crystals aro usually large, exhibiting very perfect cleavage 
parsillel to oePoo ; distinct also parallel to 00 P; in traces parallel to [Poo] ; seen m 
striae on [ 00 Poo ]. Twins occur with face of composition parallol to ooPoo. The 
mineral also occurs in clcavable mosses. 

Hardness — 6*5 to 7. Specific gravity «=» 3 132 — 3*137 (Rftmmohborg). Lustre 
pearly, vitreous on the cross-fracture. Colour greyish-green, passing into greenish- 
white and greyish -white, rarely faintly reddish. Streak uneolourod. Translucent lo 
subtranslucent. Fracture uneven. Before tlio blowpipo it loses its tninaiwreucy and 
colour, intumosces, and melts to a glass globule ; gives the reactions of lithia. 

Analysts (Rammclsberg's Miner alchemic , p. 500).~1. Island of Uto, Huderman- 
land, Sweden. Specific gravity « 3*133 (Rammelsberg). — 2. Sterzingiutha Tyrol: 
specific gravity m 3137 (R.).— 3. Sterling, Miissachusetts ; specific gravity m 3*182 
(Brush); 3*073 (R.).—- 4. Norwich, Massachusetts: specific gravity — 3*18 (Brush): 
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26*46 
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(28*42 
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1*42 


• • $ 

- - 

0*64 

Lime , 

• • . 

0*50 
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• 
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0T0 




Lithia . • 

. 3*84 

5*47 

4*49 


2*90 
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5*67 

6*08 

Soda . 

. 2*88 

0*46 

0*07 


0*44 

, , 

2-51 

0*66 
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* • « 

0*14 

0*07 


4-64 

, # 
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0*16 


99*24 100~87 101*66 


10P02 


10063 H*O0'50 


99*04 


The analyses by Hagen and Rammelabcrg lead to the formula 3(Li*O.SiO*).4( AL O*. 
3SiO*), the lithia being partly replaced by potash and soda. A pure litbia-spodumene 
thus composed would eontain 64*98 per cent, silica, 28*88 alumina, and 6*14 lithia. 
The North American specimens, except the last, hod undergone some decomposition. 

Spodumenn occurs also at Lisens in the Tyrol, at Killiney Bay near Dublin, 
and at Peterhead in Scotland ; also at Goshen and other localities in Massachusetts, at 
Windham in Maine, and Brookfield in Connecticut. 

SfOlfGH. Sponges are organisms living in water, And consisting of a soft 
gelatinous mass, mostly supported by an internal skeleton composed of reticular 
anastomosing hairy fibres, in or among which are usually imbedded calcareous cr 
sometimes silicious spiruhe. They arc found adhering to rocks, chiefly in the Medi- 
terranean, where they are collected by divers, and t routed with hydrochloric add to 
remove the lime. Two or three species are found in fresh water. 

Sponge him, by some naturalists, been referred to the vegetable, by others to the 
animal kingdom ; of late years, however, the evidence has appeared to be conclusive as 
to its animal nature. 
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that it exhibits, in may 'respects, the same characters as the, fibroin of silk and of 
gossamer-threads. Stadol <?r, however (ibid, cxi. 12), has shown that the organic 
. matter of silk , when treated with sulphuric acid , yields leucine ana tyrosine, whereas 
that of sponge yields leucine and glycerine, without u trace of tyrosine : he accordingly 
designates the organic matter of sponges as spongin, restricting the name fibroin 
to that of silk and gossam er-threads. Schlossberger, on the other hand, designates the 
former as fibroin, the latter as sericin. In some sponges, the fibroin is combined 
with iodine, sulphur, and phosphorus. 

Charred or burnt sponge , Spongia usta , has Jong been used in medicine ; its action is, 
doubtless, to be attributed to the iodine which it contains. Herberger found in it 1-16 
per cent potassium-iodide, 0-702 potassium -bromide, and traces of cupric oxide. 
Prouss found 214 per cent. XI, and 0*76 NaUr. In preparing burnt sponge, /wire must 
be taken not to employ too high a temperature, as a loss of iodine may thereby bo 
occasioned. 

B90NGXK, Sfadeler's name for the organic matter of sponge. He prepares it by 
exhausting the sponge, cut up into small pieces, with dilute hydrochloric acid, then with 
weak soda-ley, washing it thoroughly, and drying. 

SPRAT. Ciupra Sprattus ; Fr. Espret ; Ifcal. Sordino. — Those fishes, when pressed 
and dried, contain, in 100 parts, 64 parts water, 19 fat, and 194 nitrogen, equivalent to 
12*3 per cent, albuminoi'dal substance. They yield 2T per cent, ash, containing, 
according to Way (Jahresb. 1849, p. G58) : 

K j O. Na*0. CitO, MkO. Fe-O 3 . SO\ SIO*. P-0\ KC1, NaCl. 

17 2 1*2 23*6 30 03 trice traco 435 . . 11*2 = 100 

2 H> . . 27*2 3-4 0*6 1*4 0*3 405 2*3 2*3 « 100 


Sprats nro caught in largo quantities on the coasts of Sussex, Kent, and Essox, and 
are there used for the preparation of artificial manure. 

SQUAX.US. The liver of the Basking Shark, & 'qualus maximus (Linn.), yields about 
80 per cent, of oil, which has a faint yellow colour, a density of 0*870 to 9*876, and a 
repulsive odour; does not solidify at a few degrees below 0°. By dry distillation it 
yields a yellow oil having the cxlour of acrolein, but no sobacic acid. It appears to 
contain a peculiar oleic acid. (Ronalds, Chem. Gaz. 1852, p. 420.) 

BTAZiAOlWCXTSB and STALACTITES. Deposits formed in caverns, chiefly 
in limestone rocks, by water filtering through the rock and taking up some of ils 
substance, and subsequently dripping from the roof. The solution (of calcic carbonate, 
for' instance), on exposure to the air, deposits the solid matter, which partly forms 
stnl ac ti tes, depending fromtho roof liko icicles, partly deposits called stalagm i to h, 
on the floor of the cavern. 

STALAdMOnEETEB (jraAaypSs, drop; ptrptTv, measure). An instrument 
employed by Guthrie for measuring. the size of drops. A drop is defined as a more 
or less spherical mass of liquid matter, which has been separated from other matter 
by gravitation. Such a definition is necessary, because the term 41 drop” is frequently 
applied to a variety of liquid matters, having little or nothing in common, except 
shape, either as to origin or condition. 

The substances concerned in drop-formation are — 1. The substance to which the drop 
clings; 2. The substance of which it is formed; 3. The medium in which it is formed. 
If the drop be formed in a liquid medium more dense than the drop, the drop rises. 
If the dropping fluid be a gas, and the medium a liquid, the drop becomes a bubble. 
Ilenco there is no essential difference between the formation of a drop and that of a 
bubble; there is also an agreement in the laws which govern the sizes of the two. 

The factors which nro found experimentally to bo most concerned in determining 
the size of a drop in the case of a liquid dropping from a solid through a gas are : 

1. The rate at which the dropping takes place, or the growth-time, gt, of the drop. — 
2. The quantity and chemical nature of the solicT matter which the dropping liquid 
holds in solution. — 3. The chemical nature of the dropping liquid. — 4. The size and 
shape of the solid at the part from which the drop fulls. — 5. The chemical nature of the 
Solid from which tho drop falls. — 6. The temperature at which the dropping takes place. 

In the case of u liquid dropping through a liquid, the additional factors are — 7, thi 
chemical nature, and 8, the density of the liquid medium. 

The stalagmometer consists of two parts : the first to produce a perfectly uniform 
flow of the dropping liquid ; the second to collect, and either measure or weigh, a given 
number of drops formed under various conditions. ]£or particulars of the experiments 
and description of the different forms of stalugmometcr, see Proc. Roy, Soc. (xiii. 444, 
467 ; xiv. 22). 

The following are the main laws which have been deduced : 
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A. Whet i, from a solid, a liquid drops through a gas. 

1. The drop-size depends upon the rate of dropping. Generally, the quicker the 
succession of the drops, the greater is the drop. The slower the rate, the more strictly 
is this the case. Example : 


Dr op-fli ae of cocoanut-o ll, gt «* OW M (10*17 
Drop-sise of cncuamit-oil, gt = IfO" 62*00 

2. The drop-size depends upon tlie nature and quantity of the solid which the 
dropping liquid holds in solution. If the liquid stands in no direct chemical relation 
to the solid, the drop-size, in general, diminishes as the quantity of solid contained in 
the liquid increases. 

3. The drop-size depends upon the chemical nature of the dropping liquid, and little 
or not at all upon its density ; or, rather, increase of density implies increaso of cohesion. 
Of all the liquids exit mined, miter 1ms the greatest and acetic hydrate the smallest drops. 
Water « If 8*2. Glycerin — 102‘ti. Butyric acid = 6ti'0. Mercury «* 57*9. 
Benzene =■ 55*2. OH of turpentine — 50*1. Alcohol = 49*6. Acetic ether *» 40 4. 
Acetic hydrate = 43'0. 

4. The drop-size depends upon the geometric relation between the solid and liquid. 
If tho solid be spherical, the largest drops fall from tho largest spheres. Tlio drops 
nro largest which fall from a piano. Absolute difference in radius takes a greater 
effect upon tho drops formed from smaller than upon those formed from larger spheres. 
Of circular horizontal planes, within certain limits towards tlie minimum size, the 
drop-size varies directly with the size of tho plane. Exaiuphs : 


Drop-sizo of water from sphero of radius 

oo 


20*5 


f| 

113*1 

«=3 

24*8 


ft 

47*2 

a 

22*6 

>i 

ft 

10*0 

» 

14 3 

it 

It 

7*1 

o 

12*8 

Drop-sizo of water from disc of radius 

6 

B. 

16 3 

«i 

ft 

4 

— 

149 

>! 

II 

3 

tat 

9*6 

ft 

II 

2 

ra 

7*3 

11 

II 

1 

■=* 

4*1 


5. The drop-sizo depends upon tho chemical nature of tho solid from which tho drop 
falls, and little or not at all upon its density. Of all the solids examined, antimony 
delivers the least and tin tho largest drops. Example: 

Drop- size of water from antimony « 119*8 
„ ,, sulphur c= 120*2 

f> „ cadmium *=» 121*8 

„ „ zinc *» 122*4 

„ „ lead =» 122*0 

„ „ phosphorus ■» 122*7 

- „ „ bismuth — 122*8 

„ „ tin . ** 124*2 


6. The drop-size depends upon temperature. Generally, the higher tho temperature 
tho smaller tho drop. Example : 

Drop-size of water at 20*4° O. — 132*6 
„ „ 30*6° C. = 130*0 

„ „ 40 3° C. - 129*8 


B. When, from a solid , a liquid drops through a liquid . 

7. Tho drop-size does not depend mainly upon the density of tho medium, and conse- 
quent variation of the weight, in the medium, of the dropping liquid. 

8. If there bo two liquids, A and B, which drop under like conditions through air, 
and the drop-size of the one, A, be greater than that of the other, B, then, if a third 
liquid, C, be made to drop through A and through B, its drop-size through A will be 
greater than its drop-size through B. 

9. If the drop-size of A through B be greater than the drop-size of A through O, 
then the drop-size of D through B will also be grater than the drop-size of D through V, 

10. If a liquid, A, drop under like conditions in succession through two liquids, B and 
C f then its drop-size through any mixture of B aud C is intennodiute between it* 

T2 

drop-size through B and its drop-size through C; and the greater the proportion of q ^ 

. the mixture, the more nearly does the drop-size of A through the mixture approach to- 
the drop-size of A through ^ alone. 
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11. The drop-size of any mixture of two liquids, A and B, dropping through a third 
liquid, C, is intermediate between the drop-size of A through C and that of B through 

C; and the greater the proportion of g in the mixture, the more nearly does the drop. 

size of the mixture approach to the drop-size of £ alone, whether the dropping liquid 
be heavier or lighter than the liquid medium. 

12. If the liquid X has a larger drop-size than the liquid Y in the liquid Z, then the 
liquid Z has a larger drop-size m X than it has in Y. 

13. If a liquid X has a larger drop-size in air than a liquid Y, then the drop-size of 
X through Y is larger than the drop-size of Y through X. 

14. If the drop-size of X be greater than the drop-size of Y in air, and the drop-size 
of Y greater than the drop-size of Z in air, then the ratio between the drop-sizes of X 
in any mixture of Y and Z, and the drop-size of that mixture of Y and Z through X, is 
greatest when the ratio between Y and Z is unity. 

Laws 10 and 11 may be applied to quantitative analysis. Thus, a mixture of 
benzene and oil of turpentine causes water to assume a greater or less drop-size, accord- 
ing to the proportion of its constituents. It is easy by means of the stakigniometcr to 
detect a difference of one per cent, in the proportion of either of the constituents. 

The term “bubble” is also in common speech applied to a variety of dissimilar things. 
The definition adopted has been already given in speaking of drops. 

In measuring the size of a drop, the barometric pressure is found to have little or 
no influence. In the case of bubbles it- forms an important factor. Also the tempera- 
ture is of greater influence with bubbles than with drops. The chiof points of interest 
with regard to bubble-sizo are the influences of change in the chemical naturo of tlio 
gas and of the liquid medium. 

The chief results at present obtained with regard to bubble-size are these:— 

15. Every different liquid causes the same gas which bubbles through it under the 
like conditions to assume a different bubble-size. 

16. If the bubble-size of a gas through a liquid, A, be greater than its bubble-size 
through B, then its bubble-size through any mixture of A and B is intermediate 
between its bubble-size through A and its bubble-size through B. 

This law is quite analogous to Law 10. Further, the singular connection between 
drops and bubbles is shown in the following law : — 

17- If the liquid A has a larger drop-size than the liquid B in dropping through 
the gas C, then the gas C, in bubbling through tho liquid A, has a larger bubblo- 
size than in bubbling through the liquid B. F. G. 

8TAWKAMYL. Soe Tin-radicles, Organic. 

8TAVNATB8. Salts of stannic acid. (See Tin, Oxides of.) 

BTAWBTHYXi. See Tin-radicles, Organic. 

STANNIC ACXD, STANNIC OXIDE. See Tin, Oxides of. 

STANNZN. Syn. with Tin-Pyrites (q.v.). 

BTANNITB8. Salts of stannous oxide (Bee Tin, Oxides of.) 
BTANV-MBTBY&. See Tin-radicles, Organic. 

STAXnrOVS ACID, STANNOUS OXIDE. See Tin, Oxides of. 
BTAmroaff. Syn. with Tin. 

BTANZAITB. Syn. with Andaltjsite (i. 291). 

BTAVXIUA. A genus of apocynaceous plants, indigenous at the Cape of Good 
Hope. Stnpdia hirsuta, after being scratched with a knife, yields a limpid gummy 
juice, which hardens to an amorphous- mass on exposure to the air, and contains a 
Bitter substance soluble in water, alcohol, and ether. (Bernap, Bepert. Pkarm 
lxxxviii. 96.) 

BTAFXISAORIC ACXD, A peculiar acid, said by Hofschlager (Brandes 
Archiv. xix. 160) to exist in the seeds of Delphinium Staphimgria. It is described as 
white, crystalline, sublimable, and as exerting an emetic action; but the statements 
respecting it are very doubtful. 

BTAPBUAORZNS. An alkaloid existing, accenting to Couerbe (Ann. Ch. 
Pbys. [2], lii. 352), in the seeds of Delphinium Staphimgria, and constituting the 
matter insoluble in ether, obtained in the preparation of delphinine (ii. 310) from that 
plant. It is a slightly yellowish body, having a sharp taste, nearly insoluble in water 
and in ether, easily soluble in alcohol. It dissolves also in acids, but without neutralis- 
ing them. It is decomposed by chlorine, and converted by hot nitric acid into a bitter * 
resinous substauce. 
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STAfSlSAZn. Syn. with Staphisagrinh. 

BTAR-AiriSS on. A volatile oil obtained from the seeds and seed-capsule# 
of ttidum anisatum , a magnoliaceous tree indigenous in China and Japan. It has a 
pale-yellow colour, and resembles anise-oil from Ptmpinelia Anieum (i. 297) in taste 
and odour, but is more Mobile, and remains liquid at + 2°. At lower temperatures it 
deposits a camphor or stearoptene identical with that of ordinary anise-oil. Star-anise 
oil likewise agrees with ordinary anise-oil in nearly all its reactions ; but, according to 
Limpricht and Bitter, it is not directly converted by nitric acid into anieol and anisic 
acid, but yields an intermediate product which they designate as anisoic acid (i. 304). 

BTASCS. C*H ,0 0 4 or C ,J H 2 *0 ,# . Fecula , Amidin , Amidon , Amylum , Mat ike 
a my lack. Starke , Satsmehl , Kraft me hi. (For a complete list of memoirs relating to 
Starch, down to 1862, see Gmdm's Handftook , xv. 72.) 

This substance is very widoly diffused in the vegetable kingdom, occurring in variable 
quantity, for a time at least, in every plant that has been examined. It is especially 
abundant in certain families of plants, and often occurs in very large quantity, especially 
in the albumen of the seed, in the cotyledons of the embryo, in the pith of stems and 
stalks, in bulbs, tubers, rhizomes, anu roots; also in the bark and splint of trees in 
the winter season; sometimes in flowers. 

Starch is formed in plants only when the nutriment is in excess, and is dissolved and 
used up at a later stage of the vegetative process, when the nutriment becomes 
deficient (Payen); it is probably formed from vegetable mucus (Schleiden). Before 
the starch appears in the cells, they are filled with a granular or a homogeneous mass, 
the development of which is slower than that of the cell ; so that it spreads itself, in a 
layer of varying thickness, over the inner surface of the coll, enveloping the nucleus 
juThaps already present, and sometimes spreading in a thread-like form over its surface ; 
the starch is most frequently form ml in this protoplasma, more rarely on the surface or 
in the interior of the nucleus. (Trdcul, Compt. rend, xlvii. 78*2.) 

The following table exhibits the proportions of starch in various alimentary sub- 
stances, as determined by K rock or (Ann. Ch. Pharm. Iviii. 212): 


Alimentary lubftance 

Pure flour of Haricot-beans . 


• 


Quantity of Starch la 
100 pts. substance. 

I. 11. 

. 99*96 

Wheat-flour, No. 1 


• 


. 65*21 

66 16 

,, No. 2 • . 


s 


. 66*93 

67*42 

„ No. 3 . • 




. 67*70 

67*21 

Talavera wheat • • • 


• 


. 66*92 

66*29 

Whittington „ . . • 


• 


. 63*06 

61*84 

Sandonier ,, 

Rye-flour, No. 1 . 

e 



. 63*83 

62*92 

■ 



. 61*26 

60*56 

„ No. 2 » 

• 

• 


. 64*84 

64*12 

,, No. 3 • • • 

• 

0 


. 67*07 

67*77 

Rye {Sccale cereale ) 

• 

• 


. 45*39 

44*80 

„ {Sec. ccr. arundin ) . 

• 

M 


. 47 71 

47*13 

Oats . . • * • 


• 


. 27*93 

36*90 

„ Kamtsehatka . • . 


9 


. 39*65 

40*17 

Barley-flour .... 




. 64*63 

64*18 

Barley 




. 38*62 

37*99 

„ Jerusalem . • • 

e 



. 4266 

4203 

Buckwheat-flour . 

Buckwheat .... 

• 

• 



. 6606 
. 43*80 

44*45 

Maize-flour .... 
Maize ..... 

• 



. 7774 
. 65*88 

66*80 

Millet < • .« • • 

• 

9 


. 65*61 

53*76 

Haricot-beans 

- „ 



. 37*71 

37*70 

Peas 


• 


. 38*81 

38*70 

lentils 


• 


. 39*62 

40*08 

Potatoes (air-dried) 




. 23*20 

2280 

H • • • • • 




. 18*14 

17*98 





. 16*48 

16*69 


Preparation : 1. From Wheat. — Wheat, after being softened in cold water, is pressed 
under millstones or rollers, or in bags under water, as long as milky water runs off 
from it. This liquid, when left to itself, deposits starch containing gluten ; the latter, 
however, dissolves for the roost part in the supernatant liquid, which gradually turns 
lour: and on decanting this acid liquid, repeatedly stirring np the starch with fresh 
eater, and leaving it to settle, it is at length obtained pure, and may be dried in 
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soon a* tiMiitjvgenised substances *™ decomposed and dissolved. The 
JJment of starch, which remains at the end of a fermentation, is repeatedly washed 

with water, sifted, and dried in desiccating chambers. Starch may be freed from 

gluten by menus of cold dilute potash -Icy ( Kirchhoff), or distilled vinegar 

(Saussure); from pieces of fat and other matter , by prolonged treatment with cold 

water, alcohol, or ether. 

2. From Potatoes.* — Washed and rasped potatoes are drenched in & siere with a con- 
tinued stream of cold water, And the milky liquid which runs through is set aside fora 
few minutes, till the heavier impurities have settled down, and then left to stand for three 
or four hours in another pan. The starch which collects nt the bottom of the clear liquid 
is stirred up with water, poured through hair-sieves, then left to settle, repeatedly 
washed with eohl water, ana dried, first on plates of gypsum, afterwards in desiccating 
chambers. The starch thus oblained is purified by successive washing with tho 
following liquids: — 1. Cold alcohol. — 2. Water. — 3. Water containing 0 002 per cent, 
hydrochloric acid. — 4. Water. — 5. Water containing 0*006 per cent, potash. — 6. Water 
(Rayon). After this treatment, the starch contains hydrochloric acid (Jacquelain, 

G or hard t, Trait 6, ii. 486), but maybe purified by boiling with alcohol containing 
0*1 per cent, hydrate of potash, then washing with pure alcohol and with water. 

3. From the root-sprouts of Maravta inclica and M. arundinacca: American 
starch, Arrowroot. — Mode of preparation tho same as from potatoes. 

4. From the roots of Janipha JManihoi: Tapioca. — The washed and bruised 
roots are pressed in bugs under water ; the starch which separates from tho milky 
liquid is mealy tapioca; after drying upon hot plates, it Wcomvs granular tajnoca ; 
the portion of the pulp which remains after washing and pressing is spread out on 
iron plates, in a layor one or two inches deep, and strongly dried into cakes; this is 
Cassava-bread ; when pulverised it forms Man j ok four, and when again heated on 
iron platos t.ill it swells up, Maudiokka. (Surcau, «T, Pliarin. xx. 622.) 

6. From the sUms of several species of Sagus and Cgcas : Sago. — Tho starch is 
washed out of tin; pith of the stems on sieves in a stream of water, then left to settle, 
washed on cloths or mats, rubbed when half dry through motal sieves; and when thus 
granulated, it is dried at about 60° in ovens of peculiar construction. 

6. From Hire . — Rice is heated with weak soda-ley, which dissolves the nitrogenous 
impurities, and leaves pure starch ; then with a solution of borax, cream of tartar, or 
some other salts, to facilitate the separation of the starch from gluten. 

7. From Horse-chestnuts, $v . — The same method as in 2, excepting that tho starch 
is likewiso well washed with aqueous sodic carbonate to remove the bitter principle 
(FI undin, Cumpt. rend, xxvii. 349); or merely with water, like potato- starch. 
(Belloc, ibid, xxviii. 83.) 

For details on the manufacture of Starch, see lire's Dictionary of Arts, &c. # 
iii. 746. 

Properties. — Starch is a white shining powder, soft 1o the touch, grating between 
the fingers ortlio teeth, sometimes consisting of amorphous masses, but more frequently 
of granules recognisable by the microscope. These granules, of various diameter 
[from Tjk to^ujof a line (F ritzsch e\fromT85 to*002 millimetre (Pay cn)], and various 
form, have commonly a small eccentric nucleus, surrounded by layers arranged concen- 
trically one over the other. These envelopes increase by tho successive deposition of new 
layers within tho old ones, so that each layer is younger and less compactly aggregated 
than tho one which immediately surrounds it; and since tho layers are for the most 
part of variable thickness, they cause the grannie to deviate gradually in form from the 
originally spherical nucleus, and assume for the most part an ovoid form. According to 
Maschke, the starch -granules appear liko bundles of three to six concentric bladders, 
with light and dark rings, the light rings being formed of insoluble, the dark of 

# soluble starch, and enclosing the central cavity of the innermost bladder, which is 

* either empty, or tilled with liquid atnylone. 

The following table exhibits the greatest diameter of several kinds of starch- granules, 
according to Payen : — , 

Slurch from: Millimetre. 

Large Rolmn potatoes . . . t 0*186 

Menispermum fan stratum (Colombo- root) .... *180 

Rhizomes of Camut gig an tea ....... *176 

i» » Canna discolor ....... *160 

tl „ Mar onto, arundinacca (arrowroot) . . . *140 

Various kinds of potato , . *140 

Bulbs of I he lily « . . *11.5 

Tubers of Osalis craiuta *100 
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•Aaratum ) . 


Stem of a Tory large Echinoeactus erinaeeus (imparted) 
Sago . . ^ 

Broad beans .... 

Lentils ..... 

Haricot-beans .... 

Peas . . . . 

Grain of white wheat 
Fresh pith of sago-tree ( Cycadca) 

Hyacinth- bulbs 

Tubers of Spanish potato (Batatas edulis ) 

Co mis of Orchis tatifoiia und O. bifolia 
Maize (while, yellow, and violet) . 

Fruit of Chinese sugarcane ( Sorghum sc/co 
Stem of Cactus peruvianas 
Seeds of Matas major 
Stem of Cactus pereskia grand i flora 
Seeds of Afjoytoffiton distachyvm 
Stem of Ginkgo biloba ( Stilish uria adiant hi folia) 

„ Cactus brasifit ns is 
Fruit of Panicitm italicum 
Hull-grown needs of Maws major 
Pollun of Ulvbba nutans .* . . 

Stem of Cactus JlagiUiformis . 

M ds htnocuctus t rinaccus (grown iu 1 
Pollen of Hit pin maritima 
Stem of Opun/ut tuna ami Fu ns indica 
„ Opuatia curassavica . 

Fruit of Panic tun ini/Uicrvm (millet) 

Stem of Cactus mam mil aria discolor 
Bark of A(j tan thus gfamlulosa . . 

Stem of Cactus serpent in us 
Parsiicps ..... 

Pullen of Matas major 
Stein of Cactus monstruosus . 

Seeds of beetroot .... 

„ ChcitojtodiuM Quinoa , 


hothouse) . 


‘076 

•070 

*075 

*067 

•063 

*050 

•060 

•046 

•045 

•045 

•045 

•030 

•030 

•030 

•030 

•0225 

•0225 

•022 

•020 

016 

•016 

015 

•015 

•012 

*011 

•010 

•010 

•010 

•008 

008 

*0076 

•0075 

*0075 

*006 

*004 

*002 


The specific gravity of starch is 1505 at 19*7° (Pay on). Wlion pure it is neutral, 
and has neither taste nor smell. It niuy bo dried complete ly in a vstenmu at 100°, but 
at ordinary temperatures it always retains a certain quantity of water ^ front 12 to 18 
per cent.) mechanically interposed between the granules. 

Starch heated to 160° is converted into dextrin (ii. 318) ; first, however, according to 
Masehke, into the soluble modification of starch mentioned below. 

By dry distillation it yields carbonic anhydride, gaseous hydrocarbons, water, acetic 
acid, and enipyreumatic oil, and loaves a porous cinder. In the open tiro it softeus, 
swells up, evolves choking vapours, und at last burns with a bright flame. 

It is oxidised slowly by oaygen, more quickly by oconisid air, yielding but little 
carbonic anhydride. By distillation with manganic pi reside and dilute sulphuric acid, 
it yields carbonic anhydride, aqueous formic acid, and furfurol. 

Starch, so long as it retains its natural state of aggregation, its insolublo in water, 
alcohol, and ether ; but when it is placed in contact with hot water, the water pane* 
trates between the different layers of which the granules are composed, swelling them up, 
and forming a gelatinous muss known as starch-paste, and used for stiffening linen, 
&c. If this paste be largely diluted with water, the swollen starch-granules slowly 
subside, whilst a certain quantity of amylaceous matter remains iu solution. 

When wafer into which one or two hundredths of starch lias been introduced is 
heated to boiling, the grains swell, and disintegrate till they aj>|>oiir to be dissolved in 
the water; but on exposing the liquid to a temperature below 0°, the water freezes, 
and the starch, recovering a certain degree of aggregation, separates from the liquid in 
the form of small pellicles. ^ 

When starch is boiled under pressure at about 150°, with from 5 to 15 times its 
weight of water, a thin solution is obtained, which may be filtered from the insoluble 
portion ; this liquid, as it cools, deposits minute spherical granules, which, when dried, 
have the whiteness of starch without its glistening aspect. These granules are 
slightly soluble in cold water, bat are readily dissolved when the water is heated to 
70° or upwards. .This soluble starch, which is distinguished from dextrin (ii; 312) 
by being turned blue by iodine, and by possessing a greater dextro-rotatory power 
(*211° according te B 6 champ, whereas that of dextrin is 176°), is likewise produced 
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for a certain time witi sulphuric acid, by Heating wimgiaacu acetic a&d m a 
sealed tube, or with strong nitric acid tiii red vapours begin to pass oft; by boiling 
with chloride of zinc*, and by trituration for a short time in the cold with strong sulphuric 
acid. If, however, the action of the diastase takes place at a temperature of 66°—80° 
(it ia completely interrupted by boiling), or if the heating with dilute acids be con- 
tinued beyond a certain time, the starch is converted into dextrin •, and ultimately into 
dextroglucoee, . , , 

Starch is also converted into dextrin and sugar by boiling with aqueous oxalic or 
dilute acetic acid; by contact with glutin at a moderately high temperature, also by 
contact with saliva ; into sugar also by contact with beer-yeast, and with various 
animal substances — viz., pancreatic juice, gelatin, mucous membrane, wine, bile, sper- 
matic fluid, blood-serum, animal tissue, and by watery infusions prepared at 40° from 
the heart, brain , lungs, liver, kidneys, spleen, and muscles . (Gm. xv. 92.) 

On the conversion of starch into dextrin and sugar, see also Musculus (Compt. 
rend. liv. 194 ; Ann. Ch. Phys. [3], lx. 203 ; Jahresb. I860, p. 502 ; 1861, p. 717.) 

Starch dissolves in glycerin when heated therewith for a considerable time, and is 
precipitated in the soluble modification by addition of alcohol to the solution. (W. 
Kabsch, Zeitschr. anal. Chem. ii. 216.) 

Starch triturated in the cold with oil of vitriol , is converted successively into soluble 
starch, sulphamidonic acid, dextrin, and sugar. 

With nitric acid, starch yields various products, according to the strength of the 
acid, the temperature, and the duration of the action : 

a. Cold concentrated nitric acid (specific gravity = 1*52) dissolves starch without 
evolution of gas; water added to the solution precipitates xyloidin or nitramidi n, 
C*H*(N0 3 )0 5 , as a white powder (Braconnot, Pelouze). If water is added imme- 
diately, nothing remains dissolved ; but if the solution is allowed to stand, it gives 
with water less and less xyloidin, and at last none, while a substance resembling 
saccharic acid remains in solution. (Pelouze, Compt. rend. vii. 713.) 

b. If starch is mixed with its own weight of concentrated nitric acid, and twice its 
weight of ordinary nitric acid (2NH0*.3H 9 0), and allowed to stand for 24 or 30 hours 
at the mean temperature, or if it is mixed with enough common nitric acid to form a 
thick mud, and heated in the water-bath until red fumes aro evolved, unorganised 
insoluble starch is at first produced, then Btarch soluble in hot water, and lastly starch 
soluble in cold water (Becham p). — Starch that has been moistened with ^ per cent, 
nitric acid and water, and then allowed to dry spontaneously, yields dextrin when 
heated (Pave n). A mixture of starch with 2 per cent, nitric acid and 4 per cent, 
water, dried at first in the air, afterwards in a water-bath, gives, with 5 parts of warm 
water, a solution which solidifies to a jelly like lichenin on cooling, and gives sugar 
when boiled with acids. (Mitscherlich, Pogg. Ann. lv. 121.) 

c. Hot nitric acid, either concentrated or dilute, employed in excess, evolves nitrous 
gas and forms oxalic acid, together with malic ana acetic acids. — Nitric peroxide 
actingon starch neither evolves gas nor produces oxalic acid. (Bouijs -Ballot, J. pr. 
Chem. xxxi. 211.) 

A mixture of strong nitric and sulphuric acids converts starch into an explosive com- 
pound, analogous to or identical with gun-cotton (De Vrij, Compt. rana. xii. 120). 
According to B6champ (Ann. Ch. Phys. [3], lxiv. 322), the product consists of 
nitroxyloftlin or dinitramidin, C*H B (NO 9 ) 9 0 ft . 

Cklorine-gas , either dry or moist, does not act upon starch either at ordinary tempe- 
ratures or at 100° ; when starch is exposed under water to the action of chlorine for 
eight hours, only j^is decomposed, with evolution of carbonic anhydride (LiebigV — 
Starch distilled with hydrochloric acid and manganic peroxide yields, among other 
products, trichlorinated acetic aldehyde (chloral) and pentachlorinated propionic alde- 

When bromine-water is added to a solution of starch in dilute hydrochloric acid, an 
orange-yellow powder is formed, consisting of a compound of starch with bromine, 
which, however, cannot be dried without loss of bromine. 

Starch-paste is coloured deep-blue by an aqueous solution of iodine , or by mixing it 
with solution of potassic iodide, and then adding a drop of chlorine-water, nitrous acid, 
sulphuric acid, &c., to set the iodine free. This blue coloration, which affords an 
extremely delicate test either for starch or for iodine, is due to the formation of a 
loose combination of starch and iodine, or perhaps to the mere mechanical precipita- 
tion of the iodine uppn the starch, inasmuch as it is destroyed by alcohol, potash, 
sulphydrie acid, and in general by all liquids which take up lie iodine. The liquid 
may also be decolorised by ebullition, whereby the iodine is volatilised ; if, however, 
the boiling be not continued for a sufficient time t-o volatilise the whole of the iodine, 
the blue colour reappears as the liquid cools. When potato-starch is powdered in a 
mortar with cold water, the filtered liquid is coloured blue by iodine ; this effect is not 
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observed with wheat-starch, the grain of which, being sot crushed under 

the pestle (Bed wood, Report. Pham. [8], xxxix* 84). Rwmfchigthe various circum- 
stances which affect and modify the blue colour, see &rnelin V Handbook, xv. 07. 

Starch slowly absorbs fluoride of boron, becoming liquid, but without coloration. 

Starch heated with five times ita weight of potassic hydrate and a little water, gives off 
hydrogen at a temperature much below redness, and forms potassic oxalate (Gay- 
Lussac). By digestion with potash-ley for twelve hours, at 50° or 60°, it » 
converted into dextrin (Payen). Soda acts in like manner. 

Starch-paste yields, with baryta- and time- water, precipitates consisting of im- 
pounds called Amilate of barium or calcium. A dilute solution of starch, mixed 
with ammoniacal acetate of lead, yields a precipitate of plumbic amilate, 
C ,5S H ,B Pb"0 J *.Pb"0. 

According to Bio n dean (Compt rend. lix. 403), starch unites with ammonia, 
forming the compound, C“lI ,0 O a .NII* on lied a midi a, which acts like a weak base, 
uniting with acids, but is not capable of decomposing metallic salts. 

The aqueous solution of starch is precipitated by tannic acid . 

Estimation and Separation of Starch . — The following method of estimating starch 
in vegetable organs, &c., given by Dragendorff (Jahrosb. 1862, p. 631), depends upon 
the insolubility of starch in alcoholic potash, and its solubility in diastase and when 
heated with dilute acids. Two or three grains of the substance dried at 160°, and 
pulverised, are mixed with 25 to 30 grains of a solution of 5 to 6 pts. potassic hydrate 
in 04 to 06 pts. of absolute alcohol, and digested at 100° for 18 to 30 hours in a 
sealed tube (or a flask which can be closed airtight); and the contents are thrown, while 
still hot, on a weighed filter and thoroughly washed, first with hot absolute alcohol, 
then with cold spirit of ordinary strength, and finally with distilled water mixed 
(in the case of gummy substances) with a small quantity of alcohol. The filter, with 
its contents, is dried, first ut 50°, then at 100°, and weighed. The difference between 
tho weight thus obtained and that of the original substance gives the quantity of pro- 
tein-substances, fat. sugar, and part of the salts present. The residue, together with 
the filter cut in pieces, is next heated with water containing 5 pur cent, hydrochloric 
acid, till a sample is no longe r turned blue by solution of iodine ; and the residue 
separated from t he acid liquid is washed, dried at 100°, and weighed. The Io^h of weight 
thus found gives very nearly the quantity of starch in the .substance under examination. 
Aliy mineral substances insoluble in potash, alcohol, and water, but soluble in hydro- 
chloric acid, thut would introduce an error, may be estimated by evaporating the acid 
liquid to dryness, and incinerating the. residue at as low a temperature as possible. 
This error may also be avoided by extracting the starch witli concentrated extract of 
malt at 56°, instead of acidulutod water. In the case of substances which contain a 
large quantity of mucus, it is beat to perform the extraction with u concentrated 
solution of common salt slightly acidulated with hydrochloric acid, and wash tho 
insoluble residue with weak spirit. 

The residue left after the extraction of the starch contains cellulose, mucus, lignin, 
cuticula, and cork-substance, the last four of which may be separated from the cellu- 
lose by digestion with chlorate of potassium and dilute nitric acid. 

Starch may also bo estimated by converting it into glucose, and determining tho 
quantity of thut product. For this purpose Siegort (Jahresb. 1866, p. 743) 
digests one gramme of the air-dried substance (potatoes for instance) with 50 c.c, water 
and 2 grammes oil of vitriol on the water-bath for two hours ; then dilutes to 100 c.c., 
and again warms 60 c.c. of the filtered liquid with 4 grammes of sulphuric acid to 96° 
for seven or eight hours. The sugar-solution thus obtained is then made up to 100 c.c. 
with water, or, if very much coloured, with basic acetate of lead, and the amount of 
sugar is determined with an alkaline cupric solution in the usual way (ii. 866). 

Starch immersed in a saturated solution of bromide or iodide of potassium swells up 
to a pasty mass of 20 to 30 times its original volume, which dissolves in water, leaving 
only a very small quantity of membra*#) ; and on adding iodine-water to the solution, 
the blue compound of starch and iodine is precipitated in flocks. As cellulose is not 
affected by bromide or iodide of potassium, these salts may be employed for detecting 
and separating starch in vegetable tissues. Dilute solutions act less strongly. 

Animal Starch (?) — A substance, supposed to be starch, has been observed in certain 
parts of the animal body. Granules, which after being moiatened with oil of vitriol 
turn blue on addition of iodine, occur in the brain, and formations of similar character 
occur in the spleen, liver, kidneys, and mucous membranes in certain states of disease, 
and in small quantity even in health. This substance, however, is not true starch, ss it 
contaips nitrogen, and docs not yield sugar when heated with dilute acids. 

Glycogen, the sugar-forming siibstance of the liver, has the same composition as starch 
(ii. 906). 
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ITAM, UICXSA OF. See Spec 
STAMF tmTHXTS. A borato^j 
beds of Stfissfurth near Magdeburg, in;7i] 
hardncfp m A to 6, and specific gravity^ 
recent' analyses by Heintz and Ludwigs 10 


fmi* (p. 304). 

*imagnesmrn, occurring in the salt- 
\$4ng a microcrystalline structure: 
" ^Contains, according to the mean of 
mi chlorine .2' 7 7 magnesium, 26*24 


magnesia, 60‘§2 boric anhydride, and 1*97 watefry, agreeing^f&arly with the formula 
^M^Pl*.2(3Mg"0.4B 3 O 3 ) + 4 aq. ( Earn nuisberg'sMmcralcheMe^ {>. 256.) 
p rATMBi A genus of plumbaginaccous plants, growing ip tlie neighbourhood of 
fm> sea or of salt-springs, and containing considerable quantities of common salt. 100 
pts. of Statice G metin', air-dried, yield 7 7 per cent, ash, of which 11*5 per cent, are 
soluble in water, and 88*5 per cent, insoluble. St. suffruticosa yields 5*7 per ceut. 
ash, of which 45*75 per cent, is soluble in water. The soluble portions of the two 
contain, in 100 pts. : 

K-RO 1 . Nr*SOi. N.iCI. Na 2 C0 3 . NaHO. 
Statice GmeUni . 22 2 29*7 29*0 7*0 

Statice suffruticosa 18*4 24*8 46*0 2*7 1 2 

8TAUROLZTE. Staurotidc, Granatite , Croi&itte, Pierre de Croix , Schorl 
cruciformc grenatite . — Thts^ names are applied to certain silicates of alum nium 
occurring in trimetric crystals, often forming cruciform groups, on the St. Gothard, in 
the Ural, and other localities. Staurolite from the St. Gothard has the composition 
4Al 2 0\3Si0 !i ; that from Airolo, in Tessin, is lOAFCF.OSiO 2 ; that from Polewskoi, iu 
the Ural, is 8Al a 0\9Si0 2 ; that from Brotagno is 5AF0 3 .6Si0-. (See Silicates, p. 255 ; 
also Dana, ii. 261 ; Rnmmelsb erg, p. 567.) 

The name staurolite is also used as a synonym of harmotorae. 

BTATTROSCOPX2. An optical instrument, invented by F. v. Kobell, for ex- 
amining the polarising structure of crystalline bodies. (Fogg. Ann. xcv. 320 ; J. pr. 
Chem. lxiv. 389.) 

STATOOTXDII. Syn. with Staukolite. 

BTEAKAMinB. C ,8 H”NO N j Obtained by heating ethylic 

stearate with alcoholic ammonia for 20 to 25 days in a sealed tube immorsed in a 
salt-bath, and purified by reerystallisation from hot alcohol and repeated washing 
with cold ether. After melting it solidifies at 107*5°. (C ar let, Bull. Soc. Cliim. 
[1859], i. 76.) 

( C ,s H Si O 

BTEAXANXUDE. Phcnyl-stear amide. C 3, II 41 NO = N J C*H* . — When an 


STB^RA»CX3)B. C ,8 H”NO 


N J C«H* 1 
( H . 


excess of aniline is distilled over stearic acid heated to 230° in an oil-bath, the whole 
of the stearic acid is converted into anilide. The product is purified by repeated 
crystallisation from alcohol : 

C IB II 38 O a + C 6 H 7 N * C 34 II 4, NO + IPO. 

It forms white, delicate, shining needles, melting at 93 6°, and solidifying to a mass 
of radiated crystals. — An alcoholic solution does not precipitate nitrate of silver. 

STBAJUBSTB. See Stearone. 


STEAREBZN. The fat contained iu the wool of Merino sheep is, according to 
Chevroul (J. Fharm. xxvi. 123), & mixture of a more liquid fat, elaerin, and a 
more solid fat, stearerin. This latter melts at 6(P, and dissolves only in 100 pts. 
alcohol of specific gravity 0*806, whereby it may be separated from the much more 
soluble elaerin. When treated with strong potash-ley, it yields a salt, stearerate of 
potassium, which is more like a resin-salt than a true soap. The fat is probably 
only a mixture. 

STXL&ltlC ACXD. C^H 16 *) 2 = C 1 B H w O | q _ 6 ^ ar ^ (€t marganux, 

7'algsdure. (Chevroul, Anu, Chim. lxxxviii. 225: Ann. Ch. Phys. [2], ii. 854 ; xxiii. 
19 j llecherches sur les corps gras . — Braconnot, Ann. Chim. xciii. 250. — Redten- 
ba.cher, Ann. Ch. Fharm. xxxv. 46. — Bromeis, t hid. xxxv. 86; xxxvii. 303. — 
Stenhouse, ibid, xxxvi. 57.— Erdmann, J. pr. Chem. xxv. 497.— Francis, Ann. 
Ch. Pharm. xlii. 256. — Gottlieb, ibid, Ivii. 35. — Laurent and Gerhardt, ibid. 
lxxii. 272. — Hardwick, Chem. Soc. Qu, J. ii. 232.— Crowder, Phil. Mag. [4], iv. 

21. Heintz, see references under Myrtstic Acid, iii. 1069. — Berthelot, Ann. Ch, 

Phys. [3], xli. 216, 482; xlvii. 297.— Pebal, Ann. Ch. Pharm. xci. 138.— 0m. xvii. 
103.) 

Stearic acid was discovered by Chevroul as a constituent of the more solid fats of. 
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tho animal kingdom. lt is zid^PpH|tidAnt in these, especially in beef- and mutton- 
suet; but exists also, together ^^^temiUfcJmyristic acid, &c., in the softer fats, sucli 
as the butter of cow’s milk, hiHnah'Tn^^Mtof the goose, of serpents, of centharides, 
and in spermaceti. It occurs Utra^Hwetable fats, especially in cacao-fot ; less 
abundantly in olivo-oil, in the fat-^^M^n|^anustard, in tlic fat of ISrintlojUa indica, 
and many others. TJ^stearophafitr aMpUEroared by Francis from the berries of 
Cocculue indicicS) ancUflto bassic a&d, obtained by Hardwick from bassia-oil, have 
been shown by Crdwdcr to be identical with each other, and by Heints . tqLbo 
identical with the stearic acid obtained from mutton-suet. Stearic add appears, tmm, 
to be a frequent constituent of fats, both of the animal and of the vegetable kingdom! ; 
it rarely, however, occurs in tho free state, but almost always ns a glyceride, viz. in tho 
form of tristearin (p. 422). In tho fat of coceulus-grains, part of the stearic acid is in 
the free state. 

Preparation. — Stearic acid is prepared from beef- or mutton-suot, or bettor from 
cacao-fat, by saponifying the fat with soda-ley, boating tho soup-pa&to with water 
and diluto sulphuric acid, removing tho separated fatty acids after cooling, washing 
them with water, and then dissolving them in as small a quantity as possible of hot 
alcohol. On cooling, tho greater part of tho solid acid separates out, while tlio oleic 
acid remains in solution; and maybe separated by subjecting tho mass, aft or draining, 
to strong pressure, rcdissolving tho residue in a small quantity of hot alcohol, leaving 
it to separate by cooling, and again pressing the solid mass. From th© mixture of 
solid fatty acids thus obtained, tin* stearic acid may be separated, in a comparatively 
pure state, by repeated crystallisation from considerable quantities of alcohol, only tho 
portion which first separates being ouch time selected. Hut to obtain pure stearic 
acid, it is bettor to subject the alcoholic solution of stearic and palmitic acids to frac- 
tional precipitation with acetate of lead, barium, or magnesium, tho stearate then 
separating out first. 

For this purpose Heintz dissolves the impure stearic arid (4 pts.), melting nt about 
60°, in such a quantity of hot alcohol that nothing will separate out on cooling, even 
to 0 Q , and mixes the hot liquid with a boiling alcoholic solution of magnesia acetate 
(1 pt.). The magnesium-salt, which . epamtes on cooling, is pressed and boiled for 
some time with u largo quantity of dilute hydrochloric acid, and tho Htcaric acid 
thereby separated is repeatedly crystallised from alcohol, till it melts constantly 
between 61) J and 70°. 

Stearic acid is also easily prepared from stearophani n (? tristearin), the fat of 
coceuius-bemes, by saponifying it with potash, salting out tho soap, decomposing it 
with hydrochloric acid, and crystallising Lhe separated fat from alcohol. Tho fatly 
acid is thus obtained in small needles, melting at 68° : probably not quite pure steario 
acid. 

According to Buff and Oud cm an ns (.T. pr. Chem. lxxxix. 215), the best matcriul 
for the preparation of stearic acid is shea-b utter, which contains about 70 per cent, 
stearic and 30 per cent, oleic acid, but no other solid fatty acid. 

On the large scale, impure stearic acid is prepared for the manufacture of stearin-candles 
by saponifying some of the harder fats, generally with lime. Tho resulting lime-soap, 
decani ;>osod by sulphuric arid, yields a mixture of fatty acids, which arc pressed first 
in the cold, and afterwards at a higher temperature, in order to separate the oleic acid 
from the less fusible palmitic and stearic acids. 

Another method, applied chiefly to palm-oil, consists in decomposing the fat with 
superheated steam, described under Glyckuist (ii. 885).— A third mothod consists 
in treating the fat with sulphuric arid und diaLilling the product. When it hot fat is 
brought in contaet with strong sulphuric, acid, !t. is immediately resolved into 
fatty acid and glycerin, which unites with the sulphuric acid, forming glyceryl- 
sulphuric acid. In th© original process, patented by Gwyune, Wilson, and Jones, 37 
per cent, sulphuric acid of 60°. Bin. was introduced into the hot fat, and the mixture 
was heated for 24 hours to 00° — 92 J . It was soon found, however, that t he quantity 
of sulphuric acid might be considerably diminished (5 to 9 per cent, being sufficient for 
many fats), provided the temperature was raised proportionately higher (to 155° when 
the quantity of sulphuric acid was small). (For details of the stearin-candle manu- 
facture, see Ure* 8 Dictionary of Art* , &c., iii. 754; Chemical Technology ,-vol. i. part ii. 
p. 432; Handw . d. Chem . viii, 201.) 

Properties . — Pure stearic acid crystallises from alcohol in nacreous laminae or 
needles; it is tasteless and inodorous, and haB a distinct acid reaction (ChevreuI, 
Heintz). At low temperatures it is heavier than watar, having a specific gravity of 
1*01 at 0° (Saussure) ; but between 9® and 10°, its specific gravity is tb© same aa 
that of water. It melts at 69° — 69-2° (Heintz) to a colourless oil, which on cooling 
solidifies to a white, scaly, crystalline mass, 1 ami no-crystalline on the recently- 
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fractured surfaces* The impure acid solidifies in masses of acicular dr wavellitic 
structure. The melting-point was found by Chevreul to be 75° ( solidify ing-point 70°) 
by Duffy 68° (solidifying-point 65*8°), by 8 ten house 69°; by Redtenbacher, Kopp! 
‘and others, 70®; by Hardwick, 70-5°. Pebal found that the purest acid molted at 
69’2®. . 

When stearic acid is moltod with more fusible fatty acids, the mixture fuses, not 
at the medium fusing-point, but mostly at a lower temperature, often even below that 
of the most fusible acid in the mixture : this phenomenon is similar to that which is 
exhibited by many metallic alloys, as of lead with tin, or with tin and bismuth. The 
following tables exhibit tho melting-points and modes of solidification of mixtures of 
stearic acid with lauric, myristic, and palmitic acids, in various proportions, as de- 
termined by Heintz : 


1. Stearic and Lauric Adda. 

A mixture of : — 


BB 


Veits at 

Mode of solidifying. 

10 

20 

30 

40 

60 

60 

70 

80 

90 

90 

80 

70 

60 

60 

40 

30 

20 

10 

41*6° 

38-5 

43-4 

60-8 

65-8 

690 

620 

64-7 

670 

Non -crystalline 

Non-crystalline, warty 

Small shining crystalline facets on the surface 
Warty, non -crystalline 

Scarcely crystalline, slightly granular 

Moro distinctly granular ; commencement of 
scaly crystallisation 

Somewhat more distinctly granulo-Bcaly 
Distinctly scaly-crystalline 

The same 

A mixture of : — 

2. Stearic and Myristic Acids. 

Stearic acid. 

Myrlitic acid. 

Melts at 

Mode of lolidiiying. 

10 

00 

61-7° 

Non-crystalline, opaque 

20 

80 

47*8 

Indistinctly crystalline % 

. 80 

70 

48*2 

.Lamino-crystalline 

40 

60 

60*4 

Beautiful broad lamin» 

60 

60 

64*5 

Non-ciystallino, opaque 

60 

40 

69-8 

Neither needles nor lamina; commencement 
of scaly crystallisation. 

70 

30 

62-8 

More distinctly scaly 

80 

20 

660 

Still more distinctly scaly 

00 

10 

671 

Scaly-crystalline 


3. Stearic and Palmitic Acids. 

A mixture of: — 


Stearic acid. 

Palmitic acid. 

Meita at 

Solidifies at 

Mode of solidifying. 

90 

10 

672° 

62*6° 

Scaly-crystalline 

80 

20 

65-3 

60-3 

Finely aciculo-crystalline 

70 

30 

62*9 

69*3 

Tho same 

60 

40 

60*3 

66*5 

Rough, non -crystalline 

60 

60 

66*6 

650 

Broad, lamino-crystalline 

40 

60 

56*3 

64-5 

H'he same 

35 

65 

56*6 

54-3 

Non -crystalline, wavy, shining 

32*6 

67*5 

66*2 

640 

The same 

30 

70 

651 

54*0 

Non-crystalline, wavy, dull , 

20 

80 

57*6 

63*8 

Scarcely acicular 

01 

90 

60*1 

64*5 

Beautifully acicular 


4. Stearic , Palmitic, and Myristic Acids , — The melting-point of a mixture of 32*5 
per cent, palmitic acid with 67*6 per cent, myristic a^d, which is situated at 46 2°, 
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rink* lower when to 20 yts. of this mixture there are added from i to 7 pta. of 
stearic aoi<T; the melting-points of the several mixtures are as follows 


With' 1 pt stearic acid the melting-point 

2 w » 


3 

4 

5 

6 

7 

8 


n i» 

ii »> 

II M 

If If 

If II 

If ff 


is 45*2® 
44 5 
44*0 
43*8 
44*6 
45*4 
460 
46‘ff 


These mixtures solidify to non-crystalline masses. (Hein tz.) 

5. Stearic and Mar g uric Acids. — Mixtures of these two acids melt more easily than 
Btearic acid, but only a few of thorn less easily than margaric acid. . They solidify 
almost in the same manner as unmixed fatty acids, differing therefore in tins respect 
from mixtures of stearic with palmitic acid. (Ileintz.) 

A mixture of : — 


Stearic acid. 

Margaric acid. 

4felti at 

10 

90 

59*5° 

20 

80 

59*8 

30 

70 

60*8 

40 

60 

61*2 

60 

60 

62*0 

60 

40 

63*1 

70 

30 

64*7 

80 

20 

66*2 

90 

10 

67*6 


Mode of solidifying. 


Scaly-crystalline 

Tho same, but less distinctly 

Like the lost 

The same 

Tho same, but less pearly 

Tho same 

The same 

The same 

Scaly-crystalline 


Pure stearic acid expands very strongly when heated, especially at the moment of 
fusion (about 11 percent.), and contracts so much in solidifying that cast lumps appear 
porous. Its volume, thaj at 0° being taken for unity, is 1*038 at 60°, 1*064 at 00°, 

1 079 at 70°, and by fusion tho volume at 70° increases to 1*198. 

The volume of the solid acid at different temperatures is expressed by the formula: 

V « 1 + 0 0013490 t + 0*000034007 t* + 0*00000044180 <•; 
and that of the liquid acid by — 

V - 1*1980 + 0*0010093, or V 9 « 1 + 0*0008423; 
where V is the volume of the solid acid, =» 1 at 0° ; V', the volume of the liquid acid, 
“ 1 at 70°; t denotes temperatures below 70°, and B. temperatures above 70° (Kopp, 
Ann. Ch. Pharm. xciii. 184). The specific gravity of the fused acid =» 0*854 (Saus- 
sure). It solidifies on cooling in a scaly crystalline mass, or in shining needles. 

Stearic acid distils in a vacuum, and in quantities of 15 to 20 grammes, under the 
ordinary atmospheric pressure, for tho most part without alteration. When heated to 
300 — 330° fn a sealed tube for several hours, it does not alter either its appearance or 
its melting-point, or give off either gas or water. (Berth olot.) 

Stearic acid is insoluble in water, moderately soluble in alcohol , more readily in » 
ether, benzene, sulphide <•/ carbon, and oil*, both fixed and volatile. 

The composition of stearic acid is determined by the following analyses : 



Calculation. 

Chevreul. 

, Redten- 

Sten- 

Erd- 

Hard- 

Francis. 

^ 


V 


bacher. 

house. 

mann. 

wick. 


C" . 

. . 216 

76*06 

76*30 

75*51 

76*75 

76*50 

7818 

74*73 

H m . 

. . 36 

12*68 

12*43 

12 86 

12*78 

12*81 

12-86 

12*46 

0* . 

. . 32 

11*26 

11*27- 

11*63 

11*47 

10*69 

11-01 

12*81 

c*n»o* 

. 284 

' 100 00 

100*00 

100*00 

100*00 

100*00 

100 00 

100*00 



Laurent end Gerhardt. 






Crowder. 

Gottlieb. 

a. 

6. 

Helots. 

Pebal. 

c . . 

. 76*91 

76*29 

75*41 

76*60 

75*57 to 75*88 

76*84 to 76*15 

H • * 

. 13*01 

12*83 

12 53 

12*61 

12*59 „ 

12*86 

12*83 

12*71 

O . . 

. 11*08 

10*88 

12*06 

11*79 






100 00 

100*00 

100*00 

100*00 






The fovnrakft (Chevreul), 0*13*0* (Redtenbacher, Erdmann) 

0*8*O l (Stenhonse), 0*8*0*, or (Gerhardt), hare been successively 
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proponed for stearic acid. Laurent and Gerhardt gave the formula * &*!!** 0\ or 
C ,7 H* 4 0 3 , according to which stearic acid would be isomeric with margaric"acid. The 
above formula, first proposed by Hardwick for stearic acid separated from bassia-oil 
(bassic acid), then adopted by Crowder for the sfcearophanic acid of Francis, has been 
recognised by Ileintz as the true formula of stearic acid. 

Decompositions . — 1. When 90 grms. of stearic acid are subjected to dry distillation, 
the greater part passes over unchanged, but a smaller portion is resolved into carbonic 
anhydride* water, and stearone; the distillate likewise contains acetic acid, butyric 
acid, a fatty acid of lower melting-point than stearic acid ; also a hydrocarbon of the 
formula OIF", and ketones richer in oxygen than stcarone — these, as well as the hydro- 
carbons, probably resulting from further decomposition of the stcarone. The black- 
brown residue in the retort still contains stearone, but scarcely any fatty acids. 
(Heintz.) 

2. Stearic acid mixed with platinum-black, and heated to 100° in oxygen-gas, forms 
carbonic anhydride, and at 200° is completely converted into carbonic anhydride and 
water (Re i set and Milton [3], Ann. Cn. Phys. viii. 285). It burns in the air liko 
wax, and when heated to 1 80° in oxygen-gas it burns with a dazzling light. With ozone 
it behaves like palmitic acid (iv. 334). 

3. Heated with chromic acid , sulphuric acid, and water, it yields chromic oxide, and 
an acid melting at 64— 65°, the alcoholic solution of which first deposits unaltered 
stearic acid, then an acid (Redtenbachor’s margaric acid) melting between 59° and 
60°. (Redtenbachcr.) 

4. Permanganate of potassium converts stearic acid into stearate and carbonate of 
potassium. (Cloez and Guignet, Compt. rend. xlvi. 1110.) 

6. Hitric acid forms from stearic acid small portions of volatile acids, which mix 
with the unaltered stearic acid, and lower its melting-point (Heintz). When stearic 
acid is heated with 2 or 3 pts. nitric acid, violent action takes place aft or half an 
hour, nitric aeid and pungent gases being given off, and the fused acid being converted 
into a tenacious frothy muss, then becoming clear and mobile, and finally solidifying 
as it cools to a tallowy mas, which molts nt 35° to 45°. According to Bromeis, this 
mass contains margaric acid, and if crude stearic acid has been used, an oil formed 
from oleic acid, and coloured blood-red by potash. After several days* treatment with 
nitric acid, the stearic acid disappears completely, being converted into sohacic and 
succinic acids (Bromeis). Iu later experiments, Bromeis obtained also azoleic acid 
(an acid isomeric with cenanthylic acid), and produced, according to Arppo, by tlio 
action of nitric acid on oleic acid. 

6. Stearic acid fused with phosphoric anhydride forms a yellow mass, which, when 
freed from the unaltered stearic acid, melts at 54—60°, and contains, on the average,. 
80*4 per cent. C, 12 9 H, and 67 O (C;*H«0* ~ 81*2 per cent. C, 12 77 H, and 
6*03 O), and is converted by hot nitric acid into a brittle waxy mass containing 77*25 
por cent. C, 12*22 H, and 10*53 O. (Erdmann, J. pr. Ch«m. xxv. 5(10.) 

7. Dry chlorine gas at 100° converts stearic into chlorostearic acid. (Hardwick.) 

8. Promine heated with stearic ncid and water in a sealed tube, forms a dark-brown 
liquid, which does not altor perceptibly at 100°, but between 130° and 140° is slowly 
converted into a yellow oily mixture of broino- and dibromo-stcaric acids, mixed with 
unaltered stearic acid. Formation of bromostcaric acid : 

C'"JI»O a + Br a - CMOBrO 3 + HBr. 

.When more than 2 at. bromine is used to 1 at. stearic acid, a large quantity of di- 
bromostearic acid is produced, but oven then a part, of tho stearic acid remains unaltered. 

If the heat is raised above 140°, the mass remains brown, or charcoal separates from it. 
(Oudomanns, J. pr. Chem. lxxxix. 193.) 

9. Pfutachloride of phosphorus brought in contact with stearic acid at a moderate 
heat, forma a colourless muss, which soon becomes heated to 150°, turning brown and 
black. When distilled it gives off hydrochloric acid, a small quantity of water, a 
hydrocarbon, stearic ncid, and a solid product less soluble in alcohol than stearic acid. 
(Uhiogzn, Gcrhavdfs Traits, ii. 851.) 

11. ; jpgar&tc of potassium, in contact with oxychloride of phosphorus, becomes 
slightly heated, and at 150° swells up to a dark jelly, perhaps forming chloride of 
stearyl, inasmuch as the product treated with alcohol yields stearate of ethyl. j(Ppbftl.) 

12. When stearic acid is heated with an equal weight of sulphur, a trace of sulphuric 
acid is given off, and tho same products nre formed as when stearic acid is heated by 
itself. (Anderson, Ann. Ch. Pharm. Ixiii.' 373.) 

13. The acid heated with oil of vitriol to 100', for several hours, is decomposed, 
with evolution of sulphurous anhydride, and carbonises at a higher temperature. 
(ChovreuL) 
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14. Stearate of calcium, subj^cM to diy distillation, gives off marsh-gw* and 
olefiant gas (or gases having the sums composition as the latter), and yields a distil- 
late containing a large quantity of si cn rone, with small quantities of other ketones, 
white carlnmate of calcium remains behind. The distillute does not contain any fatty 
acid (H c i n t z). See Stbahoke. 

15. Stearic acid distilled with excess of aniline, yields phcnyl-stearamide. From 
its alcoholic solution mixed with aniline, however, it crystallises unaltered. (Pebal.) 

16. Stearic acid, heated with met hylic, ef hylic, and the homologous a ho Lie, with 
inannite, quercitc , pirate, and sugars, with glycerin, orcin, mcconin, erythrogfucin, 
and cho/estcrm, yields ethereal compounds, formed from the acid and tlio other body, 
with elimination of water. When heated for thirty-six hours with pyrogallic acid to 
200 c , it forms a crystalline compound. (Honing, Conipt. rend. xiv. 11-19.) 

Stearates. — Stearic acid dissolves in a cold aqueous solution of alkaline carbonate, 
probably from formation of acid carl>onAte, but. does not expel the carbouic add, and 
form a mono-acid salt, till heated to about 100°. On the other hand, the stearates 
are decomposed by most other acids, the separated stearic acid rising to the surface as 
an oil when the liquid is warm. The stearates have the consistence of hard soaps and 
plasters, ami are mostly insoluble in water. 

Stearate. 0 / Ammonium . — Stearic acid, cither in tho fused or in the solid state, 
absorbs ammonia-^as without elimination of water, the quantity absorbed amounting 
after a mouth, when the absorption ceases, to 6 # 68 pts. ammonia for every 100 pis. 
of acid (1 at. MJ* — 5 9 pis.). The compound is solid, white, inodorous, has Hit 
alkaline taste, may be sublimed in a vacuum, and then gives off ammonia, but takes 
it up again on cooling. When heated in a vessel containing air, it gives off ti mm on hi, 
and water, and yields a sublimate of acid salt, mixed with empyreumalic oil. Tho 
neutral salt, when protected from the air, dissolves in hot water, especially in ninmo- 
niacal water, and tho solution on cooling deposits the acid salt in nacreous lamina) 
(Chevreul). The solution of stearic acid in hot dilute aqueous ammonia deposit* 
small needles on cooling. Win n heated for some lime, it becomes turbid, and is then 
not clarified by further addition of ammonia. The needles dissolve in alcohol and in 
ether. (Crowder.) 

Stearate of liar item, C n H ’•Hu"!) 4 , is obtained by precipitating tho hot alcoholic 
solution of an alkaline stearate with a hot solution of barium-chloride, or a hot 
alcoholic solution of stearic acid with a hot aqueous solution of baric acetate. It is 
a white crystalline powder, consisting of microscopic lam i me, and having a nacreous 
lustre when dry. It is insoluble in water, and decomposes without melting when 
healed. 

Stearate of Calcium , C* # H T0 tV'O\ obtained by precipitating chloride of calcium 
with a boiling solution of potassic stearate, and washing the precipitate with boiling 
water, is a white, fusible, tasteless powder. 

Stearate of Copper ■, C 3 "H TO (\r() 4 . — Light-blue, bulky, amorphous powder ; melts 
when heated to a green liquid, easily decomposing nt the same time. (H eintss.) 

Stearates of Leail.— The mrmoplumbic salt, C**H 70 Pb"O\ is formed by precipi- 
tating a hot alcoholic solution of the neutral sodic salt with a hot aqueous solution of 
plumbic nitrate, or of the acetate containing a slight excess of acetic acid ; the pre- 
cipitate is washed first with alcohol, then with water. When dry it forms a heavy 
amorphous powder, which is not wetted by water, melts at about 125° to a colourless 
liquid, andsolidifies to an opzqjuo amorphous mass. It is insoluble in other. 

Tho dip lambic salt, C* e H Ta Pb''() 4 .Pb"0, is prepared by boiling stearic acid in a dose 
vessel with triplum bic acetate, and boiling the product first with water, then with 
alcohol. It forms a white, transparent, friable soap-liquid at. 100°. (Chevreul. ) 

Stearate of Magnesium , C ## Il 7# Mg*0\ is obtained by precipitating tho neutral 
■odic salt with sulphate of magnesium, or by supersaturating a hot alcoholic solution 
of stoaric acid with ammonia, adding a sufficient quantity of sal-ammoniac, and then 
an excess of dissolved sulphate of magnesium. After recrystallisation from alcohol, it 
forms dazzling white flocks, consisting of microscopic laminae, which dry un lo a 
light fusible powder. (II e i n t z. ) , 

Stearates of Mercury. — The mercuric salt, obtained by precipitation with mer- 
curic nitrate, is a white easily fusible powder, which softena between the fingers. — The 
mercurous salt, obtained by precipitation with mercurous nitrate, is while moist a 
white granular powder, but becomes grey when dry. It is insoluble in water and in 
cold plcohal, slightly soluble in hot alcohol, more soluble in ether, and easily fusible. 
Stearates of Potassium. — a. The neutral salt, C^H^KO*, separates on cooling 
from a solution of 1 pt. stearic acid and 1 pt potassic hydrate in 10 pts. water. In 
white opaque granules, and may be purified by pressure, solution in 18 pts. alcohol 
Vou V* J£ E * 
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of BDecifie gravity 0 821, and washing the needles, which then Bepar^e with colj 

ZLVl (Cb?vroul). According to Heintz, it » most easily obtained m thep m 
by mixing a boiling alcoholic solution of the acid with a hot aqueous solution 
ofpotaasic carbonate in excess, evaporating the mass to dryness, exhausting the residue 
with boiling absolute alcohol, and leaving the filtered solution to crystallise. It forms 
shining delicate needles, scales, and lamii'ie, which aggregate into a hard soap; it 
has a faint alkaline taste. 

In air saturated with moisture, it takes up one-tenth of its weight of water. One 
pt of the salt forms, with 10 pts. of cold water, an opaque gum, which melts at 99°, 
and solidifies to a pearly gum on cooling. One pt. of the salt dissolves completely in 
25 pts. of boiling water, forming a liquid which is still limpid at 92°, and solidifies 
to a pearly mass on cooling. 

The solution of 1 pt. of the salt in 100 pts. of hot water deposits on cooling a 
mixture of neutral and acid stearate of potassium, while one-fourth of the entire quan- 
tity of potash remains dissolved. When the solution of the salt in alcohol, or in 20 
pts, of boiling water, is mixed with 1,000 pts. of boiling water, or 5,000 pts. of 
cold water, it deposits all the stearic acid as acid salt, whilst half the potash remains 
dissolved in the water. In like manner the neutral salt, when drenched with 5000 
pts. of cold water, 'rives up half its potash, and is converted into the acid salt without 
forming a gum. jn these cases the alkaline water contains a trace of stearic acid in 
solution (Chevreui). It dissolves at 10° in 231 pts. alcohol of specific gravity 
0*794, in 10 pts. at 66°, the latter solution becoming turbid at 55°, and solidi- 
fying at 38° ; in 6*7 pts. of boiling alcohol of specific gravity 0*794, forming a 
liquid which gelatinises on cooling. It dissolves in ethor-alcoliol, and crystallises 
therefrom (Crowder, Hardwick). Boiling ether withdraws from the neutral salt 
a certain quantity of stearic acid, leaving a compound richer in potash. (Chevreui.) 

j8. The acid salt , C‘ 8 H S4 KO*.C , *H S “0*, is obtained by decomposing the neutral salt 
with 1,000 pts. or more of water. When pressed, dried, and dissolved in boiling alcohol, 
it separates on cooling in silvery scales, inodorous, and soft to the touch. It does not 
melt at 100°. It is not altered by cold water, but, when boiled with 1,000 pts. of water, 
yields a milky liquid, consisting of a solution of the neutral Balt, in which a more 
acid salt is suspended ; towards 75° this liquid becomes clearer, but again turbid at 
67° ; if the liquid be filtered at the boiling hoat, the more acid salt remains on the 
filter. 

100 pts, of absolute alcohol dissolve 27 pts. of acid potasHie stearate at the boiling 
heat, but retain only 0*36 pt. of it after cooling to 24°. In consequence of the tendency 
of the alcohol to decompose the acid salt info the neutral salt and stearic acid, the por- 
tion which remains dissolved contains a salt richer in stearic acid than the crystallised 
salt. When the acid stearate is dissolved in boiling aqueous alcohol, and the solution 
is mixed drop by drop with infusion of blue litmus, tho liquid is ultimately reddened 
by the excess of acid in the salt; but on adding a larger quantity of water, which 
precipitates a hyperacid salt, and Bets freo a certain quantity of alkali, the blue colour 
is restored. 

y. Hyperacid salt , C ,8 H 88 K0 , .3C |8 I1 J8 0* (?). — Produced when the Acid salt. & is 
decomposed by boiling water. It melts in boiling water, and solidifies on cooling; 
swells up in cold water. When dissolved in boiling alcohol, it separates into the acid 
salt which is deposited, and stearic acid which remains dissolved. 

Stearate of Silver, C^H^AgO*. — Obtained by adding a solution of 20 prim*, 
of the sodium-salt in 6 or 6 oz. of strong alcohol to a solution of 12 to 13 grms. silver- 
nitrate in an equal quantity of alcohol (Crowder). Amorphous white precipitate, 
very loose, and strongly elect ric when dry. Assumes a purple eolour when exposed to. 
light in the moist state ; not altered by light when dry. Insoluble in water, alcohol, 
and ether, easily soluble in aqueous ammonia. 

Stearates of Sodium. — e*. The neutral salt, C l8 H“NaO*, is obtained, like the 
potassium-salt, by treating a hot alcoholic solution of stearic acid with excess of sodic 
carbonate, evaporating the solution to drynom with addition of a little water, and 
boiling the finely-pulverised residue with absolute alcohol, winch leaves the sodic 
carbonate undissolved. The hot-filtered alcoholic solution is then immediately mixed 
with ) of its volume of hot water, whereupon the greater part of the sodic stearate 
separates on cooling in the form of a jelly, while the water retains in solution the 
small quantity of sodic carbonate still present. The sodic stearate thus separated is 
then strongly pressed, and dried between. 100^ and 120°. 

Neutral sodic stearate is very much like the potassium-salt, but harder. From a 
hot, concentrated, alcoholic solution it separates as a jelly, which, on standing, is con- 
verted into shining translucent laming*. Francis obtained it (from steaTophanic acid) 
in prismatic crystals, having a fine mother-of-pearl lustre. It is tasteless at first; but 
after some l dm§ produces a distinct alkaline taste. It is permanent in air; in moderately 
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dry air, and evon from air saturated with moisture, it absorbs only 7*5 percent, water fa 
twelve days, afterwards not any perceptible quantity. It dissolves in 10 pts. boiling 
water, to a thick semitransparent. mass, which solidifies and becomes opaque at 62°. 
When covered with 600 pts. of cold water, it becomes more opaque in 14 days by 
taking up water, and gives up to the water a trace of soda. With 10 pts. water at 90®, 
it forms a thick, nearly transparent solution, which solidifies to a white mass at 62°; 
and this, when heated with 40 pts. more water, forms a solution which is still filtrablo 
below 1 O0' J , and when mixed with 2,000 pts. more water, deposits the acid salt on 
cooling, while half the soda and a truce of stearic acid remain in solution. It is this 
decomposition by water which rendors the soup available for washing. It dissolves at 
10° in 499 pts. alcohol of specific gravity 0'821, and in 20 pts. at the boiling heat; the 
latter solution becomes turbid at 70°, and solidifies on cooling to a transparent jelly, 
which afterwards becomes opaque, and contracts, from formation of numerous shining 
crystals. Boiling ether withdraws from the salt a small quantity of stearic acid, 
together with a trace of soda, And yields a slight deposit on cooling. (Chev- 
reul.) 

0. The acid salt, C'*H 1A NaO^C ,8 Il*0 2 , is formed, as above mentioned, when a 
solution of the neutral salt in 10 to 40 pts. of hot water is mixed with 2,000 pts. or 
more of cold water, or when a solution of the same salt in 2,000 to 3,000 pts. of boiling 
water is left to cool. It then separates in nacreous laminae. It dissolves in alcohol, 
forming a solution which reddens litmus ; and on addition of a large quantity of water, 
deposits a still more acid salt, while free alkali remains in solution. 

Stearate of St r on tin m, C M H 7# Sr"0*, is prepared by precipitation, like the 
barium-salt, which it resembles in every respect. 

Substitution-derivatives of Stearic Acid . 

Bromoatearflo Acid, C ,a H to BrO*. (Ou deman ns, J. pr. Chem. Ixxxix. 195. V- 
Obtained by heating stearic acid (7 pts.) with water and bromine (4 pts.), in a sealed 
tube, to 130° or 140° at most, till the brown colour of the bromine disappears, and 
the mixture assunnvi the appearance o*’ a yellow oil, cooling to a crystalline solid. 
After washing away the hydrohromic acid, the contents of the tube are dissolved in 
20 tunes their weight of warm alcohol of 80 per cent., and the unchanged stearic acid 
is separated by cooling to —10°. The liquid is then mixed with an equal volume of 
water and an excess of crystallised sodic carbonate, and evaporated to dryness over 
the wafer-bath. The tough saline mass thus obtained is boiled with 10 volumes of 
alcohol of 80 per cent., and filtered as hot, as possible ; and the crystals of sodic bro- 
im in lea rate, which form in the filtrate (and of which more may be obtained by evapo- 
rating the solution), are collected and purified by repeated crystallisation from 
alcohol. The mother-liquor contains dihromost carat c of sodium. 

From the sodium-salt the bromostearic acid is separated by dilute sulphuric acid, ns 
» indistinctly crystalline mass, melting at 41°, and of specific gravity 1*0663 

It is very slowly decomposed by heating with excess of caustic potash . Bromo* 
^tearate^of silver, heated with water, forms bromide of silver and stearidic acid. 

The acid is insoluble in water, but dissolves easily in alcohol and in ether. It 
forms with the alkalis soap-like compounds, which crystallise from alcohol. — Bromo - 
stearate of potassium is more soluble than the sodium-salt. The alkaline bromostearates 
form precipitates with most metallic suits. 

Dlbromoste&ric Add, C WBrW. — Formed as above in the preparation of 
bromostearic acid, and obtained in the form of an uncrysfHlIisable sodium-salt. This 
salt is brown, tenacious, v*rj hygroscopic, dissolves easily in alcohol, and forms with 
water an opaque soapy solution. After drying at 130°, it contains 32 6 per cent, of 
bromine and 6 59 of soda, appruxi mating to tbo formula C'"H”NaBr. (Oudemanns, 
toe, cit.), 

Chlorostearlc Add, C^H^CIO*. Chlorohassic acid (Hardwjck, Chem. ftoe. 
Qu. J. ii. 232). — Formed by treating stearic acid at 100° with dry chlorine, whereupon 
it first becomes thicker, and is ultimately converted into a solid resin, which forms 
with potash an amorphous soap, not ciystallisable from alcohol. The barium-salt 
and lead-salt are insoluble in water. 

IV8ASI6 AJnmmxaa. C**H”0* - (C'*H«0)*0.— Obtained in a similar 
manner to benzoic anhydride (i. 667), but difficult to free from stearic acid. (Ckiozxa, 
Ann. Oh. Pharm. xri. 104.) 

BmzosUaric Anhydride Benzoic Stearate, or Stearic Benzoate , — 

fC , H J 0XC» # H a *0)0.— Obtained by heating potassic stearate with benzoic chloride to 

■ b 2 fi 
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and exhausting the product with ether. Crystallines iff shining lamina, which 
fifeltatiOO 0 . (Chiozza.) 

IT1ABIO BTSBB8. . a. Stearic Ethers containing the Alcohol-radicles , C n H* n+l 
and (OH*")". Methylic Stearate, or Methylstearic Ether , C , *H ,8 0*b« 
C^H^CH^O*. (Lassaigne, Ann. Ch. Pharm. xiii. 168.) — Produced by heating 2 
pta. methylic alcohol with 2 pts. sulphuric acid and 1 pt. stearic acid, or by heating 
stearic acid with methylic alcohol in a sealed tube for a day. It is a neutral, ciystal- 
line, semitransparent mass, insoluble in water, melting at 86° ? (Lassaigne); at 38°. 
(Han hart, Compt. rend, xlvii. 230.) 

Eyhylio Stearate, commonly called Stearic Ether, C‘°H 4 ®0 4 «C ,8 H ,5 (C*H 5 )0 J . 
(Las saigne, loc. nt.— Redtenbacher, Ann. Ch. Pharm. xxxv. 51. — Stenhouse, 
Xxxvi. 68. — Francis, ibid. xlii. 261. — Crowder, J. pr. Chem. lvii. 292. — 
Heintz, see Memoirs cited, iii. 1069. — Duffy, Chem. Soe. Qu. J. v. 19.7. — Pebal, 
Ann. Ch. Pharm. xci. 163.— -Bert helot, ibid, lxxxviii. 312. — Hanhart, Compt. rend, 
xlvii. 230.— Berthelot and Fleurien, Ann. Ch. Phys. [3], lxvii. 79.) — This ether is 
produced : 1. By heating stearic acid wffeh alcohol to 200° ; small quantities are produced 
also by heating the materials together to 100° for 102 hours (Bert helot); or by boil- 
ing stearic acid with alcohol (LaB sai gn c). — 2. By passing hydrochloric acid gas into an 
alcoholic solution of stearic acid (Redtenbacher) ; by heating alcoholic stearic acid 
with acetic acid* to 100°, the whole of the stearic acid then entering into combination in 
102 hours (Berthelot). — 3. By the action of alcohol on the product formed by heating 
stearic acid with pentachloride of phosphorus (Fob al). — 4. By boiling tristearin with a 
solution of sodium in absolute alcohol (Duffy), or by heating tristearin with small 
quantities of alcoholic potash. (Bouis, Compt. rend. xlv. 35.) 

Properties . — Ethylic stearate is a crystalline mass, semitransparent, and resembling 
whito wax. Melts at 33*7° (Duffy, Heintz); at 27° (Lassaigne); 30° — 31° 
(Redtenbacher); 31° (Hanhart); 32° (Francis); 32*9° (Pebal); 33*3° 
(Crowder). Solidifies to a translucent mass (Duffy) ; to a crystalline mass, soft 
at first, afterwards becoming hard and brittle (Heintz). Volatilises a little at the 
heat of the water-bath (Crowder) ; boils at 224° with partial decomposition, leaving 
a residue of charcoal (Duffy). Tasteless ; melts on the tongue, producing a sensation 
of cold (Crowder); has a buttery taste (Francis). Inodorous in the cold; smells 
faintly when Ilea tod. (Francis.) 

It- dissolves very easily in alcohol and in ether , and crystallises from alcohol, but not 
from ether. (Duffy.) 

Decompositwns. — 1. For the decomposition by heat, see above. — 2. By water at 
100°, it is partially resolved in 102 hours into alcohol and stearic acid, more abun- 
dantly by a mixture of 1 vol. acetic acid and 2 to 3 vols. water, the hitter reaction taking 
place without any formation of acetic ether (Berthelot). — 3. Fuming hydrochloric 
acid at 100°, converts it in 106 hours into chloride of ethyl and stoaric acid (Berthe- 
lot). — 4. It is decomposed by alcoholic but not by aqueous potash (Puffy).— 
6. Anhydrous baryta heated with the ether to 200° in a soaled tube, decomposes it 
completely, and the product heated with water yields alcoholate and stearate of barium : 

2C ao H 4fl O* + 2Ba"G . C 9 “H Jtt Ba''0 4 + OIPMk'O*. 

These ure the only products; no ethylic ether is formed (Berthe lot and Fleurien). 
— 6. Heated to 100° with glycerin, it does not yield stearin, even in presence of 
hydrochloric acid. (Bertholot.) 

Ethylknic Stearate, C Sti H r4 0 4 + (Wurtz, Ann. Ch. Phys. 

[3], lv. 436). Glycolic Bistearatc. Glycol disUarique . — Obtained by the action of 
bromide of ethylene on stearate of silver. The product is exhausted with ether, the 
ethereal solution treated with potassic hydrate, and the filtrate loft to evaporate. It 
forms light shining laminae, melting at 76°, aud resembling tristearin. 

Amylio Stearate, =* C ,8 H 34 (C > H I, )0. — Obtained by heating stearic 

acid with amylic alcohol to 200° in a scaled tube for a day ; or by passing hydro- 
chloric acid gas into a solution of the acid in amylic alcohol, or by boding tri- 
stearin with a solution of sodium in amylic alcohol. It is a neutral, soft, viscous, 
transparent mass, melting at 25*5° (Duffy); at 26° (Hanhart). It is decom- 
posed by alcoholic but not by aqueous potash; dissolves slightly in alcohol, the 
solution solidifying to a jelly. The ethereal solution does not yield crystals. 

Octylio Strabath, C^H^O* « C ,, H to (C a H ,T )0 # . — Obtained by heating 
stearic acidssrith octylic alcohol to 200 : in a sealed tube for a day. It is colourless, 
inodorous, tasteless, neutral, and melts at 45°. (Hanhart, loc. cit,) 
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C« True Stkaba** C*‘B« 0* - (Berthelot, Ann. Ch. 

[3] Iri. 70.) — A mixture of I part of ethal with 4 or 5 parts of stearic acid is heated 
to "200° in a sealed tube, for 8 or 10 hours. The product is mixed first with a little 
ether, and then with slaked lime, which takes up the uncombined stearic acid; and the 
whole is heated to 100° for some minutes, and afterwards boiled with ether, whereby the 
ethal and cetyl ic stearate are dissolved, and remain behind on evaporating the solution. 
From the mixture thus obtained, the free ethal is removed by boiling five or six times 
with 6 to 10 pts. of alcohol, and the undissolved cetyl-compound is then allowed to* 
crystallise from ether. It forms broad shining laminae, resembling spermaceti, melting 
at" 6&° to 60°, and cooling to a crystalline solid. It is neutral, but decomposes partly 
by volatilisation, with formation of a little froe acid. 


fi. Stearic Ethers containing other Organic Radicles. — Berthelot {Ann. Ch. Phys. 
[3] xlvii. 324; Chin tie organique , ii. 191 — 219), by heating stearic acid with glucose, 
■ma n a it e, dulcite, pintle, ami quercUe t and purifying the product in the manner described 
under Mannitk (iii. 824), lias obtained the following fatty compounds resembling 
stearin and palmitin: 


Glucic Di stearate 

lhiloitic, Mannitic, Pinitic, Quercitic Distearato 

Duleitie Tetrastearato 

Mannitic and Pinitic Tetrastoarate 


C ,2 H ,8 O f 

c*ii"0 T 

C 78 H*«0* 

C 7, H ,M 0 11 


(C*HT ) 
(C lb H to O)* lO\ 
H* j 
(OH 1 )’* ) 

(c«H«o)*yo*. 

H* ) 


(OH*)* | 
(C IB H**0) 4 J 
(C 8 H B )*» ) 
(C l8 H*»0) 4 > 
H 4 i 


O* 


O’. 


Mannitic Hexstearato 


CniH^O 11 ? 


All these eompoumls, when heated with hydrate of barium, are resolved into stearic 
acid anil the respect ivi: sugars. Their formula? require confirmation. 

Camhiic Stearate, C tt H w O l = C ujpVo| 0? Stearate of Camphyl. Camphol 

stcariqnc. St>«ri» scares Ilortteof.— Obtained by heating stearic acid with borneol 
(i. 62f.) to 2<Hi° for eight or ten hours in a sealed tube ; water is then eliminated, and 
u mass is formed, from which the uneombined stearic acid is romoved by cautious and 
rapid treatment with ether and slaked lime, and the free borneol by heating the 
evajMjrated ethereal solution to 130° in an air-bath for half a day or longer. 

It is a thick, colourless, ami inodorous oil, which solidifies to a crystalline mass 
after some days or months; neutral when freshly prepared; volatilo (without decom- 
position ?), decomposed by alkalis into stearic acid and borneol. — Dissolves slightly 
in cold, and easily in boiling alcohol and in other. (Berthelot* Ann. Ch. Phys. f3] 
ivi. 89.) L ■* 

Glyceric Stearates. Soo Stearins. 

Meconic or Opianylic Stearate, C w H T8 0 8 «^^*^ f Jo 4 ? Stearate qf 

Meconin. Stearate of Opianyl. Mtconinc stiarique : — Formed by heating meconin with 
stearic acid to 100° for several hours; boiling the product with water, which takes up 
uneombined meconin ; and removing the excess of stearic acid with lime and ether, as 
in the ease of cetylic stearate. It is a neutral, white, solid mass, which melts easily, 
and solidifies very slowly. (Berthelot, Ann. Ch. Phys. [31 Ivi. 75.) 

Stearate of Orcin, C^H^O* — (^H^O j ^ — When orcin (iv. 2 1 1 ) is heated 

with stearic acid to 200° in a sealed tube for some hours, a mixture is obtained from 
which water extracts the uneombined orcin. On separating the excess of stearic acid 
from the residue, by means of ether and slakod lime, the stearate of orcin remains 
dissolved in the ether, and may bo purified by evaporation and solution in sulphide of 
carbon. 

It is a slightly coloured, tasteless, neutral wax, which, when heated, evolves an 
odour of orcin ana stearic acid, and volatilises. Combustible. Assumes a red colour 
with ammonia. Heated to 100° for some days, with moist calcic hydrate, it yields 
calcic stearate, and a substance soluble in water and alcohol ; the latter body becomes 
coloured with ammonia, like orcin, but does not form crystals, -* 

Stearate of orcin is insoluble in t ctUer, but easily soluble in ether and bisulphide 
of carbon. (Berthelot, Ann. Ch. Phys. [3] Ivi. 74.) 
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BTMAmmxo JLOXD. cm*<0*. (OudemnniiB, J. pr. €hm, Ixxxix. 193 . ) — 
An acid isomeric with oleic acid, obtained by heating bromosteurate of silver with water. 
It is ah amorphous mass , resembling the soft animal fats; has a peculiar faint odour, 
melts at 35°, and distils unchanged. It dissolves in alcohol more easily than elaidic 
acid, and does not crystallise from the solution. With the alkalis it forms soaps, the 
alcoholic solutions of which give precipitates with metallic salts. 

STBARZNB. Glyceric Stearates. Stearates of Glyceryl. — Stearic ethers formed 
from glycerin, (C*H*)*MF.O*, by the replacement of g, }, or the whole of the typic 
hydrogen by the monatomic radicle stearyl. They may all bo produced artificially, 
by heating stearic acid with glycerin ; tristearin is also a constituent of most of the 
more solid fats of the animal and vegetablo organisms, 

’ (C*H 5 )"') 

Monostearin, C‘ J, H 42 0 4 «= C ,8 H 3a OfO*. (Berthelot, Ann. Ch. Phys. [3] xlt. 

H* > ' 

221.) — Prepared by heating a mixture of equal parts of stearic acid and glycerin to 
200° in a sealed tube for 36 hours, then leaving it to cool. On opening the tube, there 
is found floating on tlio excess of glycerin, a solid layer, containing monostenrin and 
uncombined stearic acid. This layer is melted, mixed with a small quantity of ether, 
then with slaked limfc, and heated to ISO* 1 for a quarter of an hour, whereby the stearin 
acid is mado to unite with lime. The monostearin is separated by exhaustion with 
ether and spontaneous evaporation. 

Monostearin forms very small white needles, aggregated in roundish grains, melting 
at 61°, and solidifying at 60° to a hard, friable, waxy mass. It is neutral in alcoholic 
solution ; volatilises without decomposition in a vacuum. Very slightly soluble in 
cold ether, 

, Monostearin decomposes when heated in a tube, with formation of acrolein. When 
it is heated on platinum-foil, a portion evaporates, while the rest turns yellow, and 
hums with a white very luminous flame. Heated with fuming hydrochloric ac/d 
to 100° in a seuled tube for 110 hours, it is almost wholly resolved into glycerin 
and stearic acid. A trace of a neutral chlorinated liquid is formed at the same time. 
Monostearin is decomposed by heating for some hours to 100° with moist protoxide 
of lead , yielding nearly ‘25 per cent, glycerin (calc. 25 56 p. c. CHPO 8 ). It is not 
decomposed by heating to 100° for 26 hours with alcoholic acetic acid . 

(C’lP)’" 

Distearin, C 33 H T3 0 3 =» (C‘"1W)) 3 
H 

heating monostearm with 3 pta. of stearic acid to 260° for three hours. — 2. By heating 
stearic acid with an equal quantity of glycerin to 100° for 114 hours; or to 275° for 
seven hours. — 3. By heating the stearin of natural fats with excess of glycerin to 200° 
for 22 hours. Separated like monostearin. It forms white microscopic laminae, which 
melt at 58°, and solidify, like monostearin, at 55°. Obtained in needles by 
spontaneous evaporation from ether. Neutral; decomposible by moist oxide of lead 
at 100°. 

Tristearin, C”H M ®0® — (C"H 3, 0) 3 ( °** St * arine OT Substance grasse of Chevreul. 

Suif absolu of Braconnot, Talgfett. (Chevreul, Becherches sur les corps gras . — 
Braconnot, Ann. Chim. xciii. 225. — A. Vogel, ibid, lviii. 154. — Lecanu, Ann. Ch. 
Pharm. xii. 25. — Liebig and Pelouze, ibid. xix. 264. — Redtenbacher, ibid. xxxv. 
195. — Francis, ibid. xlii. 254. — ArzbHcher, ibid. lxx. 239. — Heintz, see Memoirs 
already cited (iii. 1069).— Duffy, Chem. Soc. Qu. J. v. 197, 303.— Berthelot, Ann. 
Ch. Phys. [3] xli. 216, 432 ; xlvii. 297 ; also Chimie oraanigve, ii. 62 et. seg . — 
H. Kopp, Ann, Ch. Pharm.. xciii. 194. — Bouis, Compt. rana. xlv. 36; Jahrcsb. 1857, 
p. 367. — Bonis and Pimentel, Compt. rend. xliv. 1355; Jahrcsb. 1857, p. 356. — 
Cm. xvii. 118.) — This compound was first prepared, though in an impure state, by 
Chevreul ; purer by Braconnot. Berthelot’ s researches have demonstrated the identity 
of the stearin of natural fats with tristearin. It occurs in many fats, especially in the 
solid tallows and lards of the animal kingdom (p. 413). — The stearopkanin of Francis 
is also resolved by saponification into stearic acid and glycerin, but differs widely from 
tristearin in its melting-point (p. 426). 

4 Preparation. — Monost earin is heated for three hours with 15 to 20 times its weight 
of steario acid to 270° in a sealed tube, and the product is purified in the same manner 
as monostearin (Berthelot). Heintz (Ann. Co. Pharm. xcii. 300) heats stearic acid 
with glycerin to 200° for 24 hours, in a sealed tube filled with carbonic anhydride; 
the tub© is then opened ; the glycerin decanted ; the free stearic acid removed .by 
treatment with ether and lime ; and the mass of glycerides dissolved out by boiling 
ether. The mixture thus obtained already contains monostearin, and may be converted 


| O 3 . (Berthelot, loc. cit.) — Obtained ; 1 . By 
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into tristearin, by heating to 270° for eight hours with a huge excess of stearic acid; 
the uncom lined stearic acid may then be removed as before, and the tristearin dissolved 
out by hot ether * 

Chevreui's stearin is obtained, by dissolving mutton -suet in boiling alcohol, and 
recry stallising the fat, which separates out, till the melting-point becomes constant 
Purer than this is Bracouuot’s stearin, obtained by repeatedly melting mutton-suet 
with oil of turpi-ntino : still purer is that of Lccanu, who melts mutton-suet in the water- 
bath, adds an equal quantity of ether, stirring all the while ; presses the fat when 
cold, and recrystallises it till the melting-point rises to 62°. Above this temperature 
the melting-point does not appear to bo raised by repeated crystallisation from small 
quantities of ether; but it may still be raised by repeated crystallisation from 10 to 
100 times its volume of ether. After 32 crystallisations thus performed, the melting- 
point rises to 697° (Duffy) ; but the fat thus treated is still a mixture of tristearin 
and tripalmitin (Ifeintz), as shown by its melting-points and by that of .tho adds 
( * 66*5°) separated from it by saponification. The melting-points of the fatty acids 
obtained by saponifying different varieties of stearin, are as follows:— 


ChevreuFs stearin, solidifying at 44°, yields fatty acidsmelting at 53° 
Bracoimot's „ „ 61° „ „ 62*3° 

Lecanu's „ „ 62° „ l# 66® 

Liebig andf 
Pelouzo’sj n ** 

Hciutz’s „ ,, 62° „ M 64° 


60—62° 


64 — 66° 


From brindonia- billow, according to Bouis and Pimentel, jpuro tristearin may be 
separated by rccrystalliaation, yielding by saponification an acid having the melting- 
point of stearic acid. 

Properties. — Tristcarin forms white, pearly, shining nodules, together with very fine 
noodles (Bouis aiul Pi m en tel) ; small pearly luininw, resembling spermaceti or 
stearic acid (Lucan u). Inodorous ; tasteless ; neutral. Volatile without decomposition 
in a vacuum (Chovreul). A non-conductor of electricity, (Rousseau, J. Pharm. 
ix. 587.) 

Thu stearin of the natural fats, as well as that artificially prepared, exhibits two 
(or three) different melting-points, since when hruted it first becomes fluid and trans- 
parent ; afterwards, when further lie.itod, again solid and opaque ; and, lastly, a second 
time fluid (Ileintz, Duffy, Kopp). It expands when heated, but on first melting 
undergoes a coni ruction of uljout per cent. ; near its second melting-point it again 
expands. and at the moment of melting increases about ft per cent, in volume (Kopp). 
Tallow-stearin melts first at 51—52 , and the second time at 62 u ; at 58° it is quit© 
opaque (Hein tz). With purer or less pure tallow- stearin somewhat different tem- 
peratures are observed. 

This phenomenon is not produced by tho splitting-up of tristoarin into di stearin 
and free acid, inasmuch as alcohol of 56° takes up no stearic acid therefrom (Hei ntz). 
According to Puffy, it is to bo explained by the hypothesis of three modifications of 
stearin. (Glyckuiijvs, ii. 879.) 

a. First modification. — Produced when stearin melting at 697° is heated to 73 7° 
or higher, and then cooled, when it solidifies only at 5 17°. It is solid below 52°, 
but melts at that temperature, passing into the second modification. Shining nodules 
of specific gravity 0*9867 at 15°, 0*9600 at 51 5® (Duffy), 0*987 at 10°. (H. Kopp.) 

0 . Second modification . — Produced by heating stearin of the first modification to 
52°, or a few degrees higher, for some time, until the fused mass has again become 
solid. Lamellar, melting at 64*2°. Specific gravity -» P0101 at 16°. (Duffy.) 

y. Third modification. -Forms the crystals of stearin which separate from ethor. 
It is also formed when stearin is heated to 65° or 66°, after which it solidifies slowly, 
at 62 —63°, to an opaque, friable, highly crystalline mass, and melts again only at 
697°. Specific gravity at 16° » 1*0179; at 51 5° - 1*009; at 65*6° » 0*9931: at 
68*2° = 0*9746. (Duffy.') 

The specific gravity of melted stearin at 65*5° is 0*9245 (Duffy). Duffy** second 
modification is not obtained from pure stearin, which, however, contains the first and 
third modifications, even after several recrystal Li nations ; it is, therefore, not to bo 
regarded as pure stearin (II e i n tz). Tallow-stearin, melting at 60®, possesses at 50®, 
in the first modification, a volume «=» 1*031, and after passing into the second modifi- 
cation a volume » 1*008, the volume at 0® being ■* 1 ; its volume increases to 1*076 
at the melting-point, and on melting to 1*127. (II. Kopp.) 

Melted stearin solidifies on cooling to a very indistinctly crystalline mass (H ci n tz) ; 
to a blistered mass, which exhibits transparent and dead-white portions (Bouis and 
Pimentel). The temperature of melted stearin fails several degrees below the 
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^sdify'mg-point before the mass becomes solid, but rises again during solidification 
to 44®. {Chevreul), 54° (Locanu); it forms a semitransparent mass, having an 
even surface, the central part of which ultimately solidifies in radiated crystals. 
(Chevreul.) 

The percentage composition of tristearin is as follows : — 



Calculated , 

Chevreul, 

Lee Aim. 

Liebig and Pelnuze. 

C * 7 . 

. 684 

76*85 


77*7 

76*91 

74*62 to 76*09 

H l,# . 

, 110 

12*36 


11*8 

12*39 

12*39 

„ 12*32 

O ■ . 

. 96 

10*79 


10*5 

10*70 




890 

100*00 

100*00 

100*00 




Arzbacher. 


Puffy. 


Heintz. 

BcrtheJot. 



a. 

b. 

c. 

n . 

A. 


c . 

. 70*51 

7712 

70*32 

76*87 

76’74 

76*50 

75*8 

H. 

. 12*28 

12*30 

12*32 

12 '20 

12*42 

12*41 

12*4 

O . 

. 11*21 

10*58 

11*36 

10*93 

10*84 

11*09 

11*8 


10000* 

100*00 100*00 

100*00 

100*00 

100*00 

100*0 


Berth dot analysed artificially-prepared tristearin. The stearin of beef-supt contains, 
according to Arzbacher, 78*74 per cent, C; but Heinta (/>) and Duffy (c) found it to 
have the same composition as that from mutton-suet. Duffy examined stearin melting 
(a) at 62*5* and (5) at 60*7°. The formula of tristearin was deduced by Berthelot from 
the combining proportions of glycerin with acids ( Ethkhs, ii. 519; Glyckriuks, ii. 877), 
Duffy having previously shown that in the formation of 1 at. stearic acid from stearin 
1 at. carbon is eliminated. Bert helot’s formula alono explains how, in the saponifica- 
tion of stearin, the undermentioned amounts of glycerin and acid are produced. 

Stearin is not perceptibly soluble in alcohol of 30‘* B« nor even in alcohol of 97 per 
cent , in the cold ; it dissolves abundantly in hot alcohol, and separates in flocks on 
cooling (Lucan u). 100 pts. of boiling alcohol, of specific gravity 0*795, dissolvo 

15*04 to 16*07 pts. of Ghovroul's tallow-fat from mutton-suet; 15*48 pts, of that 
from beef-suet; 18*25 from hog’s- lard ; and 36 from goosed at. 100 pts. of ladling 
alcohol of specific gravity 0*805, dissolve 6*68 pts. of tallow-fat; 100 pts. of specific 
gravity 0*822 dissolve 1*45 of the tallow-fat of butter, which is deposited almost entirely 
Oil cooling (Chevreul ). Stearin precipitated from an alcoholic solution retains alcohol 
even after prolonged fusion. (Sn assure.) 

Stearin dissolves very freely in boiling ether, which retains g l ? th on cooling (Locanu). 
It dissolves. in hot acetone more freely than in cold, and is precipitated on cooling, or 
by the addition of water (Ohenovix). It is easily soluble in volatile oils, and mixes 
with melted camphor, nnd with drying and oil -fat. A solution of 1 pt,. of stearin in 
160 pts. almond-oil deposits white flocks of stearin when mixed with 170 pts. of 
ether; it is therefore not rendered more soluble in ether by admixture with a fatty oil. 
(Loca ii u.) 

J)i compositions. — ] . Stearin yields by dry distillation flio products of decomposition of 
stearic acid and of glycerin — viz., carbonic anhydride, gaseous and liquid hydrocarbons, 
acrolein, acetic acid, water, and tree carbon ; part of it, however, pusses over unaltered. 
The hydrocarbons boil botweeu 190° and 245°, and are polymeric with ethyleno 
(Gerhnrdt).— -2. Pure stearin docs not alter by exposure to the air, and impure 
stearin probably turns rancid only whon it contains olein or drying oil. (Chevreul.) 

3. Tnstearin is easily saponified by alkalis, load -oxide, ami other bases, yielding 
stearic acid (melting at 70°) and glycerin, 1 at. of pure tristearin yielding 3 at. stearic 
ttcid, and 1 at. glyceriu : 

- »( C X>) * “no-- 

Pure tristearin from Brindonm ivdica yielded 95*7 per cent, stearic acid ; artificial 
stearin yielded 95*5 per cent, stearic acid, and 10 2 glycerin dried in vacuo (Heintz): 
the quantities required by calculation aro 95*7 stearic acid, and 10*3 glycerin; the 
purity of the substance and the correctness of the formula are thereforo fully proved. 

4. A solution of sod in7n-etkytat<' in absolute alcohol decomposes stearin when heated 
yielding sudic and et hylic stearate, together -with glycerin: in like manner, with 
sodium-amt/late, it yields amyl ic stearate (p. 421). 

5. A solution of dry ammonia-gas in absolute alcohol does not act on stearin, even 
after prolonged boiling. 

6. Bramble and chlorine decompose stearin, forming substitution-products, which are 
softer and more soluble than stearin itself. The chlorine-compound contains 21*2 per 
cent, chlorine; the bromine-compound 35*9 bromine. (Lefort, J. Phann. [3], xxv. 
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7. Stearin mixed with pancreatic juice yields an emulsion in which the whole ofthe 
stearin is resolved into stearic acid and glycerin, on standing for a day or two at a 
temperature of 30 — 40°. (Bernard ; Berthelot.) 

(C*H 5 ) )) 

STBAROCHLORBTBRnr. C 5, H 4, C10* «■ C u H*»0 > qJ , — Produced by 

passing hydrochloric acid gas for some time into a mixture of stearic acid and glycerin 
heated to 100°. After being left to settle, then washed with sodic carbonate, and 
repeatedly dissolved in ether, it forms a solid mass melting at 28°. (Berthelot.) 

8TBAXOOLVCOSB. Gluric Stearate (p. 421). C^H^O 7 = 2C ,# II 5,a O* + 

CTT'O* — 3 IPO. — A saccharide produced by heating stearin with certain kinds of 
sugar. To prepare it, a mixture of stearin and anhydrous glucose is heated to 120° 
for fifty or sixty hours, and the product is purified by ether and lime, like monosteariu 
(p. 422). Cane-sugar and trehalose also yield the sumo compound ; when trehalose is 
employed, the mixturo may be heated to 180°. Small quantities are obtained likewise 
from stearin and starch at 180°, and from stearin and woody fibre at 200°. 

It forms microscopic fine granules, or a white fusible mass resembling stearin. It 
is neutral. It assumes with oil of vitriol a reddish colour, quickly changing to violet 
and black. It reduces jyotnssio-cupric tartrate; is decomposed by treatment witli 
warm alcoholic hydrochloric acid , with formation of glucose, humus-substances, and 
e thy lie stearate, (Berthelot, Ann. Cli. Pliys. [3] lx. 95.) 

8TEAXOCONOTB (from arias, tallow; and x<h*is, powder). — Tlie name applied 
hy Couurba to a fatty substance, which ho obtained, together with others, from the 
brain, by exhaustion with ether and then with boiling alcohol. It is described ns a 
yellow-brown pulverulent, fat, insoluble both in alcohol and ether, unless fixed oils are 
also present, in which ease it dissolves in ether; hence it is dissolved out of the brain 
by ether, and on evaporating the solution to dryness, and exhausting with alcohol, 
ceplialoto < i. 822) dissolves, and slearoconoto remains behind. According to Couerbe, 
it contains both sulphur aiul phosphorus. According to Fremy, however, it, is not, a 
definite substance, but a mixture f brain-albumin, olcophospliates, and eerebric 
acid; and according to the more recent investigations of v. Bibra ami W. M tiller, all 
the substances found in the brain by Couerbe and Fremy arc chiefly mixtures of 
different fatty acids. The presence of sulphur and phosphorus in these fats appears 
very doubt tub (See Nkhvovs Tissue, iii. 32 ; also llandw. d. Chom. viii. 226). 

BTBAXOBAVRBTIM'. The name applied hy Grosourdi (J. ('him. Med. 
[3] vii. 257) to a solid fat, which separates, on standing at + 10°, from the oil 
obtained by warm pressure from the pericarp of bay-berries (the fruit of Laurus nobiHx). 
It forms warty masses, but has not been further examined. 

BTEAROLAUEZIT. Grosourdi s name for a fat deposited, oil standing lit 
+ 10° to +■ 4°, from the oil obtained by warm pressure from the shelled seeds (cotyle- 
dons) of the fruit of Laura* nobit is. It forms a yellowish-white mass. 

STEARONE. C ,A H w O - C , *H 3ft O.C‘ r iI M . , (Bu e sy, Ann. Oh, Pharm. ix. 269. 
— Red! enh tic her, ibid. xxxv. 67. — Varrentrapp, ibid . xxxv. 80.— Hown oy, 
Cliera. Sot'. <4u. .1. vi. 97- — Ileintz, Fogg. Ann. xeiv. 272; xovi. 65.) — This body, the 
ketone of stearic acid, is produced by the dry distillation of stearic acid, or more 
abundantly by that of calcic or plumbic stearate. To purify it, the Holid distillate i* 
boiled with water, tho finely pulverised residue is heated with ether to the lariling- 
point, and after cooling, collected on a filter and again treated with other: pure stearino 
then remains behind. (Ileintz.) 

The substance described as margarone by Bussy, Redtcnbacher, and Varrentrapp, 
and obtained by tho distillation of impure stearic acid, was a mixture of stqurone and 
palmitone ; Rowney's stearone (p. 412) is doubtless also impure stearone. 

Pure stearone forms delicate, pearly, microscopic lamiri.c very strongly electric. It 
is slightly soluble in boiling alcohol, and separates almost entirely on cording; nearly 
insoluble in cold and very slightly soluble in boiling ether . It melts at 87**8' . 
(Haintz.) 

Bromostearon *. — Melted stearone treated with excess of bromine, gives off hydro- 
bromic acid, and is converted into a red oily liquid, which solidifies on agitation with 
water, and whpn washed with aqueous ammonia and then with cold alcohol, and 
repeatedly crystallised from ether, yields dibromoa tea rone, in 

laminar crystals which molt at 72°, anif are moderately soluble in cold ether. 

By the further action of bromine on stearone, a very fusible substance is formed 
probably a more highly bromi Dated product. 

8TIABOESAVZE ACX9. Stearic acid from cocculus-grains (p. 413). 
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BTMAnOPBJUmr, The glyceride obtained from cocculuB-gmina, It agrees 
with tristearin in nearly all its properties, but was found by Francis to melt at a 
much lower temperature, viz. at 35° to 36°, doubtless in consequence of the admixture 
of fats of lower melting-point. 

0TJBASlOFT£Xr2SS. The more solid constituents of essential oils. (See Oils, 
iv. 184.) 

8TBAXOTI. Weltzien's name for the hydrocarbon C 1B H W , which may be 
supposed to exist in stcarone, regarding it as (C ls H ,;> ) 2 0. 

8TBASYX. C ,!i H* 3 0. — The radicle of stearic acid, &c. 

8TZATUT. Syn. with Ckuebhote (i. 830). 

STEATITE, A mineralogioal term used synonymously, sometimes with Soap- 
stone (p. 324), sometimes with Talc (£.*'.). 

STXATOID. A name applied to serpentine occurring in pseudomorphs at 
Snarum in Norway. 

8TIB1. Acicr. Stahl, — The particular kind of metallic iron to which this name is 
applied possesses characters which render it to some extent intermediate between cast- 
iron and what is commonly known as malleable iron, while it is distinguished from 
both by the capability of acquiring very considerable hardness when heated and sud- 
denly cooled, and of becoming soft again when heated and allowed to cool slowly. 
•Steel is generally hardened by plunging it while hot into water, oil, mercury, or some 
other liquid. The greater the reduction of temperature, and the more rapidly it takes 
place, the greater is the degree of hardness produced. Steel raised to a white heat 
and then immersed in cold mercury, acquires a degree of hardness nearly equal to that 
of the hardest white cast-iron, or even of diamond. It is then also extremely brittle. By 
lien! ing Kuch hardened steel again, and allowi ng it to cool gradually , it becomes softer and 
less brittle. It is in virtue of this capability, which is one of the most distinctive charac- 
ters of steel, that various degrees of hardness may be communicated to it, by regulat- 
ing the temperatures to which the hardened metal is heated before being allowed to 
cool gradually, or to which tho soft metal is heated before being suddenly cooled. 
Steel tools and instruments arc made and finished while tho metal is in the soft state, 
and the requisite degree of hardness is given to them as above described. This 
operation is called tempering ( tremper ; anlassen ). The degrees to which tho metal 
requires to be heated, in order to acquire different degrees of hardness, are indicated 
by the colours which it assumes when heated, and which are due to the formation of 
an extremely thin film of oxide on tho surface. They are as follows : — 


Temperature. 

Colour. 

220°C. 

. Faint yellow 

230 . 

. Straw-yollow 

256 . 

. Brownish-yellow 

266 . 

. Purple spots 

277 . 

• Purple 

288 . 

. Pale -blue . 

293 . 

. Bark-blue 

316 . 

, Blackish-blue . 


jfor surgical instruments, 
for razors, penknives, &c. 
for scissors, hard chisels, 
for axes, knives, 
for table-knives, 
for sword-blades, watch-springB. 
for fine saws, boring tools, 
for hand-saws. 


The distinction between steel and cast-iron or malleable iron is not by any means 
absolute, but consists rather in the decree to which considerable hardness, or the 
capability of acquiring that character, is associated with tenacity and malleability. 
Accordingly, there are numerous varietios of steel approximating more or less to cast- 
iron or to malleable iron. Together with such differences in the nature and qualities 
of steel, it has generally been found that there are corresponding differences in tho 
amount of carbon the metal contains; the closer the approximation to malleable iron, 
the smaller is the amount of carbon in the metal, and the reverse. When the amount 
of carbon is less than about 0*65 per cent, the capability of being tempered is either 
wanting or very slight. When it amounts to 1’75 per cent., the metal is capable of 
being made very hard, but its tenacity is much reduced. The capability of being 
hardened and tempered is combined with the maximum tenacity when the carbon 
amounts to about 1*6 per cent. • Tho opinion that those characters of steel are inti- 
mately connected with the amount of carbon it contains has long been entertained ; 
but it is still uncertain in what manner these facts are related. 

Among the various substances which are frequently present in metallic iron as 
impurities, those which appear to be most prejudicial to the quality of steel are sulphur 
and phosphorus. 

The fact that certain iron-ores containing manganese are especially suitable for the 
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production of steel, has given rise to the opinion that this metal was a necessary 
constituent of good steel ; but it is rarely, if ever, the case that steel contains manga* 
ncse, and whatever beneficial influence the presence of this metal may exercise in the 
manufacture of steel, would appear to be of a totally different nature. 

The presence of chromium , nickel , or rhodium in steel is said to improve its quality, 
but tho data on which the opinion is founded are somewhat insufficient. 

The results of observations on the influence of silver upon steel are discordant. 
Tuny&Un and titanium have been stated to improve the quality of steel, but further 
experience is requisite in regard to this question. 

The presence in steel of a minute amount of nitrogen as a necessary constituent has 
been alleged byFriSiny; but Marchund, Rammelsberg, and Boussingault 
have failed to detect, by their analyses, any greater indications of nitrogen than 
might be fairly referred to accidental sources. Caron infers, from his observations, 
that if steel contains nitrogen, it is not as an essential constituent. Similar results 
have been obtained by Stuart and Baker. (Chein. Soc. J. [2], ii. 390.) 

The colour of steed is greyish-white, sometimes almost pure white, and the 
hardened metal is somewhat whiter than tho soft motal. The lustre* of steel is not 
remarkably different from that, of malleable iron. The surfaces of fracture present a 
very fine granular texture, very uniform, and without any of the fibre characteristic of 
good malleable iron. Tho fracture of hardened steel presents a remarkably closo fine- 
grained texture. Steel is always harder than malleable iron, but it is never bo hard 
ns I liat. kind of white cast-iron known as “ Spieguleisen.” Tho tenacity of steel is 
greater t ban of either cast-iron or malleable iron, or indeed of any other metal. Accord- 
ing to the experiments of JVI usschen brock and Rennie, it is at least twice as great 
as that of malleable iron. It. is slightly reduced by hardening, but by annealing the 
metal its tenacity is rendered even greater than that of tho unburdened steel. 


Tenacity or Tt n.sUe Strtngth of Stt cl. 


Kind of steel . 

l.cn^lhwlae 

1 - pounds. 

Croisui»e, Ultimate 

per ! extrusion 

•Vur.tacl._-i— S' , - rti - 

Aiuhotlty. 

Shear steel bars rolled and forged 
Puddled steel bars rolled and forged 
Cast -steel bars rolled and forged 

| Puddled steel plates . 

r 

Cast-steel plates . 

118,168 
90,000 
130,000 
(192,593 
} 71,532 

j 04,289 

J 75,594 

85,366 

67,686 

96,308 
G9, 08 2 

0135 

■028 

■082 

■057 

•198 

0131 
057 f 
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Sco K i rk a ldy, Trans. Institut. Engineers in Scotland, 1858-9; and Tt naif e Strength 
of Wrouaht Iron and Steel (London, 1 802) ; afro Fairbairn, Brit. Assoc. Report, 1858. 

The malleability of soft steel at tho on] in ary atmospheric temperature is oven less 
than that of hard cast-iron. Hardened steel is very brittle, and will not bear working 
with the hammer. Th© malleability of steel is, however, considerably increased when 
the metal is heated. 

The specific gravity of soft steel varies between 7 6224 and 7'8131 (Karstenb 
It is somewhat reduced by hardening the metal ; viz. from 775 to 7*55 (Kin man), 7*79 
to 7*67 (Pearson). 

The specific heat of steel is 0*1 1 84 8 (R eg n a u 1 1). Its linear expansion, when heated 
from 0° to 100°C., is scarcely greater than that of malleable iron, but less than that of 
cast-iron (Davy). By heating from summer heat to red heat, a steel bar lengthens 
about malleable iron and eust-iron ^ ; by heating to whiteness, steel lengthens 
mail cable iron s ~j, and cast-iron (K in man.) 

When steel is heated to whiteness, it becomes soft like malleable iron, under th© 
samo condition, and is then capable of being wrought and welded not only to Bteel, 
but also to malleable iron. It welds at a lower temperature than iron does. 

The melting-point of steel is between that of cast-iron and that of malleable iron, 
and is probably about 1800° C. The fusibility of steel is, however, influenced* by the 
amount of carbon it contains. 

Steel is less susceptible of magnetic induction than pure iron ; but it far exceeds 
iron in the capability of becoming permanently magnetic, for which reason it is 
generally used for making magnets (iii. 761), 

Steel is oxidised much less readily than malleable iron by exposure to the atwio- * 
sphere at the ordinary temperature, especially when it is polished and clean. When 
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gradually heated in contact with atmospheric air, it acquires, as the temperature rises, 
a succession of colours at the surface, from faint yellow to blackish-blue. At 360° C. 
all colour disappears ; but if the heat bo raised still further, the colours reappear 
in the same order, more faintly than at first. The coloration is due to an incipient 
oxidation, and the succosaion of colours is caused by the increasing thickness of the 
Him of oxide , as in Newton’s rings it is caused by the unequal thickness of a layer 
of air. 

Hardened steel is dissolved by acids less readily than Boft steel. With dilute 
hydrochloric or sulphuric acids, soft steel gives n larger amount of the black graphitic 
substance which is attracted by the maguet, than malleable iron docs. By the con- 
tinued action of the acid, this substance is converted into a carbonaceous mass, which 
burns without leaving any residue, as in the case of malleable and cast-iron. With 
dilute nitric acid this substance is not separated from soft steel. Concentrated hydro- 
chloric acid dissolves soft steel completely without residue, 

M anuf acture of Steel. 

By smelting very rich and pure iron-ores with charcoal in a bloomery, much in the 
same way as that described under the* head of Iron (iii. 344), steel, or a kind of steely 
iron, may be produced direct from the ore ; but this method of manufacture, though 
much practised formerly, and still followed to some extent at a few places, has long 
been superseded by others. Steel is now generally produced indirectly, either by 
carbonising bars of malleable iron, or by partially decarburising cast-iron. The steel 
produced by the former method is called Cent/ nt Steel ( acicrde cementation; Brennstahl) ; 
that produced by the latter method is called Natural Steel ( acicr de forge; Rohstahl), 

Fig. 777. Fig. 778 . 




when the docarburation is effected in a finery hearth or forge similar to that used in the 
manufacture of malleable iron (see iii. 345). But cast-iron is also converted into steel 

by puddling, an 1 by the direct action 
of atmospheric air on the melted 
metal, according to the method 
lately introduced by Bessemer. 

1. Cauduration Method: Ce- 
mentation. — This method of produ- 
cing steel is based upon the fact that, 
when malleable iron is heated in 
contact with charcoal or other car- 
bonaceous substances, and without 
access of air, to a temperature some- 
what below its melting-point, car- 
bon is absorbed by the metal. 

The iron used for producing steel 
in this way must be of the best 
quality, and free from the impurities 
which have already been men- 
tioned as prejudicial to steel (see 
ante, p. 426).^ The cement or carburising material used is coarsely-powdered charcoal, 
.sometimes mixed with horn-shaviogs, ferrocyanides, and sim ilar substances. 

The furnaces in which the operation is conducted, somewhat resemble glass-house 
furnaces, as shown b y Jigs. 777 , 778, and 77V, and they are arranged so that a uniform 




Fig. 779. 



STEfifi. 429 

temperature may be kept up iu them for several days. The bum of iron are placed in 
the rectangular chambers C C, and imbedded in charcoal-powder. These poU (caisses; 
Kosten) are then closed with a layer of loam, and the hout gradually raised, during 
some three or four days, to the maximum degree, which is maintained two or three 
days longer, the progress of tlio operation being ascertained by drawing out a bar and 
testing it. When the conversion of the iron into steel is completed, the furnace is 
allowed to cool gradually, and the change is taken out. The surfaces of the bars of 
steel are covered with numerous small blisters, for which reason it is called Blister Steel 
(awr pottfe ; BtascnstaM), 

The mode in which steel is produced by cementation is still but imperfectly under- 
stood. For n long time it was supposed that tho iron combined directly with carbon in 
the solid state ; but it is more probable that tho conversion of the iron into steel is 
effected indirectly by gaseous carbon-compounds, such as carbonic oxide and hydro- 
carbons. At a sufficiently high temperature, carbonic oxide yields part of its carbon 
to iron, and is convertoa into carbonic acid, while marsh-gas and olefiant gas aro 
decomposed in like manner by iron, yielding carbu retted iron and hydrogen. Some 
years ago, Macintosh proposed to manufacture steel by boating bar-iron in an atmo- 
sphere of coal-gas ; and, though this method has not come into use, good steel can be 
made by it, if the gas used for the purpose be free from snip buy. Animal charcoal, 
horn-shavings, ferrocyanides, &c., are sometimes mixed with the charcoal-powder used 
in producing steel by cementation, ami these substances facilitate tho conversion, 
chiefly by yielding gaseous carlx>n-com|iuiiuds. 

2. Dkcauhuhation Mkthotis. — I n all these methods the abstraction of carbon from 
the east-iron, and its conversion into steel, is effected by the oxidising action of atmo- 
spheric air, either directly or indirectly, through the medium of slags containing ferrous 
oxide, and tho nature of the product depends very much upon the extent to which that 
action is allowed to continue. 

a. Xdtaral St^el is produced by molting white east-iron (Spinjrfeism), or easily 
fusible grey cast-iron, with charcoal, in a finery-hearth or forgo, and under a blast of 
air. This method of manufacture is restricted to countries whero very pure cast-iron 
is obtained, by smelting spathic and magnetic iron-ores with charcoal. It. is practised 
in Westphalia, Silesia, Stvria, Carinthia, Sweden, and some other places, with tt variety 
of modifications, arising chieflv from the nature of the cast-iron to bo worked, or from 
other local circumstances. The procoxe, however, is essentially tho same in all cases, 
and differs from that already described as taking place in tho conversion of cast-iron 
into malleable iron (iii. 345), only in so far that tho decarburation is not carried to such 
an extent as in the manufacture of malleable iron. 

0. Puddled Steel is produced, from such kinds of cast-iron os do not contain sub- 
stances prejudicial to steel, by ope rati ug upon it, in reverberatory furnace's, in the same 
way that cast-iron is converted into malleable iron, but so as to effect only a less ad- 
vanced decarburation. 

y. Jltesemer Steel is produced by forcing atmospheric air into melted cast-iron. The 
carbon, being oxidised more readily than the iron, is converted into carbonic oxide, 
which escapes in a sufficiently heated state to tako fire on coming in contact with 
atmospheric uir. Considerable heat is generated by tho oxidation of tho carbon and 
iron, so that the temperature is kept above the melting-point of steel during the whole 
of the operation. When the decarburation has been carriod far enough, the current of 
a:r is stopped, and a small quantity of white pig-iron, containing a large amount of 
manganese, is dropjsrd into the liquid metal. This serves to faeilitato the separation 
of any gas retained within the melted metal, which, after a few minutes’ rest, is run 
into ingot-moulds. 

The bars of blister-steel obtained by cementation are never uniform throughout 
their entire mass, the exterior portion being more highly carburised than the interior, 
and this difference is not always the same at all parts of tho bars. To render them 
homogeneous, they are drawn out, while hot, under hammers or rollers, into thin bars, 
and a number of these bars are laid together in a faggot (tr ousts ; Garbs), heated to a 
welding heat, and then hammered or rolled, this operation being repeated several 
times.' The steel is then called Shear Steel { acier raffink ; GerbstaM). The same 
operation has to be performed with the rough bars of natural steel, in order to Vender 
their texture uniform. 

.. Steel, produced by either method, may be rendered st ill more homogeneous by melt* 
mg it in a crucible, and running it into bars or ingots, Cast Steel ( aeier fondu ; Gueufahl). 
Bessemer-steel , from the mode in which it is produced, is always of this kind. 

The manufacture of cast-steel for various purposes has long been a very important 
branch of industry, and it is certain to become still more so, now that the new method 
of producing steel, introduced by Bessemer, admits of its being dealt with in very 
much larger masses than heretofore; It is, however, essential to the adoption of this 
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method, to have at command c us t- iron of good quality, and free from sulphur and 
phosphorus, which are so prejudicial to the quality of steel, and are not eliminated in 
the process of conversion, but are rather relatively increased in amount in the product 
obtained by the Bessemer method, when they are contained in the pig-iron operated 
upon. The growing importance of this method, and the rapid application of steel to 
new purposes, for which iron has hitherto been used, render it extremely desirable 
that a mode should be devised of smelting iron-ores, so as to prevent these deleterious 
substances from being retained in the pig-iron, or that some means of effecting their 
separation should be discovered. B. H. P. 

8THZNBSZLZTX. Syn. with Dichroite. 

STBZKZKABlffXTB. The name applied by Zippe to a mineral from Przibram 
in Bohemia, containing the sulphides of lead and antimony. It is, however, only galena 
contaminated with accidental admixtures. 

8T8L&ZT8. Syn. with Pectolite. 

STBPBANZTS. Brittle Silver-ore. Brittle Silver-glance. Black Silver. Brittle 
Sulphuret of Silver. Sprodglaserz. Sprodglanzerz. — A sulphantimonite of silver 
occurring in trimetric prisms, homoeomorphous with arragonite. Observed combina- 
tions: oP. ooP . oopoo , P . 2?oo. Angle ooP: cop » 115° 39'. Ratio of axes 
a : h : c = 1 : 1*6844 : 1*0897. Cleavage imperfect, parallel to 2 P 00 and 
ooPoo . Twins are frequent, with plane of composition ocP. The mineral also occurs 
massive, compact, and disseminated. Hardness = 2 to 2*5. Specific gravity « 6 *299. 
Lustre metallic. Colour and streak iron-black. Fracture uneven. Sectile. Heated 
in an open tube, it melts and yields a sublimate of antimonious oxide, sometimes mixed 
with arsenious oxide. Before the blowpipe on charcoal it fuses somewhat readily, 
sometimes emitting an arsenical odour, to a dark -grey bead, which when heated in tho 
reducing flame, either alone or with soda, yields a button of silver. It dissolves easily 
in warm nitric acid, with separation of sulphur and oxido of antimony. 

Analyses: a. From Schemnitz (H. Rose, Pogg. Ann. xv. 474). — h. From Andreas- 
berg(Kerl, Berg- u. hiittenm. Zeitung, 1863, No. 2) : 

. 9. Sb. Ar. Fe. Cu. 

a. 16*42 14*68 68*54 . . 0 64 = 100*28 

b. 16*51 15*79 68*38 0*14 . . = 100*82 

These analyses may be represented by the formula 6Ag 4 S.Sb*S s , requiring 15*6 per 
cent, sulphur, 14*0 antimony, and 70*4 silver. 

Stopkanite is a valuable ore of silver, occurring in veins with other silver-ores at 
Freiberg, Kchneeberg, and Johanngeorgenstadt in Saxony, at Przibram and Ratiebor- 
zitz in Bohemia, at Schemnitz and Kremnitz in Hungary, at Andreasberg in the Hartz, 
at Zacatecas in Mexico, and in Peru. (Dana, ii. 86.) 

8TBRCORITE, Herapath’a name for sodio-ammonio-hydric phosphate, 
Na(NIl 4 )HPO\4nq., found in the guano of lehaboo (iv. 681). 

STBSOTTUBBOXTB. A sulphide of silver and iron, occurring at Joachimstbal in 
Bohemia, and at Selineeberg and Johanngeorgenstadt in Saxony, in tabular orthorhom- 
bic crystals, cuinmoidy implanted, and forming rose-Jike or fan-like aggregations. 
Angle 00 P : oeP-lHP 30'; oP : = 121° 49*. Axes : a :b:c= 1: 1*7145 : 1*4379. 

Crystals sometimes compound, parallel to <»P. Cleavage perfect, parallel to the base. 
The mineral is opaque, has a dark pinchbeck-brown colour, occasionally with a bluish- 
violet tarnish, and a semi metallic lustre; flexiblo in thin laminae; very sectile ; 
leaves traces on paper like plumbago. Hardness *= 1 to 1*5. Specific gravity =4*2 to 
4*25. Before tho blowpipe on charcoal it melts, with evolution of sulphurous anhy- 
dride, to a magnetic globule covered with silver ; with borax it yields a globule of sil- 
ver, and a glass coloured by iron. It dissolves in nitromuriatic acid with separation 
of sulphur. Contains, according to Zippe (Pogg. Ann. xxvii. 690), 33*2 per cent, 
s Ivor, 36*0 iron, and 30*0 sulphur, agreeing approximately with the formula 

(iAg*S.§Fe' r S)\fe , S*, which requires 34*18 per cent silver, 35*44 iron, and 30*38 
sulphur. 

BTBTRAL, or 8TSTITOO ALOOBOL. C'*H»0 * C' i H»’.H.O.— The 
alcohol of the series C°H* n4 ‘ a 0, corresponding to stearic acid. It has not been obtained 
in the separate state, but occurs in spermaceti, together with ethal or cetylic alcohol 
(C‘*H ,4 0), methal (C ,4 H*°0), and lethal (C 1# H**0). All these alcohols are separated 
together from the fatty acids of spermaceti, when that substance is saponified by alco- 
holic potash, in the manner described under Cbtvltc Ajlcohoe (i. 841), the ethal 
forming by far the largest portion of the alcoholic mixture. The presence of these 
several alcohols is manifested by their behaviour with potash-lime, by which they are 
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converted into a' mixture of palmitic acid (the principal portion), formed from ethol, 

stearic acid from stethal, myristic acid from methal, and lauric acid from lethal. When 

the ethal is crystallised several times from alcohol , till its melting-point is brought to 

19^, a portion of the ethal, together wth the whole of the methnl ana lethal, remains in 
the mother-liquor, while the portion which crystallises out contains the stethal together 
with ethal. (Heintz.) 

STZBETBYL, 8TIBM1THY1, Ao. See Antimony-ra dicles, Organic 
(i. 339). 

STZBI&XTB. Stibiolite. Stiblite. Sttbiconise . — An oxide of antimony, formerly re- 
ferred to antimony-ochre (i. 324), occurring at Losacio in Spain, FelsobanyaandKrem- 
nitz in Hungary, Goldkranach in lkvaria, and in the Carmen mine at Zacualpan in 
Mexico, forming masses of fine-grained to compact texture, sometimes porous and 
cracked, also pseudomorphs after stihnite (i. 329). Hardness — 5 5. Specific gravity 
= 5*78. Colour sulphur-, lemon-, or straw-yellow to yellowish-white ; lustre waxy to 
dull ; opaque ; streak yellowish- white and shining. Keducible to antimony before the 
blowpipe with soda, but not alone. Contains, according to Dolffs (J. pr. Chem. xl. 
31 8>, 75*83 per cent, antimony, 19*54 oxygen, and 4 69 water, agreeing approximately 
with the formula Sb-0\2H*0 (74 68 antimony, 19-83 oxygen, and 6*59 water). 

BT1BZNB. A general name for antimony-bases formed on the type of ammonia. 
Nil*; thus SblP is stibine ; Sb(C*H 4 )* is ethyls ti bi ne, &c. 

Tho same term is used by Beudunt as a name of native antimonious sulphide ; better 
called Stihnite or Anthnonite. 

STZBZOPBTLLZTB. S}*n. with Valentinite or native antimonious oxide. 

8TIBIOZINCYL8. The name given by Cooke to certain alloys of zinc and 
^antimony. [See Zinc.] 

8TZBZTB, A name of native antimonious oxide* 

8IZBZUM. The Latin name of Antimony. 

8TXBLXT8. Syn. with Stibilitb. 

STZBVZTB* Native antimonious sulphide, Sb 9 S*. 

8TIBOHIUM. Antimony-radicles formed on the type of ammonium, NH € ; thus 
8b(C J H 4 ) 4 is tetrothyl-st i bonium. 

BTZCX-LAC. See Lac (iii. 451). 

STZCTA PULMOBACEA. A lichen formerly used as a remedy in diseases 
of the lungs. It contains a peculiar bitter principle, which, according to Weppcn, is a 
white powder, slightly Roluble in wutor and in ether, easily soluble ill hot alcohol, 
forming a slightly acid solution which is precipitated by acidB, acetate of lead, and 
silver- salts. Weppen (Charm. Contr. 1838, p. 177) regarded this bitter substance 
as identical with cetrarin or cetraric acid ( i. 839). According toKnop and Sch nee- 
der matin (J. pr. Chem. xxxix. 363), tho acid of Sticta pul /non area, which they call 
sticticacid, is distinct from cetraric acid, though very much like it in composition 
and properties, and may be prepared in a similar manner ; but it is less soluble in 
alcohol ; the solution does not turn bine when boiled with hydrochloric or sulphuric 
acid, and stictate of potassium is less soluble than the cetrarate. 

8TZOMAPHY 1LOV . In tho expressed juico of tho tubers of St igmaphyllon 
jatnqtJutf >1 in wi,a malpighiaoeous tree indigenous in Brazil, Do Luca and Ubaldini 
(Compt. rend. lix. 527) found a considerable quantity of asparagin. 

STZLBBWB. C’W 2 . Hydride of St if by! . Picramt/l. (Laurent, Bov. scient. xvi. 
373.) — A hydrocarbon polymeric with bcnzylene ('C 7 II r ), obtained by heating sulphide 
of stilbene (hydride of sulphobenzoyl, i. 571). Tlio compound melts, gives off sulphy- 
dric acid and sulphide of carbon ; and on increasing the heat, stilbene passes over, 
first solidifying in scitles, and afterwards thioncssal : 

8C 7 H*S « 2CS* + - 3H a S + 2C ,< H I * + C M H ,§ 8 

Hydride of Stilbene. 1 bioneuel. 

Sulphobmisuyl, 

To purify the stilbene, the first portions of the distillate are boiled with alcohol ; 
the liquid is filtered to separate the thionessal, which is nearly insoluble in alcohol ; and 
the liquid is left to cool. The stilbene is then deposited in crystals, which may be 
recrystallised from ether. 

Stilbene may also be obtained from the crude product resulting from the action of 
sulphydrute of ammonium on oil of bitter almonds, the materials being left in contact 
for two or three weeks. 

Stilbene crystallises in colourless nacreous plates belonging to the monodinfe 
system : observed combination oP . coP . ooPoo , the basal face oP predominating. Angle 
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®P r «P ^ S8° 80'; c(P: »P - 100 5 ; «P : »Poo = 116° 45'; op : »P » - 113°:' 
The crystals are commonly joined together by the acute angles of the rhombuses, 
Stilbeno is very slightly soluble in cold, but moderately soluble in boiling alcohol, 
more soluble in ether. It melts at a few degrees above 100°, boils at about 292°, and 
distils without alteration. Vapour-density ™ 8*4. 

Stilbeno dissolves in warm fuming sulphuric acid , and tho solution saturated with 
baryta, yields a soluble barium-salt of a conjugated acid. Stilbene is not decomposed 
by dilute chromic acid , but the concentrated acid decomposes it with violence when 
heated with it, converting it into benzoic hydride. With boilftig nitric acid it 
yields several products, among which are nitrostilbene, C ,i H I *NO*~ which is a 
yellow resinous substance, — and nitrostilbic acid, a yellowish powdef nearly 
insoluble in water, soluble in alcohol, still more in ether, and apparently consisting of 
C ,4 H M (NO*)OV2aq. 

When chlorine-gas is passed over fused stilbene, two isomeric compounds are 
formed, viz. chloride of stilbyl and hydrogen, C H H n Cl.HCl t and chloride of stilbene, 
C"H ,2 Cr 2 (a and 0 chloride of stilbyl, according to Laurent). Loth these compounds 
are crystalline ; one of them is sparingly insoluble in ether, and nearly soluble in boiling 
alcohol; the other is easily soluble in alcohol, still more easily in ether. Both are 
resolved by alcoholic potash into two isomeric chlorides of stilbyl, or chlorostilbencs, 
C N H ,, C1 (a and 0 chloroHtilbase, according to Laurent), with simultaneous formation of 
chloride of potassium. 

The ehlorostil bents a and 0 unite directly with 2 at. bromine, forming two isomeric 
compounds, C u H"CllJr i , or perhaps C ,, H l0 Br*.HCl, which dissolve in ether, and 
crystallise therefrom. 

■ When stilbeno is subjected to the prolonged action of chlorine, hydrochloric acid is 
evolved, and trichloride, of stilbyl) C n H ,l Cl 8 , or dichloride of chi or o stilbene y C l4 H n Cl.Cl*, 
is produced. * 

When bromine is poured upon stilbene, a white powder insoluble in other is formed, 
consisting of bromide of stilbene, C 1 J ll 12 I5r i , or bromide of stilbyl and hydrogen , 
CWBr.HBr. 

STZLBENE, OXIDE OP. Laurent regarded benzoic hydride (bitter-almond 
oil) as the oxide of stilbene, C 7 H 8 .0. 

STILBENE, PEROXIDE OF. Syn. with Stilbous Acid. 

BTXX.BEHTJ3, 8VLPHIDE OF. Syn. with Hydride of Sulphobenzoyl (i. 571). 

BTX1.BSSS, PEROXIDE OF. Syn. with Stjlbksic Acid. 

8TILBESIC ACID. Acide Stilheseux. Snroxule de Stilbesc. (Laurent, J. pr. 
Cliem. xxxv. 430. — Laurent and Gerhard t, Compt. chim. 1850. p. 117.) — A product 
obtained by treating crude bitter-almond oil (containing prussic acid) with chlorine-gas, 
assisting the action by boat towards tho end. The whole then solidifies, on cooling, to 
h crystalline mixture of benzoic acid, stilbesic acid, a body crystallising in needles, 
and chloride of benzoyl ; and if the chloride of benzoyl be allowed to drain on a 
funnel stopped with pounded glass, tho mass pressed between paper, and treated 
with ether-alcohol, stilbcsic acid remains behind, and may bo crystallised by solution 
in boiling other and spontaneous evaporation. It crystallises in monoclinic prisms, 
very slightly soluble iu alcohol and ether, molting at 105°, and containing 71*60 per cent, 
carbon, and 4*33 per cent, hydrogen. Its solution in alcoholic ammonia yields, with silver- 
nitrate at tho boiling heat, scales containing 48*7 per cent, silver. Hence Laurent 
deduced for the acid the formula and for the silver-salt C™H*Ag*0' ; but 

its composition is very doubtful. 

8TXX»BXC ACID. Syn. with Benzulic Acid (i. 546). 

, BTILBILZO or BTXX.BXXOV8 ACID. Syn. with Stilbous Acid. 

STX&BlSTt Syn. with Stilbene. 

ETI&BITB. Heulandite. Foliated Zeolite , Euzeolitc. A hydrated calcio-aluminic 
silicate, occurring in monoclinic crystals, which exhibit the combination [ oopoo ] 
■ooPoo . + 2 Pod , — 2 Poo . odP . oP — P . [Poo ] ; tabular from predominance of 
[oePoo 1 . Ratio of axes a : b : c «= 2*4785 : 1 : 1 065. Angle b : c *= 88° 35'; ooP : 
ooP «■» 136°. 4'; oP ; fP<» ] *» 156° 45'. Cleavage perfect, parallel to the clino- 
diagonal. The mineral occurs also in globular forms, and granular. Hardness «■ 
E*fl to 4*0. Specific gravity » 2*1 to 2*2. Lustre of [ odPoo ] pearly, of other faces 
vitreous. Colour various shades of white, passing into red, grey, and brown. Streak 
white. Transparent to subtransluceut. Fracture subeonchoi’dal to uneven. Brittle* 
Before the blowpipe it intumeseeB, melts, and becomes phosphorescent. Dissolves in 
hydrochloric acid, yielding slimy silica, but without gelatinismg. 
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Analyses*-* a. Faroe Islands (Thomson, Outlines f i. 347).— 6. Iceland (Ram m ala- 
berg. Minerakhcmie, p. 826). — c, Iceland (humour, Ann. Min. iv. x. 207).— d. Beni- 
fiord, Iceland: crystallised; specific gravity = 2*1 7* (Waltershausen, Vulk. Gest. 
p. 252). — e, Norbudda Valley, India: crystallised (Ha ugh ton, Johresb. 1857, p. 676): 

a. A. c. d. e. 


Silica 

. 69*14 

68*2 

69*85 

68 90 

66*69 

Alumina 

17*92 

17*6 

16*15 

16*81 

16*35 

Lime 

* 7 65 

7*2 

7*55 

7*38 

5*88 

Magnesia 

• , , 

• • 

. , 

0*29 

0*82 

Soda 

• . . 

a • 

1*16 

0*57 

1*45 

Potash 

• * • 

* . 

0*67 

163 

0*89 

Water 

15*40 

16*0 

14*83 

14*32 . 

17*48 

Ferric oxide , 

IochT 

• 

9H 

9971 

0*12 

10002' 

WU 


Those analyses are not very accordant, but the third and fourth may be nearly 
represented by the formula Cn"O.Al ? O a .6Si(F,5 aq., requiring 69*76 percent, silica, 
16*61 alumina, 9*06 lime, and 14*54 water. According to this formula, stilbito is 
very nearly related to brewsterite and epistilbite, the three minerals being represented 
by the formula RO.AFO\6SiO* + 5 aq., and the protoxide, ItO, consisting, in stilbito, of 
limo with very little alkali ; in epistilbite, of lime with a largo proportion of soda ; and 
in brewsterite, of strontia uud luiryta, with a small quantity of lime. 

Stilbito occurs chiefly in nmygdnloidal rooks; also in gneiss, and occasionally in 
metalliferous veins. The finest specimens come from Iceland and the Faroe Islands, 
and from the Vendayah Mountains in Hindustan. Red varieties occur at Canipsio in 
Stirlingshire, with desinin of the same colour, and brow n in ore-beds itt Arendal. It 


Mso occurs in tho Kilpatrick Hills near Glasgow, in tho Isle of Skye, in the Fassa 
valley in the Tyrol, in the Hurtz, and elsewhere; abundant in the amygdaloid of 
Abyssinia ; occurs also at several localities in North America. (Dana, ii. 331.) 

lieaumnntiU from Jones Falls, Maryland, is regarded by Dana and others as 
identical with stilbito; but tho analysis (i. 624) agrees more nearly with tho formula 
irO.A W.8SiO* + 6 aq. ; moreover, according to Levy, the crystals belong to tho 
dimetric system. 


Desmfln is a hydrated ealeio-aluminic silicate, in w*hich the ratio of the lime, alumina, 
and silica is the same ns in stilbite ; but tho proportion of water is larger, and the 
crystals aro trimetric. It was formerly called stilbite (the mineral just- described under 
tliat namo being then called healandite ) ; also radiated zeolite, foliated zeolite , spharo- 
stdbite , and hyposiilbite . 

Tho crystals of desmin usually exhibit the combination P . ooPoo , oojhao , like 
fig. 263 (CjiYSTAi.noortAVHY, ii. 40) # without foo, but with oP. Axes a: b: c « 
0 9284: 1 : 0*7658. Angle P : P in the bracliydiagonal principal section *» 119° 16', 
in the macrodiagonnl — 114° O'; in the basal = 96°. Cleavage perfect, parallel to 
o®* 00 - _ It frequently occurs in sheath-like aggregations, and in globular, divergent, 
and radiated forms. 

Hardness *= 3*5 to 4. Specific gravity ■* 2 094 to 2*171. Lustre pearly on the 
faces ooPc© and the cleavage-faces, vitreous on the others. Colour white, occasionally 
yellow, brown, or red. tStreak uncoloured. Subtransparent to sub translucent. Frac- 
ture uneven. Brittle. Before tho blowpipe it intumescos, nnd yields a milk-white bead. 
'With acids it yields slimy silica, except Beudant’s sph&rost Write, which yields a jolly. 

Analyses of Desmin ( It ammels berg's Miner at chcmie, p, 829). — a. Rodefjords- 
hamm, in Iceland (Hauy’s stilbite dodeeahdre lamelliforme ), Hisinger. — b Beru- 
flord, Iceland (R, Weber). — c. Dalsmypen, Faroe Islands : prchnilic stilbite (Eetzi u*s). 
— d. Faroe Islands : so-called spharostilbite (Beudant). — e. G us tufa berg in Jemtlaud 
(Sjogren).—/. Ilmeu Mountains, nearMia.sk: specific gravity *> 2*19 (Hermann). — 
o. Andrea sbeig, in the Harfz (Karl).— A. Rienthal on the GotthHrdstrasse, Canton 
Hri (G. Leonhard). — i. Pangelberg, near Nimptsch in Silesia (Zellner): 



a . 

b. 

r. 

d. 

e. 

/. 


A. 

i. 

Silica 

68*0 

68*02 

56*76 

56*91 

67*41 

66*31 

66*3 

55*75 

60*27 

Alumina 

16*1 

14*94 

17*73 

16*61 

16 14 

16-25 

15*9 

18*50 

14*43 

Lime 

9*2 

8*33 

4*50 

9*03 

8 76 

766 

7*4 

8*04 

6*40 

Soda 

# # 


2*53 

0*68 

# m 

1*03 




Potash . . 


1-30 

. , 

, , 

, , 

# * 

0*6 



Water . 

16*4 

17-71 

18*33 

17*84 

16*60 

17-75 

17*6 

17*00 

18*50 

Feme oxide . 

. . 

• . 

» . 

. . 

0*25 

J-00 

IS 

0*01 

*0*21 


99-7 10090 

99*86 10007 

99 15 100*00' 

991 

92*30 

9981 


* Magncrfa. 
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The greater number of these analyses may be represented by the formula Ca^O, 
Al*0*.68i0- + 6 nq. f requiring 5809 per cent, silica, 161 4 alumina, 8 80 lime, and 
16*97 water. 

Of different composition are: — a. The so-called Hypostilbite from the Faroe 
Islands (Beudant); /B. White and y . Bed dcsmin from Dumbarton in Sco tland 
(Thomson): 


sto*. 

62*43 

Al 2 O s . 

18*32 

ChO. 

8*10 

Na«0. 

2*41 

H 2 0. 

18*70 


99*96 

64*80 

18*20 

9*83 

, , 

19*00 


101*83 

62*60 

17*32 

11*52 

• • 

18*46 

= 

99*79 


Desmin occurs mostly in cavities in amygdaloid or trap. It is found also in some 
metalliferous veins, and in granite and gneiss. It is abundant in the Faroe Islands, 
in Iceland, and on the Isle of Skye in trap ; at Andreasberg in the Hartz, and at Kongs- 
berg and Arendal in Norway, with iron-ore ; in the Vehdayah Mountains, Hindostan, 
in large translucent crystals ; in fine crystals, of a brick-red colour, in porphyritie 
amygdaloid, near Kilpatrick in Dumbartonshire, &c. (Dana, ii. 833.) 

8TXMOUB ACTS. C^H^O* ? A compound formed by treating crude bitter- 
almond oil with fuming sulphuric acid, or with chloride of sulphur (Laurent, Ann. 
Ch. Phys. [2], ixv. 193). When first prepared, it crystallises from ether or boiling 
alcohol in monoclinic prisms ; but if kept for some time in the fused state, and then 
dissolved in alcohol, it crystallises in trimetrie prisma. It melts at 360° ; is insoluble 
in ammonia; is resolved by boiling caustic potash into benzoic acid and benzoic 
hydride ; but when troated with very strong potash-ley, unites with the potash, forming 
a compound insoluble in strong, but soluble in dilute FiqueoiiH potash. 

This compound was originally regarded by Luurentas hydrate of benzoyl , C u lPO.HO f 
It is sometimes regarded as identical with benzoate of benzoic hydride (i. ,598), 
formed from crude bitter-almond oil, by the action of moist chlorine ; but the identity 
of the two products is not satisfactorily established. All these compounds formed 
from crude bitter-almond oil require re-examination : for details respecting them, see 
Gindin's Handbook , xii. 178. 


BTXX.BYX. 

C l4 R n .H. 


C H H 11 . Stilbene may be regarded as the hydride of this radicle. 


BTlUnroXA SIBirURA. A euphorbiaceous plant, growing abundantly in 
the valleys of Chusan, the berries of which yield the fat called Chinese vegetable 
tallow . This fat appears to occur in several varieties. 

a. Greenish-white ; molts at 44 4°; yields, by saponification, an acid, which, after re- 
cry stall isabi op from alcohol, softens at 61*7°, melts at 67 '8°, and forms a silver-salt con- 
taining 27-96 per cent, silver ; probably a mixture of palmitic (margarie. according to 
Thomson and Wood) and stearic acids. (Thomson and Wood, Phil. Mag. m 
xxiv. 360; J. pr. Chom. xlvii. 239.) 

b. The commercial tallow forms a light white mass, of specific gravity 0*818 at 12°, 
destitute of taste and odour (v. Borck). Has a faint odour, and turns brown on ex- 
posure to the air (Maskelyne), Melts at 37° (v. Borck, Maskelyne), solidifies 
partially at 32° (Maskelyne), 30° (v. Borck) ; and hardens at 22° (v. Borck), 26° 
(Maskelyne). The tallow recently melted and cooled again, melts at 44° ; by ex- 
pressing the moro fusible portion, the melting-point of the residue may be raised to 
49° (Maskel yne). The fat extracted from the husk by boiling alcohol melts at 40°, 
and after recrystallisation at 48° (v. Borck). It dissolves in oil of turpentine, and in 
coal-tar oil, in wood-spirit, ether, and alcohol, or in mixtures of these liquids ; it dis- 
solves partially at moan temperatures, completely at the boiling heat (Maskelyne). 
It has an acid reaction, arising from admixture of acetic or propionic acid. It contains 
olein and polmitih. (Maskelyne, Chem. Soc. Qu. J. viii. 1 ; v. Borck, J. pr, Chem. 
*lix. 396.) 

STXUXBTBABXO AGX1>. The nnme applied by v. Borck to the fatty acids ob- 
tained by saponification of Chinese tallow, which he supposed to have the composition 
C*»H*0*, Maskelyne has, however, shown that it is identical with palmitic acid. 

8TXX»X»OUTX. Syn. with Silicious Sintkb, 

flTUPXfOMBLAMri. A ferroHo.uluminic silicate, occurring at Ohergrund in 
Silesia, and in the Frederike mine, near Weilburg in Nassau, in foliated, radiated, and 
compact masses, having a specific gravity of 3—3-4 ; hardness 8—4 : a lustre between 
vitreous and pearly on the cleavage-surface ; black or greenish-black colour; and 
greenish streak. Dissolves imperfectly in acids. 

4naly&ts, — a. Ohergrund (Ram me I she rg, Mineralchemie, p. 880).— 6. Weilbunr 
(Siegert): - * 
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SiO*. SIO*. FpO. CuO. MrO. ICO. II. 

a. 45*06 6*84 85*60 0 19 1*78 0 75 6*63 - 9875 

5. 45*07 4*92 8778 1*67 0*94 . . 8 47 - 98*85 

Some of the iron appears to be in the state of ferric oxide, but its quantity has not 
been determined with sufficient accuracy for the deduction of a formula. 

8THPV08IBESXT8. A variety of native ferric hydrate, Fe*0*.H*0, occurring 
massive, stalactitic, or incrusbing, at Amberg in Wostpkaiia, and two or three other 
localities. It has a black or blackish-brown colour ; hardness =* 4 to 5; specific gravity 
« 3*6 to 3*8. 

STnrKSTOITfi. A variety of limestone which emits a fetid odour when struck 
or rubbed (iii. 697). 

BTXBXAN, A name applied by Breithaupt to smaltine from Schladming In 
Styria. 

8TOZGBZOMBTBT. The law of chemical combination in definite proportions, 
and its application to chemical calculations. 

8T OltPElfZTB* A mineral from Stolpcn, resembling bole in appearance, and 
containing, according to Ram id ols berg (l*o£g. Ann. xlvii. 180), 45*92 per cent, 
silica, 22*15 alumina, 24*86 water, and 3*90 per cent, lime, with traces of iron and 
magnesia. 

8TOL£ZT£. Native tungstate of load. (Sec Tungstates.) 

BTORAX. Sue Balsams (i. 497). 

8TSAXOVZTZITB. A pseudomorph after augite, occurring in the weathered 
gneiss of Mutenitz, near Strakonitz in Bohemia. It has a greenish-yellow colour, and 
specific gravity *= 1*41. Contains, according to C. v. Ilauor, 63*4 per cent, silica, 
199 water, 15 4 ferrous oxide, 2 9 magnesia, 1*4 lime, and 7*0 alumina. 

STBAMONZUW. See Batura Stramonium (ii. 307). 

SOTL6LB8* or Mentz Flux. A kind of glass used in the preparation of artificial 
gems (ii. 841). 

8TKATXOTEB ALOZDBB. Water-soldier. — This liydrocharidaceoua plant 
yields, when dried, 17*2 per cent, ash, containing in 100 pts., according to Schulz- 
Floeth (Pogg. Ann. lxxxiv. 98): 

K*0. Nrt‘0. Ca O. M«C). Fe 2 0\ SIO». pzO». SO». CO». N*CI. 

30*8 1 2 10 7 ' 14*3 0*4 1*8 2*8 3*5 30*4 2*7 

BTBATOPEZTfi. A manganic silicate from Philipstad in Swoden. (Silicates 
p. 259.) 

8TEBAX OF MINSRALB. Coloured mineral substances generally exhibit, 
when powdered, a lighter or, at all events, a different colour to that which belongs to 
them in mass : hence similarly coloured minerals may, in some cases, bo distinguished 
one from the other by the colours of their powders. In order to see the colour, how- 
ever, it is not necessary to pulverise the mineral, as it may be observed by scratching 
the mineral with a knife, or rubbing its edge on a rough white porcelain 
plate. 

BTBOOAVOWZTB. An altered scapolite from the Sludaaka river in Dauria 
(p. 203). 

BTBOKIZTI. Syn. with Rhodonite, or Silicious Manganese (p. 107). 

BTSOmTlXZTB. Native a rgonto -cuprous sulphide, or argentiferous copper- 
glance (p. 305). 

sntoxnrni. Baryto-ztrontianite . — A mineral from Stromness in the Orkneys, 
containing, according to Traill (Edinli, Phil. Trans, ix. 8L), 27*5 per cent, sulphate 
of barium, 62*6 carbonate of strontium, and 2*6 carbonate of calcium, with 0*1 ferric 
oxide : probably a mechanical mixture. 

STKOITTZA, STKOVTZAV. Oxide of strontium (p. 437). 

BTAOJTTXAVZTZ. Strontite . Strontites . — Native carbonate of strontium. (See 
Carbonates, i. 797.) 

BTBOVTXAVOOALCITa. A ealespar containing strontia, from Qirgenti in 
Sicily. The crystals have the form and cleavage of ordinary ealespar, are grouped in 
spherical masses, colourless and transparent to white and translucent* and nave a 
mother-of-pearl lustre. 


rv 2 



436 STRONTIUM. 

BTMOJmXTM* Symbol, Sr. Atomic weight, 87 & 

The Dative carbonate of strontium, discovered , in 1787, at Stronti&n in Argyleahirp, 
was at first regarded as carbonate* of barium. Orawfu rd’ s supposition, published in 
1790, that this mineral contained a peculiar earth, was confirmed in 1792 by Hope 
(Edinb. Phil. Trans, iv. 3), and in 1793 by Klaproth. H. Davy, in 1808, first ob- 
tained from it the metal strontium. 

Strontium occurs as sulphate in ccelestin, and as carbonate in strontianite ; in small 
quantities in arragonite and brewsterite, and in very minute quantities in the mineral 
waters of Karlsbad and Kuiser-Franzensbrunnen, the salt-spring at Eger, &c., and in 
sen-water. 

Preparation. — Strontium was first isolated by Davy in the same manner as barium 
(i. 600). Hare obtained it in a similar manner, and Clarke prepared it, in the same 
manner as barium, by heating strontia or the nitrate on charcoal in the oxyhydrogen- 
blowpipe flame. All these methods, however, yielded the raetal in an impure’ state. 

The pure metal is easily obtained by electrolysis of the fused chloride, in the manner 
given by Matthi essen (Electricity, ii. 438). Caron (Compt. rend, xlviii. 40) 
obtains it by fusing tho chloride with an alloy of sodium and lead, tin, &c. ; the 
reduction is not effected by sodium alone. 

Properties. — Strontium has a yellow colour, like that of calcium, only a shade darker. 
Specific gravity = 2'6418. It oxidises in the air much more quickly than calcium. 
Its place in the electrolytic series, with water as the exciting liquid, is as 
follows : 

l£, Na, Li, Ca, Sr, Mg, &c. 

It bums like calcium, and acts similarly to it when heated in chlorine, oxygen, 
bromine, or iodine, or on boiling sulphur, or when thrown on water or acids. (Mat- 
t hi essen.) 

STROWTlUltt, BROMIDE OF. SrBr 2 . — The anhydrous bromide is obtained 
by evaporating and heating a solution of the carbonate in hydrobromic acid, also by 
burning strontium in broinine-Yapour. It is a white mass, which melts withoutdecom- 
positiou at a red heat. From the aqueous solution the bromide separates in long 
needles, containing SrBr 2 .3II 2 0, which do not effloresce in dry sir, or even over oil of 
vitriol. When hoated they melt in their water of crystallisation, and then give it off. 
The salt is easily soluble in water, somowhat soluble also in alcohol, and the alcoholic 
solution burns with a purple-red flame. 

BTRONTIUM, CHI.OJLIDE OF. SrCl 2 . — Produced when strontium burns in 
chlorine-gas ; also, according to Weber (Pogg. Ann. cxii. 619), by heating anhydrous 
Strontia in a stream of chlorine. It is usually prepared from ccelestin in the same 
manner as chloride of barium from heavy spar (i. 501). The crystallised chloride, 
SrCl\3H*0, formB long deliquescent needles, which melt when heated, give off their 
water, and leave the anhydrous chloride in the form of a white cnainel-liko mass, or, 
according to Dumas, vitreous and transparent when perfectly pure. The anhydrous 
chloride absorbs 8 at. ammonia, whereby it is converted into u white powder. It dis- 
solves easily in water; iu 116‘4 pts. cold and 262 pts. boiling alcohol of 99 per cent. 
(Fresenius.) 

flTROVTXDM, DETECTION AND ESTIMATION OF.— 1. Blowpipe 
Jieaotiona. — Strontium-compounds heated in the inner flame colour the outer flame 
carmine-red. An alcoholic solution of a strontium-salt burns with a carmine-red 
flame. The spectrum of strontium-vapour is characterised by a red line nearly coin- 
ciding with the solar lino O, and a blue line between F and G (p. 380). All these re- 
actions are distinctly perceptible in presence of a considerable quantity of barium-salt. 

2. Reactions in Solution. — The reactions of strontium-salts closely resemble 
those of barium-saltB. Sulphate of strontium, however, is somewhat more soluble than 
sulphate of barium : hence sulphuric acid or a soluble sulphate does not precipitate a 
dilute solution of a strontium-salt so quickly as it does that of a hanum-salt. A 
barium-salt gives a precipitate with a solution of sulphate of strontium, which a stron- 
tium-salt of course does not. Strontium-salts are further distinguished from barium- 
salts by not forming precipitates with silicojltwric acid or acid chromate of potassium. 
A few drops of solution of strontium-chloride, evaporated on a watch-glass, yield 
needles of the hydrated chloride, whereas a solution of barium-chloride evaporated in 
like manner yields small cubes. 

3. j Estimation and Separation. — Strontium is best estimated as carbonate by 
precipitation with ammonium-carbonate and ammonia from a hot solution. The pre- 
cipitation of strontium by this method is more complete than that of barium. Car- 
bonate of strontium is not decomposed by ignition over an ordinary lamp. Strontium 
may also be estimated as sulphate ; but as this salt is not absolutely insoluble in 
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water, it is necessary to add alcohol to complete the precipitation, which can only be 
done when the original strontium-salt is soluble in alcohol, 

Strontium is separated from most other metals in the same manner as barium. 
When a solution previously freed from metals of the first and second groups 
(i. 217), by treatment with sulphydric acid and sulphide of ammouium, is further 
treated with carbonate of ammonium, the precipitate may contain tho carbonates of 
barium, strontium, and calcium. From bari uin, strontium may be separated by dis- 
solving the carbonates in a slight excess of hydrochloric acid ; mixing the solution with 
excess of silicofluoric acid ; then adding alcohol ; leaving the whole to itself for twelve 
hours; filtering; washing the precipitate with weak spirit; and precipitating the stron- 
tium from the filtrate as sulphate. If the two metuls are present as sulphates, it is 
best to treat the mixture repeatedly with a solution of potassic or ammonic carbonate 
without applying heat. The residue, when thoroughly washed and treated with dilute 
hydrochloric acid, leaves pure sulphate of barium, the whole of the strontium dissolving 
as chloride. (II. Rose, Fogg. Ann. xcv. 286.) 

From calcium, strontium may be separated by the insolubility of its nitrate in 
absolute alcohol. 

For the methods of separating strontium from barium and calcium together, see 
Calcium (i. 717). 

For detecting small quantities of strontium (and barium) in calcareous minerals, 
Engelbaeh (Ann. Ch. Pharm. cxxiii. 255) subjects the pulverised carbonate, obtained 
by decomposing the natural sulphate or silicate, to strong ignition; then boils it 
thoroughly with distilled water, and evaporates the rapidly filtered solution with 
addition of hydrochloric acid — or, if alkali -mot nls arc* also present, precipitates with 
ammonia and carbonate of ammonium— and examines the chlorides or carbonates with 
the spectroscope. 

4. Atomic Weight of Strontium. — Stromcyer in 1816 (Schw. J. xix. 228), by 
decomposing carbonate of strontium with nitric acid, and determining the quantity of 
rurixiirie anhydride evolved, estimated the atomic weight of strontium at 88*22. Ho 
further report od that, according ro H. Hope's determination, 100 pts. chloride of stron- 
tium yield by precipitation 181*25 pts. chlorido of silver. This gives (for Ag — 108, 
and Cl = 35-5) Sr" ~ 87*34. Fclouzo, iu 1815 (Ann. Ch. Pharm. Ivi. 204), by a 
similar method, found Sr" = 87*70; and Dumas (ibid, cxiii. 34) found Sr* — 87*6, 
which number may bo taken as the correct atomic weight of the metal. 

BTftOVTZUM, Z*ZiT70RXDZS OF, SrF 2 , is prepared, like tho corresponding 
barium-compound, by decoin posing oxide or carbonate of strontium with hydrofluoric 
acid, or by precipitating a strontium-salt with fluoride of sodium. It is a white pow- 
der, insoluble in water and in aqueous hydrofluoric acid. 

STRONTIUM, BTDRATfl OF. See Strontium, Oxide of. 

STRONTIU M, X03>X2>H OF. Sri 2 . — Obtained by saturating hydriodic acid 
with strontia or sulphide of strontium, and evaporating. It may be fused without 
decomposition in a closed vessel ; but when heated in contact with the air, it gives off 
iodine, and is converted into strontia. It dissolves easily in water, and may be recrys- 
talliscd therefrom. 

STRONTIUM i OXXDB OF. SrO. Strontia. Siro?itian . — Prepared by 
heating the nitrate to redness, or by exposing the carbonate, either alone or mixed with 
charcoal, to the strongest hpat of a forge-fire. It is a greyish -white porous mass, of 
specific gravity 3*0 to 40 (Davy), 3*932 (KaTftten), infusible, not volatile, and glows 
in the blowpipe flame with a dazzling white light. It has an alkaline taste and reac- 
tion. When moistened with water, it becomes hot, and falls to powder like lime; if 
only the exact quantity of water required be added, the strontia hardens to a crystal- 
line hydrate. When heated nearly to redness in a stream of chlorine-gas, it glows 
brightly throughout its whole mass, and is converted into a sintered mass of chloride 
of strontium. (R. Weber, Pogg. Anti. cxii. 649.) 

Hydrate or Hydrated Oxide of Strontium , SrH*0* — Sr"O.H*0, is pro- 
duced, as just noticed, by the direct union of water with the anhydrous oxide. On dis- 
solving this hydrate in 5 or 6 pts. of boiling water, filtering hot, and leaving the solu- 
tion to cool slowly in a closed vessel, it deposits small, needle-shaped, transparent crys- 
tals, containing SrHK).8H*0, which deliquesce on exposure to the air, and are ulti- 
mately converted into carbonate. When heated to 100° or above, they give off 50 par 
cent, water, and leave tho monohydrate 8rH 2 0*. By heating the crystals to low red- 
ness, the hydrate is obtained in the fused state, and solidifies on cooling to a greyish- 
white radiated mass. According to Bloxam (Chem. Soc, Qu. J. xiii. 48), hydrate of 
strontium gives off all its water at a red heat, leaving anhydrous strontia* 

The crystals, Sr"H*0*.8HK), dissolve in 50 pts. of cold and 2*4 pts. of boiling water. 
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The solution, called ttrontia-ieatrr, in colourless, strongly alkaline, and absorbs carbonic 
acid from iho air, becoming corored with a crust of carbonate. It may be prepared, 
like baryta- water, by boiling a solution of the sulphide with oxide of copper (i. 505). 

A peroxide of strontium is obtained as a hydrate, in shining scales by mixing 
stron tin-water wi th peroxido of hydrogen . ( T h 6 n a r d.) 

STBOZrTlVM, OXYSULPSIOS 07* See the next article. 

BTUOXTXUM, BUXiPBXDES OT. The monosulphide, SrS, is prepared, 
like the corresponding hariumsulphido ( i . 607), by reducing the sulphide with coni or 
charcoal. It is a white, granular, sintered but friable mass. By solution in a largo 
quantity of boiling water, it is decomposed, the liquid, as it cools, yielding crystals of 
strontium-hydrate, whilst stroutium-sulphydrate remains in solution : 

2SrS + 2WO - ScH 2 S* + SrH 2 0*. 

If it bo treated with a quantity of water not sufficient for this complete decomposition, 
a solution is formed containing chiofly sulphydrate of strontium, and on treating the 
residue With fresh quantities of water, a nearly pure solution of the hydrate is obtained. 
(If. Rose.) 

Toly sulphides (Sc hone, Pogg. Ann. cxvii. 56). — By digesting 1 at. of the monosul- 
phirte and 3 at. sulphur in water, and leaving the solution to evaporate, at a tempera- 
ture not exceeding 17°, a brownish-red viscid syrup is obtained, which at 8° solidifies 
to a crystalline mass of the tetra sulphide, SrS 4 , with 6 at. water. This compound 
is very hygroscopic, soluble in water and in alcohol ; on exposing the solutions to the 
air, hyposulphite of strontium is formed and remains dissolved, while sulphur and a 
small quantity of strontium-carbonate are deposited. On heating the syrup to 100°, 
or concentrating it under thp air-pump at a temperature above 17° (best between 20° 
and 25°), the totrasulpliide separates with 2 at. water, as a light-yellow solid mass. 
When heated above 100°, it is decomposed by its water of crystallisation. It is not 
acted upon by carbonic disulphide. 

By exposing the alcoholic solution of the tetrasulphido to the slow action of air, 
ruby-red, transparent, rhombic crystals are obtained, consisting of a hydrated oxy- 
t etrasulphido, SrO.SrS 1 . 1211-0, which are decomposed by water. They are pro- 
bably identical with the supposed disulphide, which Gay-Lussac obtained (Ann. Ch. 
PhyH. [2] xiv. 302) by leaving a solution of strontium-sulphido to itself for some time. 

Pentasulphldo of strontium is formed by digesting tne monosulphide in water 
with 4 at. sulphur, but exists in solution only. On evaporating the solution under the 
air-pump at about 20°, a residue is obtained consisting of the tetrasulphide mixed 
with sulphur. (Sc hone.) 

Sulphydrate of, Strontium , Sr IT'S 3 = SrS.H*S. — Produced by passing sulphy- 
dric acid gas to saturation through strontia- water, or through water in which sulphide 
of strontium is suspended, or by dissolving sulphide of strontium in a small quantity of 
boiling witter, whereby it is resolved, as above mentioned, into hydrate and sulphy- 
drate. Berzelius, by evaporating in a vacuum the solution prepared by the first method, 
obtained the sulphydrate in large striated prisms, which when heated melt in their 
water of crystallisation, then give it off, together with sulphydric acid, and leave a 
residue of inonosulphide of strontium. In otlior respects the compound exactly resem- 
bles sulphydrate of barium (i. 508). 

STStrTSZlir. Syn. with Saponin (p. 192). 

8TRWZTI, Ammon io-magnesic phosphate, (NH 4 )Mg*(P0 4 )*.l2aq., occurring in 
crystals in cortain varieties of guano. (Phosphates, iv. 568.) * 

ST&YCHnrXO ACID. Syn. with Io as uric Acid (iii. 242). 

STftTCBVXNB. CP'H^N’O*. (Pelletier and Oaventou [1818], Ann. Ch. 
Phys. x. 142 ; xxvi. 44. — Pelletier and Dumas, Ann. Ch. Phys. xxiv. 176. — Liebig, 
ibid, xlvii. 171; xlix, 244.— Regnault, Ann. Ch. Phys. lxviii. 113. — Gerhardt, 
Iievue Seicntif. x. 192. — Nicholson and Abel, Chem. Soc. Qu. J. ii. 241. — Henry, 
Pharln. viii. 401. — Corriol, ibid. xi. 492 — Bobiquet, ibid. xi. 580. — Witfstock, 
Trails de Chimie de Bersilius. — Hen ry, /Us, J. Pharm. xvi. 752. — Gm. xvii. 479.) 

This Vegetable alkaloid exists, together with brucine and igasurine, in mix-vomica, in 
St. Ignatius-boans, in the' wood of Strychnos Colttbrina , in Strychnia Ttcttii, Upas 
Tieutl, and probably in several other varieties of Strychnos (see Bbucink, i. 681). 
Java afcrow-poison, found in a bamboo, contained 62 per cent, of strychnine. 

}*reparat\on : 1. From St. Tynatius -beans. — The rasped beans are exhausted with, 
ether, and then treated several times with boiling alcohol. The alcoholic solution 
having been distilled to remove the alcohol, is to be treated witjj solution of hydrate 
of potassium to precipitate the strychnine (Pelletier and Caventou). This process 
is obviously imperfect. 
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2. From Nwt-vomica. — a. The beans are exhausted with alcohol, and the solution la 
distilled to recover the alcohol. The residue is dissolved in water, and basic acetate of 
lead added until no further precipitation takes place. The strychnine remains in 
solution in thestate of acetate; the liquid also contains colouring-matters, and the excess 
of basic acetate of lead. Sulphide of hydrogen is passed into the solution, which is 
theu filtered, and boiled with maguesia. The precipitated strychnine, after being 
washed with water, is ciystallised from alcohol. The mother-liquors retain the brucine. 
(Pelletier and Caventou.) 

b. The pulverised nux-vomica is exhausted with boiling water, and the decoctions 
are evaporated until syrupy; powdered chalk is then added by degrees, until in slight 
excess. The precipi tate contains the calcium-salt of an acid existing in nux-vomica, the 
strychnine, and other substances. After being washed, it is exhausted by treatment 
with alcohol of specific gravity O' 827, and the liquids are then evaporated in the water- 
bath to the crystallisi ng-point. The strychnine is purified either by repeated crystal- 
lisations, or, better, by conversion into nitrate, and reorystallisation. The alkaloYd 
may be obtained from the nitrate by precipitation with ammonia. One kilogramme of 
nux-vomica yields by the above process 5 or 6 grammes of strychnine. (Henry.) 

c. The following process is said to be more advantageous than the preceding ones : 
1 kilogramme of nux-vomica is to be softened by being steamed, then dried, and pul- 
verised moderately fine. It is theu digested in the water-bath, with 4 or 6 litres of 
alcohol of specific gravity 0*850 acidified by 40 or 50 grammes of sulphuric acid. 
Quicklime is then added to the alcoholic solution, to remove the acid and precipitate 
the colouring-matter. The supernatant liquid is decanted, and tlio deposit is washed 
with alcohol. All the alcoholic liquors arc* then mixed, carefully fliterc-d, and distilled. 
The residue in the still is coloured and alkaline ; it is saturated with dilute sulphuric, 
hydrochloric, or acetic acid ; and the solution is to be filtered, concentrated, and pre- 
cipitated in the cold by a slight cxivss of ammonia. The precipitate is composed of 
a mixture of strychnine find brucine. It is to be digested with weak alcohol of specific 
gravity 0*942, to remove the brucine. Tlio remaining strychnine is to be dissolved in 
alcohol of «|M*cific gravity 0*837, and t he boiling solution treated with it small quanti ty of 
animal charcoal. The filtered solution, on cooling, deposits the strychnine in crystals. 
(Henry,//*.) 

d. Eight pounds of the powderod nux-vomica are mixed with unequal weightof water, so 
as to form a thirk paste, which is then oxjiosmI to a temperature of 20° to 25°. In the 
course of a few days, a violent fermentation sets in, which is generally finished in about 
eighteen to twenty days. The liquid is now pressed through a hair-sieve ; the solid 
residue pressed, and boiled twice or three times with water; and tho united liquids 
evaporated down to 12 quarts. To this 9 ounces of powdered quicklime are 
added, the whole left quiet for Bix or eight hours, and tho liquid separated from tho 
precipitate by pressure; it is then mixed with sulphuric acid, the calcic sulphate re- 
moved, and the liquid evaporated to 2 quarts. One ounce of lime is now added to it, and 
tho treatment repented as above described. The precipitate formed is submitted to 
great pressure, ami united to the previous one. Tne dried precipitate is now digested 
with 2 quarts of alcohol of specific gravity 0*935, which dissolves out brucine and colour- 
ing matters ; and from this solution strychnine is likewise obtained by crystallisation. 
The remaining precipitate is digested repeatedly with 6 quarts of alcohol of specific 
gravity 0*838, the solution filtered, and four-fifths of the alcohol recovered by distil-' 
Jation. In one or two days the strychnine separates as a white crystalline powder; it 
is washed several times with alcohol of specific gravity 0*935, to remove any Adherent 
brucine, and is obtained perfectly pure by recrystallisation. (Molyn, J. Chim. m6d. 
iii. 507.) 

t. Nux-vomica is to be boiled with alcohol of 94 per cent. The liquid is to be 
decanted, and the residue dried in an oven ; it then becomes easily pulvcrisable. The 
powder is to be exhausted with alcohol, and the liquids mixed. After being evapo- 
rated to a convenient bulk, acetate of lead is to be added as long as a precipitate is 
formed. Colouring matters, vegetable acids, and fatty substances are thus removed. 
The precipitate is thrown on afilter, and well washed; and thefiltered liquor is evaporated 
until reduced to about a half or a third of the weight of the nux-vomica employed. 
Magnesia is then added to the liquor, and the whole is left at rest for several days, 
until the brucine has had time to deposit. The precipitate, having been collected 
on linen, is to be pressed, dried, and treated with alcohol of 83 per cent., to dissolve 
the alkaloids. On distilling? of}' the alcoholic liquors' the strychnine is first deposited, 
while the brucine remains in the mother-liquors. To purify the crude strychnine^ 
it is to be saturated exactly with dilute nitric add. On concentrating the solution, 
the nitrate of strychnine is first deposited, in needles, and the nitrate of brucine 
is afterwards deposited in much larger crystals. The last mother-liquors are 
gummy, but they still contain some of the alkaloids, which must be extracted by 
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a fresh treatment with magnesia &c. as before. When brucine is precipitated, 
there always remains in solution n considerable quantity, which is deposited after 
a time in crystalline grains. One kilogramme of nu x- vomica y/Ads, on treatment as 
above, 2 grammes of nitrate of strychnine, and 2 grammes of nitrate of brucine. 
(Wittstock.) 

3. From Upas TieutL — The filtered aqueous solution of the upas is digested with 
magnesia; the precipitate is washed, dried, and boiled out three times with alcohol; 
the alcoholic solutions are evaporated ; the residue is dissolved in dilute sulphuric acid 
and digested with animal charcoal ; and the solution is again precipitated by magnesia. 
The precipitate is then exhausted with alcohol, and the solution evaporated to dryness. 
(Pelletier and Caventou,) 

Detection of Strychnine in cases of Poisoning (i. 127). 

Properties . — Small, white, four-sided prisms, terminated by four-sided pyramids 
(Pelletier and Cavcntou). — Crystals of the trimetric or rhombic system. 
Lustre vitreous, pearly on the cleavage-faces. Hardness between 2 and 2*5 (Ken got t, 
Pogg. xev. 614). Crystals permanent in air, unaltered by light. Rotates polarised 
light to the left. May be fused without decomposition. Inodorous, taste intensely 
bitter. Excessively poisonous; one-eighth of a grain will kill a largo dog; three- 
eighths of a grain cause in man violent tetanic, convulsive spasms of the extremities, 
trismus, opisthotonos, and other formidable symptoms ; half a grain, given three times 
a day for several days, caused death with the usual symptoms. (Pereira, Materia 
Medica , ii. 1310.) 

Strychnine in poisonous doses almost invariably produces tetanic convulsions. The 
smallest dose yet known to prove fatal, was in the case of I)r. Warner, who swallowed 
half a grain of sulphate of strychnine in mistake for morphia. In a few minutes he was 
seized with constriction of the throat, tightness of the chest, rigidity of the whole muscular 
system, and tetanic convulsions. He died in about fourteen minutes {Taylor on 
Poisons, p. 777). The writer has tried the effects of doses of one- twelfth of a grain, re- 
peated every four hours. On the second day the effects were sufficiently unpleasant 
to render it proper to cease the experiment for a time. Great variation is found in the 
power of different individuals to resist the poison; doses of evon three grains have 
been endured by patients, whore the quantity has been very gradually increased (Gaz. 
m£d., Mars 1845 ; Taylor on Poisons, p. 777). Strychnine has an alkaline reaction. It 
resists put refaction, and may consequently ho extracted successfully from bodies which 
have been buried for a long time, even after three years. (Macadam.) 

Strychnine dissolves in 6667 parts of cold, and in 2500 parts of boiling water 
(Pelletier and Cavcntou.) 

Decompositions , — 1. Strychnine, when submitted to destructive distillation, yields 
pyrrol among other products (Gre.v. Williams). When cautiously heated, it gives 
off colourless vapours, probably of undeconi posed strychnine, then melts to a brown 
liquid, which when further heatod gives off brown \ T apours, and leaves a carbonaceous 
residue (I) uf 1 os). Strychnino by destructive distillation yields small quantities ot 
chinoline (Gerh ardt). Strychnine is very easily oxidised, at a red heat, by oxide 
of copper or chromate of lead, and therefore, contrary to the statements of many 
chemists, is very easily analysed by the ordinary processes (Abel and NicliolsOn). 
— 2. Vapour of iodine acts on strychnine, forming a peculiar compound. — 3. Bromine 
produces, in solutions of strychnino, a resinous precipi tateof bromcstrychmne(La area t). 
— 4. Dry chlorine does not act on strychnine or its salts, but eblorostrychnine is 
formed when the gas is passed into water in which strychnine is suspended. A solu- 
tion containing 1 pt. of acetate of strychnine in 8,000 pts. of water is rendered turbid,., 
by chlorine (Marchand). — 5. Solution of chloride of lime gives a white precipitate in 
dilute solution of acetate of strychnine (Horsley). — 6. Strong nitric acid, if hot, con- 
verts the alkaloid into a yellow explosive nitro-compmind, which is probably nitrate of 
nitrostrychnine. The solution, on treatment with alkalis in excess, gives off volatile 
bases (Anderson). If strychnino turns red with cold strong nitric arid, it indicates 
the presence of brucine. — 7. Cold oil of vitriol dissolves strychnine, forming a colour- 
less solution, which yields coloured reactions with most oxidising substances. Thin 
solution yields the following reactions with various reagents : — a. Peroxide of lead gives 
a blue coloration, becoming violet, then red, and finally in a few hours yellow. — b. Add 
chromate of potassium in the solid state, added to the above liquid on a porcelain plate, 
gives a fine violet coloration ; if the quantity of strychnine present is large, the colour is 
pale-blue. — c. Ferrocyanide of potassium yields a somewhat similar reaction to 5, but 
more permanent.-— d. Black oxide of manganese affords a violet coloration, becoming 
dark-red in the course of an hour. The presence of santonin, or Btareh, does nqt prevent 
the recognition of strychnine by acid chromate of potassium in the above solution; sugar, . 



STRYCHNINE. 4lt 

quinine, or morphine renders it indistinct, but does not affect the reaction with peroxide 
of manganese. The presence of 30 pts . of tartar-emetic does net prevent the coloration 
with acid chromate of potassium, but 60 pts . render it indistinct. Very small quanti- 
ties of Animal matters, or vegetable extractive matters, render the above reactions indis- 
tinct, when the .strychnine is present in minute traces only. — 8. Hot solutions of iodie 
acid colour strychnine and its salts violet-red. — 0. The iodides of the alcohol-radicles 
form derivatives which will be described further on. 

Combinations. — With Iodine. — a. When a solution of 1 pt. of strychnine in 1 pt. of 
alcohol and 3 pts. of water is warmed with a little tincture of iodine, and left to cool 
spontaneously, crystals of an iodine-eoni pound are deposited, having the properties of 
double absorption. Its formula is probably (Ilerapath). — b. When a 

solution of strychnine in weak alcohol, acidified with hydrochloric or hydriodic acid, is 
precipitated with tincture of iodine, the precipitate dissolved in boiling alcohol, and the 
solution left to cool, bright rod-brown prisms are formed permanent atl4(P, and having 
the formula C* , II**N s O a .HI.F. (Tilden.) 

When 2 pts. of strychnine are triturated with 1 pt, of iodine, the resulting mass 
dissolved in boiling alcohol, and the solution concentrated and allowed to cool, laminse 
are deposited having the colour of mosaic gold, and the formula 2C’- , H a ‘*N , 0 5r l*. 

Strychnine Salts. — A cids easily dissolve strychnine, forming neutral solutions 
having an intensely bitter taste, and virulently poisonous. 

Act fates of Strychnine . — Neutral acetate of strychnine crystallises with difficulty, tho 
acid salt easi ly. ( P e 1 1 e t. i e r and Ciivontou.) 

Arsenate oj Strychnine, 2C- ,| H w N a 0 s .3H*0.As t 0 5 + H-O. — Monoclinic prisms, solu- 
ble in 1,5 pts. of cold, and in 5 pts. of lint water. 

Arseni tc of Strychnine, 2C* 'H^N v O s . IPO. A s* O*. — Dull white cubes, efflorescing in 
the air. 

Bronw mere urate of Strychnine. — Formed in tho same manner as the iodine-com- 
pound {infra), but using bromide instead of iodido of potassium. 

Chloro-aurate of Strychnine , C-'JI^N-’CP.IICl.Air Cl*. — Jv< -mon-yellow precipitate, 
very slightly soluble in water. CrystaP'scfl from alcohol in pale orange-coloured crys- 
tals. (Nicholson and A 1 m*1.) 

Chromate of Strychnine, 2 (F 1 H r -'N -O *. H*0. C r O *. — Lemon-yellow needles, neutral, and 
sparingly soluble in water and alcohol. (Nicholson and Abel.) 

Chlaroeadmiate of Strychnine , 2(C a, II* 5 N*0 , .IlCl).CM"CP. — White glittering scales, 
long needles, or largo transparent prisms. Does not lose water at 130°. (UuTlotly.) 

ChloromeTcurate of Strychnine , C ZI J 1 II Cl. H g"CP.-~ A dense pulverulent pre- 

cipitate, which soon turns gelatinous, is thrown down on adding solution of mercuric 
chloride to solution of hydrochloride of strychnine. Crystallises from alcohol. 
(Nichol son ami A bel.) 

Strychnine with Mercuric Chtorule, C’ 1 }l* 2 N 2 0‘MIg"Cl 5 . — Thrown down by a solution 
of mercuric chloride from a solution of strychnine in weak alcohol. White crystalline 
precipitate, insoluble in water, alcohol, and ether. (N icholsoii mid Abel.) 

Sidphate of Strychnine, with Mercuric Chlvt ide, 2C* l H M N*0 1t ,II , SC) l .2lIg f, Cl*. — Pro- 
duced by dissolving the mercurous compound in sulphuric acid. 

*■ Strychnine with Mercuric Cyanide , O ‘II W N ' i Q' i .l\g"Cy' 2 . — An alcoholic solution of 
f etry<^ nine, precipitate by excess of solution of mercuric cyanide, yields this compound 
. in small prisms, slightly soluble in water and alcohol, insoluble in other. (N ichol- 
son and Abel.) 

Chlorate of Strychn ine. — Strychnine dissolved in aqueous chloric acid forms a rose- 
red solution, which yields thin short prisms, and, when the solution is concentrated, 
Solidifies completely. 

*** Chloropfatinate of Strychnine , 2C**H , *N i O a .2HCl.Pt , *ClV — Solution of hydrochlorate 
of strychnin* is precipitated pale-yollow by a solution of tetrachloride of platinum. 
The precipitate is nearly, insoluble in water and ether, and with difficulty in boiling 
alcohol. From the latter solution it crystallises in scales resembling mosaic gold. 

^ Chtoropaltadiic of Strychnine, 2C* l H w N it 0 2 .2H01.1M"CI 5! . — When a solution of 
dichloride of palladium is added to a solution of strychnine in hydrochloric acid, a 
brown fiocrolent mass is precipitated. It is soluble in water and alcohol, and from a 
boiling solution in tho latter menstruum, may be obtained, on cooling, in dark-brown 
noodles. It is not decomposed at 100°. (Nicholson and A bob) 

# Hydrobromate of Strychnine , C c, ir**N 2 0* HBr, — Produced by dissolving strychnine 
in hvdrobromic acid, ancl crystallising from water, (Ni c h olson and Abel.) 

Mydriodaif of Strychnine, O’H^NW.HI. — A dense crystalline precipitate is thrown 
on adding a solution of iodido of potassium to a solution of strychnine 
'r. Planta). The alcoholic solution, when evaporated, yields glassy four-sided needles, 
parch.) 
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Hydrochlorate of Strychnine, C a, H w N*0*HC?J.— 100 pts. of strychnine, whm 
to a current of hydrochloric acid gas, and then heated to 160°, retain 10 87 of hy&o- 
ehloric acid (Regnault). The same salt is easily obtained by dissolving strychnine 
in hydrochloric acid, It is neutral towards vegetable colours (Nicholson ant) 
Abel). It rotates polarised light to the left; [a] r = 28’1 8°. The salt is soluble hi 
about 60 pts. of water at 22 J (Bouch a rd a t). (As to water of crystallisation, see Gm. 
xvii, 494.) 

Hydrocyanatc of Strychnine.— ‘When strychnine is dissolved in aqueous hydrocyanic 
acid, and the solution is evaporated, the hydrocyanic acid is entirely expelled. (Pei* 14 
letier and Cave n ton.) 

Hydroferrocyanate of Strychnine ; 4C 21 H**N 2 0 2 .H 4 Fe"Cy e .2H y 0. — Colourless needles, 
produced hy mixing cold saturated solutions of ferrocyanide of potassium and neutral 
salts of strychnine. (Jirandis.) 

Hydrojlnate of Strychnine , 2C ! 1 H W N 2 O 2 . 8 II FI , IPO. — Colourless right rhombic 
prisms, having an acid reaction. (El d erho r st.) 

Hyposulphite of Strychnine , 2C 2, H 22 N 2 0 2 .H-S 2 0 3 .4lI 2 0. — Formod in a mixture of 
strychnine, alcohol, and sulphide of ammonium on standing in the air, (How.) 

Iodomercurate of Strychnine , C' < *H4 i N 2 0 2 .HI.Hg'T J . — Obtained hy mixing solutions 
of 2 at. hydrochlorate of strychuino, 6 at. iodide of potassium, and 1 at. mercuric 
chloride. Shining microscopic crystals, insoluble in cold and in hot water, and but 
little soluble in boiling alcohol. (Groves.) 

Nitrate of Strychnine , C^H^N-OMINO 11 . — Strychnine in fine powder is gently 
heated until dissolved with nitric acid, diluted until it is but feebly acid to the 
taste; the solution, on cooling, doposits. beautiful colourloss needles of nitrate of 
strychnine. If the nitric acid is too concentrated, the solution assumes a yellow colour 
immediately heat is applied, and a nitro-com pound is formed. No acid nitrate is pro- 
duced. 

Meflitate of Strychnine . — When an alcoholic solution of strychnine is mixed with 
an alcoholic solution of mellitic acid, a dazzling white ciystallino precipitate falls. 
It is soluble in 1500 pts. of cold, and in 650 pts. of boiling water; perfectly insoluble 
in alcohol. (Karmrodt.) 

Oxalate of Strychnine . — Neutral , 2C 2, H W N 2 0\C 2 1I 2 0 4 . Oxalic acid neutralised 
with strychnine yields long flat needles, neutral to litmus. — Acid salt, 

C 2 JI ,J 0 4 . Obtained by treating the neutral oxalate with oxalic acid. 

Perchlorate of Strychnine, C 2I H 22 N 2 0\HC10 4 , — A solution of sulphate of^ 
nine decomposed by perchlorate of barium yields small, pale-yellow, glassy, T 
prisms. 

Periodate of Strychnine. — Produced by dissolving strychnine in a warm aqueous 
solution of periodic acid; it crystallises in six-sided prisms terminated by fotuvsided 
pyramids. . * 

Phosphantimonate of Strychnine. — Yollowish-white curdy precipitate, producejby 
adding a solution of phosphantimonic acid to a solution of a strychnine-salt. 

Pier ate of Strychnine. — An alcoholic solution of picric acid precipitates ftfpoholid 
solution of strychnine pale-yellow; hot solutions, on cooling, yield flnq yiellow 
crystals. 

Sulphate of Strychnine. — Neutral, 2C 2 'II K N 2 0 2 H 2 S0 4 . Dilute sulphuric add satn*J 
rated with finely powdered strychnine (Nicholson and Abel) yields large four-sided, 
prisms. The salt rotates polarised light to the left; [a],. *= 25*58 c for the salt driedjj 
at 40°. — Acid , C* 1 H ;i N 2 0 J . H‘S O 4 . This salt is formed by adding dilul 
acid to the neutral salt ; it crystallises in long thin neodlos, and is very 
paper. (Nicholson nnd Abel.) 

Sulphocyanate, C 2, H T2 N , 0*.CyIIS. — Sulphocyanato of potassium 
solutions of strychnine-salts, a dense crystalline precipitate; from 
silky needles. (Artus; v. Planta.) 

. Tartrates of Strychnine. — Neutral dextrotartrate, 2C l, H 22 N s O t .C 4 H*O a + 
taric acid is neutralised with strychnine. Efflorescent needles an in 
Acid dextrotartrate. Strychnine dissolved in excess of tartaric acid yields slen< 
with acid reaction. 

Antitartrate of Strychnine. — The neutral salt heated to 100° loses 7*8. 
water, aud nothing more- at 200°, but becomes coloured, but to a less extent 
dextrotartrate. The acid salt loses all its water of crystallisation (10*3 per centr 
rapidly than the acid dextrotartrate. 

Oxystryobnloes, in. 820. 
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Dshivatiym of Strychnine. 

nCetfcylstrychnine, C«H*«N*0* - C^n^NVCH^O 1 .— Finely-powderfd stryeh- 
nine is heated for soma hours with slight excess of met hylic iodide in a sealed tube. 
When the reaction is complete, the excess of methflic iodide is distiJhd off, and the re- 
sidue is dissolved in hot water and filtered, to remove any uncombined strychnine. On 
<*x&ling, the solution yields crystals of hydriodate of methylstrychnine, from which 
the base may be separated by means of oxide or sulphate of silver, as follows : — 
'.a. By oxitle of silver . — The hydriodate, prepared as above, is agitated with 3 or 
4 pts. of cold water and some oxide qf silver, whereby iodido of silver is formed ; the 
liquid then filtered off, and evaporated to the consistence of a syrup, whereupon it de- 
posits crystals of hydrate of methylstrychnine. As the dark mother-liquor 
cannot be made to crystallise, the following process may bo substituted : — b. The 
solution of hydriodate of methylstrychnine is to be decomposed with an equivalent 
quantity of sulphate of silver ; the solution separated from the iodide of silver is 
mixed with baryta-water, and evaporated to dryness ; and the residue is heated with 
water, and evaporated: crystals of hydrate of methylstrychnine then separate out. 
As the salt thus obtained contains excess of water, it is to be dried between 130° and 
140°. (For very full details concerning the reactions and decompositions of methyl- 
strychnine, see Gni. xvii. 507.) 

It is remarkable that hydrate of methyl strychnine is not poisonous. Rabbits can 
take 11 grains in the course of a day without being poisoned (Stahl sell mid t). 
Hydrato of methylstrychnine forms easily soluble and crystalline Balts with acids. 
Aqueous methylstrychnine precipitates salts of nickel, cobalt, iron, and copper; it 
also precipitates alum, but an excess does not redissolve tho precipitate. 

Dwsphatc of Methylstrychnine, C ZI 11 ,, N V (CH , )0 , .1 > I1 , 0 1 . — Aqueous mcthylstrych- 
nine neutralised with phosphoric acid yields a crystalline mass, readily soluble in 
Water and alcohol. (Stahls eh hi i dt») 

’ Sulphate of Mrthyt strychnine. — a. Neutral, 2C ,, H z, N*(CH i )0 , .H t S0*. — Preparation 
(see hjcthylstry ch nine, b). May also be obtained by neutralising the aqueous base 
With-dUute sulphuric acid. Thin pearly laminae, efflorescent, eawily soluble in water.-— 
b, jfeijd sdki C 2, H ;, N 2 (CH , )0 2 .H 2 S0^. Crystallises easily in lam in®, which have a 
acid reaction. (Stub lsch midi.) 

JtJBfcibdate of Methylstrychnine , C* , H* , N f (CR 1 )0*.HI. Pcariy lam i me, requiring 
213 pts. of cold, but easily soluble in hot water. Difficultly Boluble in alcohol, 
(fttahlschmidt.) 

Hydrobromatc of Met kyl strychnine, C* , H 2, N*(CH*)0 , .HBr. — Thrown down when 
bromide of potassium is added to a strong solution of tho hydrochlorato. Sparingly 
in cold, but easily in hot water. (St nhlschmidt.) 

* oehlorate of M< thy Istrycknine, C V, 1I 3, N ? (CII , )0 J .HC1. — Formed by neutralising 
. with hydrochloric acid, dr decomposing the sulphato with chloride of barium. 

Fin&ptftnns half an inch long, soluble in water and alcohol. 

... jlatinote, of Methylstrychnine.— Palo-yellow precipitate, difficultly soluble ill 

(fwater ana alcohol, insoluble in ether. 

| Xthylstryobnlne, C»H"N>0* = Preparation. Similar to 

pihat of methylstrychnine, but substituting ethylie for mcthylic iodido. Tha base 
4'tnay bo precipitated by ether from the solution filtered from oxide of silver. 

^EtkyUt ryckn in e. — a. Neutral, Wlien moist carbonate of silver is agitated 
>of ethylstrychnine and water, a colourless solution is obtain**!, which, 
a vacuum, or at 100°, leaves a crystalline residue. Water dissolves 
fthylstrycbnine, leaving flocks of a new base (How). — 5. Acid, 

— When carbonic acid is passed into the solution of tho 
U&onate, and the filtrate is evaporated in vacuo, or at 100°, a white crystalline 
Ifbrmed, having an alkaline reaction. It dissolves in absolute alcohol, and is 
1 from the solution by ether in colouriess prisms. (How.) 
lie of Ethylstrychnine, C :, H i(, N z (C*H > )0*.HL — Shining white four-sided 
(How.) 

e of Ethylstrychnine, C 21 H* 1 N r (C 5 H‘)O f .HN O 1 . — Prepared by decomposing 
driodate with nitrate of silver. Colourless, highly refractive prisms, only slightly 
I in cold, easily in boiling water. (H o w.) 

'Optatinate of Ethylstrychnine, 2C 2, H 2, N*(C*H*)0 , .2HCl.Pt lr Cl 4 . — Yellow pre- 
i which becomes crystalline in a few hours, (How,) 

, C^'H^N^OH'^O*. — Prepared, like ethylstrychnine^ by noting 
t oxide of silver on the hydrochlorato of amylstiycbnine. (How.) 
orate of Amylstrycknine, 2[C #, H 4, N*(C*H ,l )O s .HCl]H*0. — Prepared by 
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heating, for 100 hours, finely -powdered strychnine with chloride of amyL Colourless, 
oblique, rhombic prisms. (How.) 

Nitrate of Amylstrychnine , C # UI* , l^<PH ,, )0 , JIf70 i . — Prepared by decomposing 
hydrochlorate of aznyhtrychninc with nitrate of silver. Radiated groups of colourless 
needles , 


Compounds produced by the action of Dibromide 
of Ethylene on Strychnine. 

Dihydrobromate of Ethylcnc-st rychnine, C 21 II 2o N ff (C 2 H 4 )0 2 .2HBr. — When strychnine 
is heated in a sealed tube for a quarter of an hour, with alcohol and excess of dibromide 
of ethylene, and the resulting crystals are boiled with water until the alcohol and excess 
of dibromide of ethylene are expelled, the solution, on standing, deposits crystals of this 
salt. White crystals, only slightly soluble in cold, but easily in hot water and alcohol. 
The solution is not precipitated by ammonia, potash, or soda. The crystals, treated 
with acid chromate of potassium and sulphuric acid, yield the same reaction as strych- 
nine (M6n6tri6s). Treated with silver-salts, the crystals give up half their bromine, 
but moist oxide of silver removes the whole; thus two series of compounds are 
formed. 

a. Compounds containing Bromine. — An aqueous solution of the crystals is pre- 
cipitated by sulphate of silver ; the excess of silver, and also of sulphuric acid, is 
removed by bary ta- water ; carbonic acid is then passed in, and the solution is filtered: 
the resulting alkaline liquid, evaporated to dryness, leaves a resin, which iVl&netries 
calls Hydrated Oxide of Strychnine-bromethyl-ammoniuni, and represents by the formula 
C BI H ai N a (C 2 H'*Br)O a .H a O. 

Sulphate of Strychnine-bromethyl, — Obtained by decom- 

posing dihydrobromate of ethylene-strychnine with sulphate of silver. 

Nitrate of Strychnine-bromethyl, C ai H ai N i (C a H l Br)<) a .IINO a . — Obtained by decom- 
posing dihydrobromate of ethylene-strychnine with nitrate of silver. Whito needles, 
sparingly soluble in cold, readily in hot water, not decomposed by alkalis. 

Platinum-salt, 2C 21 lI- 1 N 2 (C a Il^lir)0 2 2IICl.Pt u Cl 4 .— Obtained by precipitating the 
dihydrochlorate with tetrachloride of platinum. 

b. Compounds free from Bromine : — 

Hydrate of Ethylene-strychnine, C a, H 2a N a (C a II 4 )O a .H a O. — Solution of dihydrohromate 
of ethylene-strychnine, digested with moist oxide of silver, becomes of a reddish colour, 
and the hydrate is obtained by evaporating the filtered solution. (M6n6tri 6 s.) 

Trichloretkyl ene -stn/ch n inc, C-’ , II |7 Cl a N a (C a H 4 )0 2 . — A white frothy substance, 
obtained bv passing chlorine into an aqueous solution of hydrate of ethylene-strych- 
nine, (Mon6tri£*s.) 

Nitrate of Nitro-cthylcne-strychninc , C 2, II !B (N0 a )N*(C 2 H 4 )0 2 .HN0 s . — When an 
aqueous solution of hydrate of ethylene-strychnine is mixed with nitric acid, a white 
crystalline powder is deposited, insoluble in water,- but soluble in strong acids; on 
evaporation with nitric acid, an orange-red substance is formed, which has probably 
the above formula. 

dilorofttryclmiiie, C 2, H ai ClN a O a . — When a hat solution of hydrochlorate of 
strychnine is treated with chlorine-gas, a resin gradually deposits, the solution retain- 
ing hydrochlorate of chlorostrychnino. Ammonia is then added to the solution drop 
by drop, until a small permanent precipitate is formed, the liquid is filtered, and the 
filtrate is precipitated with ammonia. (Laurent.) 

Sulphate of Chi or ost rychnine , 2C 21 H 2, C1N 2 0 2 .H 2 S0 4 .— Prepared by neutralising dilute 
sulphuric acid with chloroStrychnine, and obtained in crystals by evaporating tha 
solution. f ' 


Classified List of Memoirs on Strychnine. 

Detection of Strychnine. — B r i e g e r, J ahrb. pr. Pharm. xx. 87. — B i n gl ey, Chem. Gas. 
1856, p. 229. — De, Vrij and Van derBurg, Pharm. J. Trans, xvi. 448. — Erdmann 
and Marchand, J. pr. Chem. xxxi. 374. J. Erdmann, Ann. Ch. Pharm. exxii. 
360. — Eboli, Archiv. dor Pharm. cxxxv. 186. — Flandin, Compt. rend. Ixxxvi. 517--** 
Gorup-Besanez, Handworterb. [2J i. 468. — Hiinefeld, Schw. lx. 454.-— Hagqfi, . 
Ann. Ch. Pharm. ciii. 159. — Jordan, N. Repert. x. 156. — Mayer, J. Pharm. [3], xlli. 
124.-—Otto, Ann. Ch. Pharm. c. 39. — Reese, Chem. Nows, 1862, p. 316. — Rousseiu, 
J. Chim. M6d. xx. 416. — Rodgers and Gird wood, Pharm. Trans, xvi. 497. — 

J. pr.. Chem. lv. 232. — Stevonson Macadam, Pharm. J. Trans, xvi. 120» 

Kopp’s Jahrcsbr. 1856, p. 759.— Schroder, N. Br. Arch, xciii. 190.— Thomas,A|jik 
Jo urn. Pharm. 1862, p. 227. — Thom son, Pharm. g. Trans, ix. 24. — Vogel, N. BeMp; 
Pharm. it 560. — Von Uslar and J. Erdmann. Ann. Ch. Pharm. cxx. 
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Wagner, Kopp’s Jahresber. 1861, p. 867* — Wittstein, Pharm. Vicrtelj. vi. 273.— 
Lethe by, Pharm. J. Trana. xvi. 10, — Davy, J. Pharm. [3], xxiv. 204. — Mack, K. 
Br. Arch. xlvi. 314. 

Alleged adulteration af Pale Ale with Strychnine . — Graham ami Hofmann, 
Pharm. J. Trans, xi. 604; Ann. Ch. Pharm. Ixxxiii. 39; Chem. Gaz. 1852, p. 197. 

Preparation qf Strychnine . — Corriol, J. Pharm. xi. 492, — Soubeiran, J. Pharm. 
[31, xlv. 230. — Wincklor, Mag. Pharm. xix. 261. — Neuhaus, N. Tr. xi. % 198. 
— Duflos, Perl. Jalirb. xxviii. 2, 208.— 0. Henry, J. Pharm. xvi. 762.— N. E. Henry, 
J. Pharm. viii. 401.— Lebourdais and Tilloy, J. Pharm. [3], xxiii. 406.— Witt- 
atein, Barstell. u. Priifung, p. 215.— Wittstock, Berzelius Lehrb . 3rd cd. vi. 296. 
— Geiseler, N. Br. Arch. ii. 73. 

Action of Bitric Acid on Strychnine and Bructne, — Gerhardt, Chem. Gaz. 1863, 
p. 283. — Gerhardt, Compt. Chim. 1845, p. 138. 

Action of Chlorine and Bromine on Strychnine— Laurent, Compt. rend. xxiv. 220; 
J. pr. Chem. xlvi. 52.— Lepage, J. Pharm. xxvi. 140. — Riegel, N. Br. Arch, lviii. 
274. — Laurent, Ann. Ch. Phya. [3], xxiv. 312. 

Action of nasant Oxygen on Strychnine. — E. Marchand, Chem. Gaz. 1844, p. 484; 
J. Chim. m&l. July 1844. 

Employment of Electricity in Cases of Poisoning with Strychnine. — Duclos, 
Buchner's Hop. Pharm. xxxii. 

Stk ychn i xk-sai — Salts g< nc rally ' Nicholson and Abel, Chem. Soc. Qu. J. 
ii. 241. -Arsenite : Chiappcro, N. Br. Arch. cxv. 94.— Ccrosoli, N. J. Pharm, [4], 
i. 343 .— lb tutor etinate : Kosmnnn, J. Pharm. [3], xxvi. 204.— Carbonate: Lang - 
loin, Ann. Ch. Phya. [3], xl viii. bwi.—ddorocadmmte: Gn Hotly, Ed. Now Phil. J. 
iv. 94. — Chlorozincatc : Grdfi nghoff, J. pr. Chem. xcv. 229 . — Nydrovhl orate of 
Strychnine aud Cyanide of Mi miry : Kohl and Hwu bod a, Chem. Gaz. 1803, p. 70. 
— llydrosul phocyanatc : A rtus, J. pr. Chem. iii. 320; viii. 253. — Henry, J. Pharm. 
xxiv. 194. — Lepage, J. Pharm. xxvi. 140.— Doilfua, Ann. Ch. l'lmrni. lxr. 215. 
— Hydroplatinocyanate : Schwar zenbucii, Pharm. Viertelj. viii. 618. — lodatc; 
Serullas, Ann. Ch. Phys. xlv. 275 . — Peru date : Bndeker, Ann. Ch. Pharm. lxxi. 
64.— Iodomcrcuratc : Groves, Clieni. Soc. Q,u. J. ii. 97. — I lydmjhuite ; Eldorhorst, 
Ann. Ch. Pharm. lxxiv. 77 .—Hyposulphite : How, Pharm. Cenlr. 1856, p. 95. — 
liippurate and Oxalurate: Ann. Ch. Pharm. lxxiv. 77. — Mellitate : Karmrodt, Ann. 
Ch. Pharm. Ixxxi. 170.— Oxalates : Eldorhorst, loe. eit. — Tartrates : Arppe, J. 
pr. Chem. liii. 331. — Pasteur, Ann. Ch. Phya. [3], xxxviii. 437. — Stenhousa, 
Ann. Ch. Pharm. cxxix. 25. 

lodo-com pounds. — Tilden, Chem. Soc. J. [2], iii. 99. — Horapath, Chem. Gaz. 
1855, p. 320; Proc. Roy. Soc. Juno 1856. 

Benzoic derivative of Strychnine. — S chiitzunb or ger, Compt. rend. xlvii. 233; 
Chem. Gaz. 1858, p. 387. 

Substitution-compounds of Strychnin*:. — M/ thyl strychnine : Staliischmidt, 
Pogg. Ann. cviii. 613. — Ethyl strychnine : How, Trans. Roy. Soc. Edin. xxi. 1,27; 
Chem. Gaz. 1854, pp. 321, 341, 365. — Amylsifychnine : How, loc. cit — Compounds pro- 
ducedby the action of Dibromide on Ethylene: M4n6triis, J. pr. Chem. lxxxv. 230. 

Crystalline form of some Salts. — Doscloizeaux, Compt. rend. xliv. 909. 

* C. G. W. 

8TKTOHVOCHSOMS or &TXTOB1TOCSSOMZN. — A resinous yellow 
colouring matter, from the lichens of false August ura, also from those found on the bark 
of Stry chaos Pseudochi no as well as from Upas TicutL The lichens are exhausted with 
ether, and then with alcohol; the alcoholic tincture is evaporated ; and the residue is boiled 
.repeatedly with water, which dissolves extractive matters, ami leaves the yellow. It 
is a reddish-yellow, tasteless, non-poisonous powder. It dissolves in strong nitric acid 
with fine green colour, which disappears on diluting the solution with water ; but ap- 
pears again when the liquid is concentrated, and is turned yellow by sulphuric acid 
and ferrous sulphate. Strong nitric acid .also throws down from alcoholic strychnochrome 
a green precipitate, which loses its colour when washed. Oil of vitriol turns strychno- 
chrome green ; strong caustic potash decomposes it. — It is nearly insoluble in boiling 
water and dilute alkalis; soluble in acetic acid, from which it is precipitated by 
alkalis ; easily soluble, with reddish-yellow colour, in alcohol ; and very slightly 
soluble in ether and volatile oils. (Pelletier, J. Pharm. v. 548. — Pelletier and 
Caventou, Ann. Ch, Phys. [2], xxvi. 64.) 

The strychnine prepared from Nux-vomica, Taba St. Ignatii , and Upas Tieutl obsti- 
nately retains a yellow colouring-matter, which remains in solution when an aqueous 
extract of the upas is precipitated with magnesia, and is obtained as a yellow ^extract. 
On evaporation. This body is coloured bright-red by strong nitric aria ; it dissolves 
easily m water and alcohol, and is not precipitated by neutral acetate of lead* 
(Pelletier and Caventou.) 
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. *T*7CH»OS. A genus of apoeynaceous plants, including several species' which 
yield strychnine and brucine. Strychnos colmrina , a tree growing in the Moluccas, 
yields snake-wood, which contains a large quantity of fatty matter, and, according 
to Pelletier and Caventou, a certain quantity ot strychnine, but less than nux-vomicu ; 
it was formerly used as an antidote to the bites of poisonous serpents. The fruit of 
Str. Nux-vomica yields strychnino and brucine. Str. St. Ignatii yields the beans of 
fit, Ignatius, which contain strychnine with a very small quantity of brucine. Str . 
Tieutl yields Upas-tieut6, the Javan arrow-poison, which also contains strychnine 
With traces of brucine. The bark of Str. Paettdochina , a tree growing in Brasil, and 
Used there as a febrifuge, is said by Vnuquelin not to contain strychnine. 

BTtTDBRZTE. A fahl-ore occurring in the dolomite of Ausserberg, in the Valais. 

. It te laminar to massive, of uneven fracture, black, of specific gravity 4*65. Accor- 
ding to an analysis by Fellenberg (Jahresb. 1865, p. 872), it contains, in 100 parts: 
3. Rb. A«. Bl. Cu. Zn. Fe. Pb^ A a. 

24*^7 15*58 11*49 0*58 38*17 611 276 0 88 0*96 

BYfftBBXfXTVS. A mineral found in the island of Id pari; and analysed by 
A. Sttibel (Jahresb. 1866, p. 892). It is amorphous, botryojdal, kidney-slmpcd, or 
encrusted ; very brittle, of conchoidal fracture, and velvet-black to pitch-black colour. 
Hardness =» 4 to 5. Specific gravity =* 2*223 to 2*263. Contains: 

SiO*. AI^O 3 . Fe^O 1 . Mn*0\ MrO. CuO. Cl. H*0. 

26*99 6*37 10*18 21*89 1*03 15*23 077 15*85 - 98*31 

BTTLOB1TB. Syn. with Gehlenith. 

BTTLOLITBB. Poculiar elongated calcareous formations, occurring in the 
Muschelkalk at Budersdorf, near Berlin. 

STTXOTTTPS. An antimonial fahl-ore from Copiapo in Chile, occurring iu 
.groups of four-sided nearly rectangular prisms, probably belonging to the trimetric 
system. It has an imperfectly conchoidal fracture, iron-black colour, and black 
streak. Hardness *= 3. Specific gravity — 4 70. Contains: 

8. Sb. Cu. Ak. Fe. Pb, Zn. 

24-30 30*53 28*00 8*30 700 trace = 98*13 

agreeing nearly with the formula 3 1 [ . Sb a S f , whidi is of the general form 

3B"S.Sb a S f . 3 

BTTPHlfflC ACID. Syn. with Oxypicric Acid (iv. 317). 

BTTPTBBXTB. Native hydrated sulphate of aluminium. (See Sulphates.) 
BTTPTZCZTS. Native basic ferric sulphate. (See Sulphates.) 

STTBACIV. Styrylic or Cinnylic Cinnamate, C ,8 H ,8 0* = ^* 

(i. 986.) 1 

BT7BACOVB. j Sj 11 * Styrylic Alcohol (p. 447). 

STTUdK. Syn. with Stouax (i. 497). 

BTTBOL Syn. with Cinnamknk, (PH* (i. 982). 

Distyrol , C le H i# , is produced by heating cinnamic acid with aqueous hydrobromie 
acid of specific gravity 1*12, or with a mixture of 1 pt. oil of vitriol and 2 pts. 

2C*H«0* » 2CO* + C ,4 H fi . 

It is an oily hydrocarbon, which forms with bromine the crystalline compound, 
C>#H la Br a . It ia not converted into metastyrol (metacinnamene, i. 982) by continued 
beating to 200°. (Erlenmeyer, Ann. Ch. Pharm. cxxxv. 122.) 

ICTBOBB. Syn. with Styhylio Alcohol. 
smn. Syn. with Cinwtl, C*H*. 

arntTLAMDra. CHON - N Cinnyhmine. (Ramdohr, Zeitachr. 

f. Pharm. 1868, p. 113; Jahresb. 1868, p. 448.) — A base, produced by heating 
styrylic chloride with a solution of ammonia in absolute alcohol in sealed tubes to 
100® (the tubes arc apt to explode at higher temperatures). The resulting hydro- 
chlorate of atyrylamine is purified by recrystallisation from water and pressure between 
paper ; and from the aqueous solution of this salt, the base is separated by potash as a 
.bulky precipitate, which, by solution in ether and spontaneous evaporation, is obtained 
in small colourless crystals, 
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•• Styiylasnis® molts ««ihr t<r» yelloffr oil, which voUtili.es at 100°. Thu THponra, as 
well as the ethereal solution, are alkaline, It has a bitter, caustic, very persistent 
taste, and dissolves readily in ether. The aeneous solution exhibits the following 
reactions: — With the nitrates ef barium, calcium, and magnesium, in neutral solution, 
white precipitates ; with ferric chloride, a brown-red, rather dense precipitate ; with 
zinc-sulphate, white, insoluble in excess of the alkali ; with cupric sulphate and nickel^ 
sulphate, greenish-white, insoluble in excess ; with lead-acetate, , white; with mercuric 
chloride , white, bulky ; with silver-nitrate, no reaction ; with auric chloride, immediate 
yellowish-red precipitate ; with platinic chloride , egg-yellow ; with potassic permanga- 
nate, copious brown precipitate ; with potassio chromate and sulphuric acid, reduction . 
of the chromic acid to chromic oxide ; with potassic sulphocyanate, slight crystalline 
precipitate after some time ; with tannin , an immediate precipitate. , * '* ■* 

Hydrochlorate of Styrylamine , C*II ,, N.HCl l crystallises from water in stellate groups 
of snow-white crystals, belonging to the regular system. The chloropl atin ate, 2C 8 H , *N. 
H*Cl*.Pt ,T Cl 4 , is an egg-yellow precipitate, sparingly soluble in cold, more easily in 
hot water, insoluble in alcohol and ether ; when heated it melts, blackens, gives off 
strong-smelling vapours, and leaves a large quantity of charcoal. 

■TY B TI IO ALCOHOL. C B H ,0 O - An alcohol produced by dis- 

tilling styracin (styrylic cinnamate) with caustic potash or soda; — already partly 
described as Cinnylio Alcohol (i. 992). According to Ramdolir (Zeitscnr. f. 
Phartn. 1868, p. 113; Jalircsb. 1858, p. 446), the distillation should be conducted in 
copper vessels, because glass vessels aro liable to be broken by the percussive ebulli- 
tion, caused by the separation of the alkaline cinnamate produced. The styrylio 
alcohol passes over with the aqueous vapour, and separates on the water, in the course 
of a few days, in fine crystals (or, in warm weather, sometimes as an oil, which may 
remain liquid for a long time). It is somewhat soluble in cold water, less soluble in a 
strong solution of common salt. 

Styiyllc alcohol is converted by oxidation into cinnamic aldehyde, C*II*0, and 
cinnamic acid, C B H*0*. When poured in the fused state on platinum-black , it is con- 
verted, aHer a few days, almost wholly into cinnamic aldehyde (St.reckor). — With 
chromic acid, or a mixture of potassic chromate and sulphuric acid, it becomes hot, and 
yields cinnamic acid, which separates on the surface, and if the liquid be boiled, is 

further converted into benzoic aldfhyde (bitter-almond oil) (Wolff).- Heated with 

strong potash-icy and peroxide of lead, it gives off a large quantity of benzoic aldehyde, 
and the residue contains cinnamic acid ; the peroxide of lead is, at the same time, 
reduced to protoxide, or sometimes even to metal (Wolff). — With potash and carlwnic 
disulphide , it yields a salt analogous to xauthato of potassium (Scharberg). — When 
heated with nitric acid , it dissolves, and is slowly attacked, a large quantity of nitrous 
acid being evolved, benzoic aldehyde distilling over, and benzoic acid remaining 
behind. If the formation of nitrous acid be prevented by addition of urea, a smaller 
quantity of benzoic aldehyde is formed, and the residue contains nitro- cinnamic acid. 
(For the other reactions see the next article.; 

8TYBTLZO ITBIB8. (Ramdohr, toe . cit .) — Styrylio Acetate , 
CFH^CFH^O 9 , is produced by tho action of acetic chloride on the alcohol; it distils 
without decomposition . — Sty ry lie Benzoate, C T H 4 (C*IP)0*, produced in like 
manner is crystalline, but not volatile without decomposition. 

Styrylic Chloride , C # H*C1. — When dry hydrochloric acid gas is passed into 
crystallised styrylic alcohol, the latter becomes liquid, aud separates into two layers ; 
and on heating the product to 100°, washing with dilute soda-ley, and drying with 
calcic chloride, styrylic chloride is obtained as an oil of light wine-yellow colour, 
smelling of cinnamon and anise-oils, remaining liquid at — 19^, and decomposed by 
distillation, even in a vacuum. 

Heated with cyanide of potassium, either in open vessels or to 100° in sealed tubes, 
it yields a reddish oil, which quickly decomposes, with formation of a resinous mass, 
and cannot be purified by distillation. 

Styrylic Cinnamate, C*H ,<! 0 9 — C , H 7 (C*H B )0 9 . — Syn. with Cinnylic Cinna- 
mate or Styracin (i. 986). 

Styryl i c Cy anide , C^H’N =* C*H*.CN, is produced by heating styrylic iodide with 
an alcoholic solution of potassic cyanide to 100° in sealed tubes ; on opening the tubes, 
a strong odour of cyanogen becomes perceptible, and an oily layer separates on cooling. 
Addition of water renders the contents, of the tubes milky, and, on further adding 
common salt, the styrylic cyanide separates as a yellowish oil, easily soluble in ether, 
sparingly in alcohol, insoluble in water. When heated with potash, it gives off 
ammonia, and becomes reeinised, but does not appear to yield an acid homologous to 
cinnamic add. 
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Bif/rylie Oati di, (C*H®) 3 0, ig produced by tb**rtidh of boric anhydride oxr styrylic 
alcohol. WJien the two substances a re triturated togpKjher ,*tfce alcoho( hrsf inelts, and 
Ahe mtsturjOl^iidifles ; and on heating it in sealed tubes to 100°, for fire or sin hours, 
uie format^htt^te styrylic oxide iS-cbmpleted ; the Product may be freed from boric 
acid by,me$hj|6^56da-soiution.; — StyfjdiC pxido is a %ht-yeTlow viscid oil, having an 
odouK ol^inBjimon, heavier than decomposed by distillation. 

*" v ‘" tfy&kylic Oxide, C B H*.C 2 H*.0, ^produced by the action of sodic ethylate on 
l l&iloride, 4fi a liquid heavier ^ian water, insoluble therein, easily soluble in 
land ether, and distilling at £ very high temperature. t< 

^$9foyFytio Sulphide, (C 9 II 9 ) 2 S, obtained by mixing the alcoholic solutions of styiylic 
chloride and phtassic monosulphide, is a yellowish, fetid, non-distillable oil. 

STTBYAINfl. Tho name given by Chiozza to a base, C*H*N, probably formed 
by the action of ammonium -sulphide on metastyrol (i. 983). 

6V8ESAMXC ACID. C^H^NO* « (C B H‘ 2 0 2 )" V ^.—Produced by the diy $s- 

H J 

ti llation of ammenium-suborate. It is fusiblo, soluble in boiling water, hnd deposited 
thorefrora on cooling. On boiling it with barium-carbonate, and treating the filtrate 
with silver-nitrate, a gelatinous precipitate is formed, containing 38 per cent, silver, 
agreeing approximately with the formula C B H H AgNO*, which requires 3807 pur cunt, 
silver. (Gerhardt, Oompt. ehim. 1845, p. 178.)* 

BVBEAAMIDB. C B II ,s N 2 0 2 — N‘-(C 9 II , *0 3 ) ,, II 1 . - White crystalline substance, 
produced by the action of aqueous ammonia on mtethylic suberato, or by passing 
ammoniacal gas into an alcoholic solution of ethylic suberate. (Laurent, J.pr. Chom. 
xxvii. 313.) 

C 8 II 5 .fI 

8UBERAKXZ.IC ACID Phenyl suberamic Acid, C l, H ,2 NO> ** (C 8 11 ,2 0 2 )' 

t H 

(Laurent and Gerhardt, Ann. Ch. Phys. [3] xxiv. 185.) — Produced, together with 
suberanilide, b/ melting suberic acid with an equal volume of dry aniline. When the 
alcoholic liquid from which suberanilide is precipitated by water, is evaporated till 
the alcohol is driven off, a brownish oil separates, which solidifies on cooling. This 
oil is dissolved in boiling ammonia, which loaves a certain quantity of suberanilide, 
and filtered.; from tho filtrato hydrochloric acid precipitates colourless subemnilic 
ucid. . If .during the boiling a slight excess of hydrochloric acid bo added, suberanilic 
acid will separate on cooling, partly crystalline; and partly us a pale-yellowish oil, which 
afterwards solidifies, • 

The acid forms microscopic Iaminne, irregularly notched, melts at 128°, becoming 
crystalline on cooling. It is not soluble in cold, and but slightly soluble in hot water. 
It dissolves readily in ether. The solution in hot water reddens litmus. By dry 
distillation it yields much charcoal, and a thick oil containing aniline, which jWrify 
solidifies on cooling. Fused with potash it yields aniline. 

Suberanilal 4 of Ammonium. — The ucid dissolves easily in hot ammonia, and the salt, 
is deposited in small granular crystals, whose aqueous solution is not' coloured by 
chloride of lime. 

The ammonium-salt precipitates chloride of barium ; the precipitate dissolves readily 
in boiling water, and separates on cooling in woolly flukes. With chloride of calcium 
it gives a white precipitate, soluble in hot water; with bad-salts a white precipitate, 
insoluble in water. It precipitates ferrous salts yellowish- white, cupric salts Light- 
blue, the precipitate being insoluble in water ; with silvi r-nitrate a white precipitate, 
insoluble in water, and turning violet on exposure to light, 

(C-H'WY 'J 

8VB1XAVXLXB1. Phenylsubcramide. C^H^N^O 3 « (C*H*)*- j»N* (Lau- 

H* i 

pent and Gerhardt, loc. <t/.)— When equal measures of dry aniline and fused suberic 
keid are melted together, water is produced. The mixture is kept melted for ten 
uinutes near the boiling heat; and an equal bulk of alcohol is then added, which 

* In hla TntMde Cktmie orgoniqut (II, 73*1), published iu 1834, Gerhardt itntei, however, that filter- 

link acid ha* not jet been obtained. 
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in' boiling alcohol and is etne*. Y- ■*-.-**■ - , , * 

When aabjeetefl lo dry distillation, it leaves a small quantity of charcoal, ana yields 
an oil, which 'solidities tin coming, and crystallises from a hot ..ajfflfelic solution 
in pearly Lamixue, Which however present a different appears ncjg ^Pg t the micro- 
scope, and seem to be eomWfcat rounded^ (bat)? heated with^^fca^ potas- 
sium, it immediately gives off aniline. attacked by ammom%qr hy boUing 

solution of potash. ' T w . ’• ■ 

SUBSR1C ACXS. C 4 H N 0 4 = ^^^lo'-Korl'ea ufe. (Brugn^Wfe 

Croll. Ann. 1787, i. 14.1 — Bouillon Lagrange, Ann. Chim. xxiii. 2;^ PhsfeiulWli^ 
107. — Chevreul, Ann. Chim. lxii. 323; xcvi. 152.— Brand os, Schu^ J. nxiiJWj 
xxxiii. 83; xxarvi, 263; Ann. Ch. Phnrm. ix. 295, — Bussy, J. Pharin. viii. 107 ; xilf.426. 
— B oussingault, J. pr. Chum, vii. 211 . — II a r f f, N. Br. Arch, v. 303. — Laurent, Ann. 
Ch. Phys. [2], lxvi. 167— BromoiB, Ann. Ch. Pharm. xxxv. 89.— Tilley, ibid. .. 
xxxix. 166.— Sacc, ibid. Yu 222. — Wirtz, ibid. civ. 261. — Arppo, Oxidation of Fat S* 
by Nitric Acid, Ann. Ch. Phnrm. exv. 143; cxx. 288 : Jahresb. i860, p. 246; 1861, 
p. 357; 1864, p. 377- — Gm. xiii. 204.) 

This acid, belonging to the oxalic scries, C"H a "— *0 4 (i. 62), was fir.-t obtained by 
the action of nitric acid upon cork (Bru pun tell i): bunco its name (from tho Latin 
suiter). It is also produced, together with several other acids of tho same series, by 
tho oxidising action of nitric acid 011 various fatty bodies — f.g. oleic acid (Laurent), 
stearic acid (Bro me is), castor-oil (Tilley), linse»Ml-oil (Saoc), cocoanut-oil (Wirtz); 
lastly, it is produced by tho action of nitric acid on subemno (p. 460). 

It is most easily prepared by treating commercial stearic or oleic acid, or castor-oil, 
with nitric acid, in the manner descri beet under Lkpakoylic Acid (iii. 571) and Pimklio 
Acid (iv. 616). The resulting acid solution, when duly concentrated, yields a whits 
granular mass, which, when freed from oxalic acid by washing with cold and reeryg- 
tallisation from warm water, und from other more soluble acids by melting the crystals, 
pulverising the fused mass, and treating the powder with water, yields a mixture of 
azelaic (lepurgylic) and suberic acids; and on treating this residue with cold ether, 
the azelaic acid is dissolved, while the suberic acid remains bohind. Further purifica- 
tion may be effected by repeated treatment with wator and ether successively. 

Pure suberic acid crystallises, according to Arppe, in needles an inen long, or 
in tabular crystals (six-sided tables of 120°, apparently belonging to the hckagojnil 
system). It melts at 140°, solidifies in transparent sharp neodlesf and sublimes 
between 150° and 160 J , with partial decomposition, in slender needles half an inch 
long. It dissolves sparingly in cold, easily in boiling water , more easily in alcohol 
than in water, sparingly in tifur; sparingly in cold, easily in warm' oil of turpentine, 
and mixes with fixed oils. * 

Suberic acid, when heated in a test-tube, gives off suffocating vapours, condensing, 
into drops which becofne solid and crystalline. It is decomposed by prolonged boiling 
with nitric acid, forming an oily acid, which has the odour of butyric acid (Saee). 
Distilled with 4 pts. manganic peroxide, 1 pt. oil of vitriol, and 1 pt. water, it yields 
an acid distillate, smelling of formic acid (Brand eg). Distilled with exfcess of lime , it 
-yields suberone (p. 460)/ together with other products. Distilled with excess of baryta , 
it yields at 80° a liquid distillate, from which by rectification a hydrocarbon is obtained, 
having the composition C f H H , and boiling at 76°; C"H M 0 4 ~ 2CO* + 0*H H (Riche, * 
Ann. Ch. Pharm. cxiii. 105). According to R. S. Dale (Chcm. Soc. J. [2] ii. 258), * 
the add distilled with anhydrous or hydrated baryta yields, at a temperature near 
redness, a yellowish oil, from which, by treatment with a mixture of nitric and 
sulphuric acids, and subsequent rectification, a hydrocarbon, C*H M , is obtained, agree- 
ing in properties with hexylic hydride obtained from coal-tar, excepting that the 
somewhat lower Specific gravity (0 6617 at 17'6°) brings it nearer to the ^hexylic 
hydride discovered by Wanklyn and Erlenmeyer (iii. 153). 

Suberic acid fused with aniline yields suberanilide and suberanilic acid (p. 448). 

Sube rates.— Suberic acid is dibasic, the formula of its normal salts being 
CHEAPO* or C*H ,? M"0 4 . The suberates of the alkali-me'als, earth-metals, zinc, ana 
manganese are more or less soluble in water ; and from their solutions, the suberic 
acid is precipitated by stronger acids as a white powder. They are decomposed by 
distillation, yielding* a white sublimate of the acid. 

The aqueous solution of suberic acid docs not precipitate any metallic salt except 
VuuV. (\Q 


It melt. 

crystallises on cooling. « If£|p but slightlysolubie in cold alcohol, but dissolves rShdily * 
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neutral*cet*fc© df lead. Whenfeafcnrated with ammonla^it precipitate Chb solutions 
of bariums ^cium-, and strontium-chlorides only on addition of alcohol,, bat forms 
an- immediate white precipitate in solutions of the neutral salts of silteit, mercury f 
zinc, and tin — bluish-green with cupric sulphate, red-brown with ferric sulphate. 

The Composition and physical characters of the suberates, as determined by Arppc, 
are as follows : 

. 2C 8 H ,f Na*0 l .H*0 warty or dendritic aggregates. 
. C 8 H l *Na0 4 tufts of needles. 

. C®H ,a Ba"0 4 1 

, C*H ls Sr"0 4 ^crystalline precipitates. 

. 2C®H l *Crt"0 4 ,H*0 ) 

. C*H ,; Mg"0 4 .3H 2 0 warty crystalline aggregates. 

# . . . white amorphous powder. 

. C*H ,2 Zn"0 1 fine granular precipitate. 

. C B H ll Mn"0 4 .3IF0 light-red crystalline spangles. 

• C*H l *Mn"0 4 produced on boiling. 

. C*H ,a Ca"0 4 .H 2 0 green precipitate. 

. C 9 H l2 Ag a 0 4 white precipitate. 

. C*H l *Pb"0 4 white precipitate. 

* C i H ,2 Pb"0 4 .2Pb"0 produced on boiling with am- 
monia. 

i. Ethylic Suberatc, C ,2 II 22 0 4 = ^ (C*H*)*^ 

by heating suberic acid with alcohol and sulphuric or hydrochloric acid, or by passing 
hydrochloric acid gas into an alcoholic solution of suberic acid. It is a limpid liquid, 
having a faint odour and nauseous taste. Specific gravity = 1*003 at 15°. Boils 
without decomposition at 230° (Broinei s), at 260° (Laurent). It mixes in all 
proportions with alcohol and ether. It is scarcely attacked by aqueous potash, but 
alcoholic potash quickly decomposes it. With alcoholic ammonia it yields suberaraide 
(p. 448). By chlorine it is slowly converted into clilorethylic suberato, 
C ,2 H*>C1 2 0 4 . (Laurent.) 

Methylia Suterate, C l0 H ,# O 4 « ^(qh*P \ Pre P ftred liko t}lQ ethyl- compound 
which it resombles. Specific gravity = 1*014 at 18°. Forms suberamide with ammo- 
nia. (Laurent.) 

Cellulose from cork. 


Neutral suberatc of sodium 
Acid „ 

Snberate of barium . 

„ strontium . 

„ calcium • 

„< magnesium 

f j aluminium . 

zinc . . 

,, manganese 

*1 u 

'' t* copper 

it silver • 

» lead . 

„ „ (basic) 

8VBIMC STBBBfl. 


BVBBBOHB. Hydride of Suberyl, — When suberic acid is distilled with excess 
of lime, a distillate is obtained, which yields by rectification an aromatic liquid 
boiling at 176°, and probably consisting of suborono, the ketone of suberic acid, 
* C ,4 H* 4 0 9 « (C B H ,, 0*) w (C®H ,a ) — its formation taking place thus : 

2C*H H 0 4 =» 2CO a + 2H 3 0 + C M H- J 0 2 


Its composition has not, however, been ascertained with certainty, and, moreover, it 
diflfbrs from ketones in general in being converted into suberic acid by the action of 
nitric acid. (Boussiugault, Ann. Ch. Pharm. xix. 308. — Tilley, ibid, xxxix. 167.) 

flVBBRTLi C*H |2 0*. — The diatomic radicle of suberic acid, &c. Boussingault 
applied the Bame term to the radicle C 8 H l2 0, which he supposed to exist in the so- 
called suberone, that compound having, according to his analysis, the composition 
C*H ,4 0 » (0*H ,a O)"H a . 

8UB LIMAT B. A body obtained in the solid state by the cooling of its vapour — 
e.g. Bulphur, iodine, sal-ammoniac, mercuric chloride (corrosive sublimate, &c.) 

BV8BVBBZV. The name applied by O’Sh aughuessy (Ann. Ch. Pharm. xv. 
265) to a faintly reddish body, which he obtained from blood-serum by mixing it with 
alcohol, filtering, and heating the turbid filtrate ; but its separate identity is not 
established by any satisfactory evidence. 

BVBITIT U TXOXT. Under the head of Equivalents, frequent allusion has been 
made to the substitution of one element for another. Substitution is, in tact, the great 
agent of chemical change. The instances in which compounds are formed by direct 
union of their elements, ultimate or proximate, or decomposed by direct separation of 
those elements, are comparatively rare; «nd even these may often be regarded as 
particular cases of substitution (see Chemical Affinity, i. 867): thus the formation 
of hydrochloric acid, when chlorine aud hydrogen come in contact, may be supposed to 
take place by an interchange of these elements between a molecule of chlorine and a 
molecule of hydrogen, each consisting of two atoms : 

ClCl + HH * HC1 4 HCL 
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Tha following are the moat important cases of substitution : — 

1. Of Chlorous or Acid Radicles for Hydrogen. — Chlorine and brotai no may, M 
many instances, be introduced into hydrogen-compounds (chiefly organic) by direct sub- 
stitution, 1 atom of hydrogen being remored and entering into combination with 1 at. 
chlorine or bromine, while another atom of the haloid element takes the place of tha 
hydrogen removed. Thus, when chlorine acta upon marsh-gas (mcthylic hydride), the 
products are hydrochloric acid and mcthylic chloride : 

* CH 4 + Cl* ~ HC1 + CIPCl; 

and by the continued action of the chlorine, the latter compound may bo .converted, 
successively, into CII*C1* and CHC1*, the last being the compound usually called chlo- 
roform. In like manner, acetic acid treated with chlorine in sunshine, in different pro- 
portions, yields mono- and tri-chloracetic acid : 

C 3 H 4 0* + Cl* « HC1 + C 2 II»C10*. 

C*H 4 0* + 3C1* - 31101 + C 2 JIC1»0*. 

Iodine does not act on liydrogon-compouuds so easily as chlorine and bromine ; but 
when it is presented in the form of chloride or bromide of inline, an action takes place 
exactly similar to that just described, anatom of hydrogen being removed by the chlo- 
rine or bromine, and its place supplied by an atom of iodine : c.g. — 

CHPO* + C1I - HC1 + 011*10* 

Pjrromeironic Iodorn-rome- 

add. route acid 

In some cases an organic compound first unites directly with 2 at. chlorine or 
bromine, and the product, when treated with alcoholic potash, splits up into hydro- 
chloric or hydrobromic acid (which is removed by the alkali), and ti eliloro- or bromo- 
substitution-product : thus ethylene takes up 2 at. chlorine, forming the compound, 
C*H 4 C1* (Dutch liquid), which is resolved by alcoholic potash into HCl and monochlor- 
cthylene, C*H 3 C1. This in like manner takes up 2 at. Cl, forming C 3 H :, ( '!*, ivKulvithlo 
into HCl and dichlorcthylenr, (VH 2 01*; and by u rcpoliliou of these processeK, tlm 
compounds CTICl* and <j*Cl‘ are obtained (ii. 673). The chloro- and bromo-napht.ha- 
lenes are prepared. from naphthnlcno by a similar series of processes (iv. 10). 

Oxygen may be substituted for hydrogen (O" for >1* or IIO for H), by exposing 
organic compounds to the action of oxidising agents, a familiar example of which is the 
conversion of alcohol, C 5 H“0, into acetic acid. 

Nilro-suhstitution , or the substitution of nitryl, NO* for hydrogen, is effected by 
subjecting organic compounds to the action of fuming nitric acid, or of a mixture of 
strong nitric and sulphuric acids, as in 1 lie conversion of cellulose into pyroxylin. 

Allied to this is the substitution of nitrogen for hydrogen (N for II*), by the 
action of nitrous acid on certain organic compounds, as in the formation of the diuzo- 
compounds discovered by Griess(iv. 202, 4B0 ) : thus aniline, CIPN, is converted by 
the action of nitrous acid into diazobenzene, C 4 II I N* : 

C-IPN + NHO* - OIPN* + 2H*0. 

2. Of Hydrogen and other Basylous Radices for Chlorous Radicles. — This reaction, 
sometimes called inverse substitution, is effected by the action of reducing agents. 
Chlorinated acids arc easily reduced to the primary acids from which they are derived 
by the action of sodium-amalgam; the first transformation of the kind that was effected 
was that of trichloracetic into acetic acid. The conversion of nitro-com pounds into 
amidogen-compounds (substitution of Nil* for NO*), by the action of sulphydric acid 
or ferrous acetate, also comes under this head. The well-known preparation of 
amidobenzeno (aniline), C*H*(NH a ), from nitrobenzene, C*H\NO*), may bo taken as 
on example. 

An important class of reactions belonging to this head is the substitution of alcohol- 
radicles for chlorine, oxygen, &c. by the action of the zinc-compounds of the alcohol- 
radicles : e. g., the preparation of triethylphosphine, P(C*H*)*, by the action of zinc- 
ethyl on trichloride of phosphorus : " 

3Zn'(C*H*)* + 2PC1* - 3ZnCl* + 2P^mi»)* 

Another example of this kind of action is the formation of dicth oxalic acid and its 
homoloeuee, by the action of zinc-ethyl, &c. on the oxalic ethers (iv. 272). 

3. Of Basylous or of Chlorous Radicles , one for the other. — To this head belong the 
innumerable instances of the mutual decomposition of salts, and of double decomposi- 
tion in general (Chemical Affixitt, i. 865); also, on the one hand, the precipitation 
of metals from their solutions, one by the other (as of copper by iron, lead by zinc, &c.), 
the decomposition of acids by metals, with evolution of hydrogen ; and, on the other, 
the decomposition of bromides and iodides by chlorine, anu of iodides by bromine the 

Q Q 2 
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eonveision of sulphides into oxides by direct oxidation, &c. Many of thesO reac- 
tions appear to consist in a simple substitution of one element for another, which is 
eliminated without entering into any new combination. But, on closer examination, 
they are found to be, at least in some casos, analogous to the chlorine-substitutions 
already considered. In the oxidation of sulphides, for example, a considerable por- 
tion, if not all, of the sulphur eliminated is oxidised to sulphurous anhydride ; in the 
decomposition of bromides and iodides by chlorine, f he latter, if in excess, unites with 
the eliminated bromine or iodine; and even in the precipitation of one metal by 
another, alloys arc frequently formed, as in the precipitation of silver by mercury. 

An important class of reactions belonging to this place is the substitution of alcohol- 
radicles for hydrogen and metals, as in the several processes of etherification by the 
action of acids on alcohols, of alcoholic chlorides, iodides, &c., on alcohols, and on the 
silver-salts of acids (see Etheiis, ii. 511, 512). The formation of amines, or, in other 
words, the replacement of the hydrogen in ammonia by alcohol-radicles, may bo 
effected directly, as when an alcoholic iodide is heated with ammonia in sealed tubes 
(ii. 66 4, iii. 094) ; or by indirect methods, as by distilling cyanic or cyanuric ethers 
with caustic alkali. 

Most of tho methods of producing organ o -metallic bodies, consist in acting on alloys 
• of potassium or sodium with tho alcoholic iodidos, bromides, &c. : e.g . — 

2(CIP)I + Na*Hg" - (CHyiJg" + 2NaI ; 

JMcthylic Mm-urJe 

Iodide. mothide. 

or by acting on a metallic chloride with tho zinc-compound of an alcohol-radicle : e.g. — 
Zn”(C*Iiy + Hg"Cl* « Hg w (G a II 4 ) 2 + Zn"CL* 

Subslitution-dorivatives often exhibit a marked resemblance to their primitives in 
physical and chemical characters. That this should bo the case in bodies formed from 
one another by the interchange of similar dements or radicles — such as hydrogen and 
the metals on the one hand, or chlorine, bromine, and iodino on the other — is nothing 
more than might have been anticipated on any view of the constitution of chemical 
compounds ; but that a radicle of decidedly acid or chlorous character, like chlorine, 
bromine, or iodine, should be capable of replacing hydrogen atom for atom, and dis- 
charging functions similar to that of tho hydrogen in the primary compound, is tho 
doctrine of a comparatively recent date, and is, in fact, diametrically opposed to the 
older views of tho constitution of compounds, founded on the electrical relations of 
their elements. The resemblance of such derivatives to their primitives is, however, 
strikingly exhibited in numerous instances. Take, for example, acetic and trichlor- 
acetic acid. These two acids are both crystallisable, deliquescent, soluble in water and 
alcohol, have the same capacity for saturation, yield analogous salts and ethers, &c. 
Dilute trichloracetic acid treated with amalgam of sodium, is reconverted into normal 
acetic acid ; and the two acids, when heated with caustic alkali, are decomposed ac- 
cording to similar equations, yielding tho two analogous bodies, marsh-gas and chloro- 
form, thus : 

Acetic acid . . . C*H‘0* « CO 3 + CH 4 Marsh-gas. 

Trichloracetic acid . OHCl’O* - CO* + CIIC1 1 Chloroform. 

Similar resemblances may bo traced between iso. tin and its derivatives (iii. 406). Thus 
isatin and chlorisatin are both of an orungc-red colour, are isomorphous, partly 
volatile, slightly soluble in water, more soluble in alcohol and ether ; form yellow solu- 
tions; and react with hydrate of potassium, by exchanging an atom of hydrogen for one 
of potassium, to form analogous salts, each of which speedily absorbs an atom of water 
into its constitution, to form the isatinate and chlorisatinate of potassium respectively. 
Moreover the two bodies, when acted upon by sulphydrato of ammonium, ammonia, and 
alkaline bisulphites, yield hostBof analogous compounds, and undergo hosts of analogous 
reactions. Isatin, chlorisatin, and dichlori satin treated with hydrate of potASsium, 
yield respectively tho bodies, aniline, C*H 7 K, chl6raniline, C*H*C1N, dichloraniline, 
C*H*C1*N, each of which, despite the constituent chlorine, has alkaline characters 
analogous to those of ammonia, and can unite directly with acids to form salts. 

The chlorinated derivatives of the natural alkaloids also resemble the primary alka- 
loids in many important respects. Thusd ichlor ocinchonine, C^H^CWW, formed 
from cinchonine by the direct action of chlorine, resembles the normal base, not only in 
alkalinity, solubility, crystalline form, &c., but likewise in turning the plane of polari- 
sation of a luminous ray to the left. Chlorosfcrychnine also, C^H^CINH)*, 
obtained from strychnine or its salts by direct substitution of chlorine, produces poiso- 
nous effects, undistinguish able from those of the natural alkaloid. 

From the observation of such resemblances, Dumas and Laurent were lad to conclude 
that elements, even of opposite chemical diameter, may in many instances replace one 
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•another, with bat little alteration in the character of the products, and that the proper- 
ties of a compound are determined by the arrangement and relative position or its 
atoms more than by their individual character. That this is the case to a considerable 
extent, is evident from the instances just cited ; nevertheless, the question* is altogether 
one of degree. Substitution is always attended with some alteration of properties in 
the conuiound, and the alteration goes on increasing with the amount of the substitu- 
tion. Ihus in volatile compounds, such as ethylene, C a H\ and its chlorinated deriva- 
tives, C*HCP, C a H , Cl # l C'lICl*, and (PCI 4 , the vapour-density increase*, ami the boiling- 
point rises with each successive replacement of II by Cl. Again, in the chlorauilinea 
(iv. 438), the first substitulion-pruauct, C a H*ClN, is somewhat less basic than aniline 
itself; while dichlornniline, C 6 H*C1*N, is still less basic, and in trichloraniline, C e IFCl*N, 
the basic character has altogether disappeared. 

The substitution of alcohol-radicles, such as pthyl and methyl, for the hydrogen of 
ammonia, gives rise to amines, which are basic like ammonia itself; but in tho amides 
derived from ammonia by substitution of acid-radicles (benzoyl, acetyl, &e.) for 
hydrogen, the basic character gives place for tho most part to an acid character, tho 
amide, if it still retains replaceable hydrogen, exhibiting a tendency to exchange it 
for a metal. (For the further consideration of this subject, see Types.) 

BUCCX1TAMXC ACID, BVCCIVAMIDB, SUCCXVAVX1, 8VCCZNA- 
STXliXC ACID, StrcCXNAZriLIDB. See Succinic Acid, Amidks of. 

SDCCINASPHALTa A resinous substance resembling amber, and apparently 
related to retinite, obtained from the granular clay iron-ore of Bergen in Bavaria. 
(Wagner, llandw . . d. CKevi., viii. 414.) 

ByeexxrBVYXOXrs. A name applied by Eisner to a very light oil, obtained by 
rectifying oil of amber with sulphuric acid. 

■VCCXNXC ACX3>. C'lI'O' - (C'H'O 2 )' j Q , Volatile Salt of Amber. Bern- 

ntnnsiinre. (Berzeli us, Ann. Chini. xciv. ] 87* — Lecanu and Serbat, J. Fharm. 
viii. 541; ix. 89. — Liebig and Wohler, Pogg. Ann. xviii. 1C2. — l)‘Arcet, ibid, 
xxxvi. 80. — I)o pping, Ann. Ch. Tharm. xlvii. 253. — Fohling, ibid, xlix. 154. — 
Piria, ibid, lxviii. 343. — Dossaignes, ibid. lxx. 102. — Pas tear, ibid. cv. 204. — ■ 
Maxwell Simpson, ibid, cxviii. 373. — Gm. x. 108. — Gerh., ii. 454. — Kekul£, 
Lchrb. ii. 23.) 

This acid, tho third of the series of dibasic acids, homologous with oxalic 

acid, was mentioned os volatile salt of a tuber by Agricola, as early as 1857 ; its acid 
nature was recognised by Barchhusen, Boulduc, and Boerhaavo ; but the first exact 
investigations of it were made by Berzelius and by If A rent. 

Succinic acid occurs ready-formed in amber, and in certain lignites, as in those of 
Muskau, Naumberg, and Altenburg. It bus also been found in the turpent ine of several 
species of pine, and in certain plants — viz., in the herb of Jjactwa virosa, Artemisia 
Absinthium, &c. According to Walz (N. Jahrb. f. Pharm. xv. 22), tho cholidoninic 
acid found by Zwenger in tho mother-liquor of the preparation of chclidonic acid from 
Chiiidonium tnajus (i. 850), is nothing but succinic acid. It is also occasionally found 
in the animal organism — e.g., in the thy mold gland of *he calf, tho spleen of the ox, 
(Gorup-Bcaanez), and in certain pathological exudations (IlVints). According to 
G. Meissner and F.^ Jolly (Jahresb. 1805, p. 075), it oceurs in the urine of dogs fed 
on flesh and fat, and in that of rabbits fed on carrots. 

Formation. — 1. Succinic acid is a frequent product of tho oxidation of organic sub- 
stances, especially of fats. All the fatty acids of the series, OII*"O a , from butyric 
acid upwards, when oxidised with nitric acid, yield succinic acid, together with other 
acids of the same series (p. 449). Its formation from butyric acid is represented by 
the equation : 

CWO* + 0* - H*0 + C‘IF0 4 . 

According to Pasteur (Bull. Soc. Chim. 1852, p. 52), it is always formed during the 
conversion of alcohol into acetic acid under the influence of Mycoderma aceti, especially 
when the plant grows on the surface of the alcoholic liquid containing phosphates. 

2. By the action of reducing agents on maleic acid or its isomer, fumaric acid, which 
contains 2 at hydrogen less, or on malic and tartaric acids, which contain respectively 
1 and 2 at. oxygen more than succinic acid. 

a. By the action of sodium-amalgam on maleic or fumaric acid: 

C»H 4 0 4 + Na*Hg — Hg + C 4 U 4 Na*0 4 . 

Muirtc Succinate 

arid. of sodium. 

Chloromaleic acid, C 4 H*C10 4 (iii. 788). is also converted into succinic acid by the action 
of sodium-amalgam : 
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0. From malic or tartaric acid by tbe action of hydriodic acid (R. Schmitt, Aim. 
Ch. Pharm. cxiv. 106), or of iodide of phosphorus (Dessaignes, ibid. cxr. 120; cxrii. 
134); 

C 4 H*0* + 2HI - WO + I* + C'H*0 4 . 

Malic Succinic 

acid. acid. 

CW + 4HI - 2H*0 + 2I 2 + C 4 H 4 0 4 . 

Tartaric Succinic 

acid. acid. 

3. In many processes of fermentation, e. g t> of asparagin (Pirin), malic, maleic, 
fumarlc, and aconitic acids (Dessaignes), and of sugar, whence it is constantly 
present-, to a small amount, in wine and beer (Pasteur). Its formation from malic, 
maleic, or fumaric acid is probably a simple process of reduction. Its formation from 
asparagin may bo represented by the equation : 

C01W + 3H 2 0 - O 2 « 2NH a + CTO 

4. By heating cyanide of ethylene to 100° with alcoholic potash (Maxwell 
Simpson, Ann. Ch. Pharm. cxviii. 373) : 

C*IU(GN) B + 2KHO + 2H*0 => 2NH> + GWK'O*. 

This reaction is precisely analogous to that by which the monobasic acids of the series, 
OHM) 2 , are formed from the cyanides of monatomic alcohols (ii. 202). Cyanide of 
ethylene is also converted into succinic acid by heating with nitric or hydrochloric acid. 
(Simpson, ibid. 153.) 

Preparation: 1. From Amber . — This substance, subjected to dry distillation, yields 
succinic acid and a volatile oil, together with water and a small quantity of a resinous 
substance r»:i led Colvphonium euccmi. On heating the watery distillate to the boiling- 
point, and filtering hot, a large quantity of oil remains behind ; and the solution, on 
cooling, yields crystallised succinic acid, contaminated however with a considerable 

? U{intity of einpyreumatic oil, from which it may be freed for the most part, but not per- 
1 ‘etly, by repeated crystallisation. Complete purification is, however, easily effected 
by treating the crude succinic acid with nitric acid. 

2. By fermentation of Malic Acid . — This is the most advantageous mode of preparing 
succinic acid, the crude, malato of calcium, obtained by neutralising the juice of moun- 
tain-ash berries with chalk or slaked lime, being generally used for the purpose. A 
mixture of 1 pt. of this salt with 6 pts. water and J pt. yeast, or 3 pts. water and 
^ pt. decayed cheese, is placed in an earthen jar, and left for four to six days at a 
temperature of 30° to 40°, till the evolution of gas has ceased. The granular precipi- 
tate is then collected upon linen, washed several times with water, and mixed with 
dilute sulphuric acid till it no longer offorvoscos (from admixed calcic carbonato); 
another equal quantity of sulphuric acid is then added ; the mixture boiled for awhile, 
till the calcium-salt is no longer granular ; the liquid strained through linen ; the pre- 
cipitate on the filtor thoroughly washed ; the whole of the liquid evaporated till a 
crystalline crust forms on the surface ; oil of vitriol then added in small quantities, as 
long as gypsum is thereby precipitated ; the liquid strained off (after dilution with 
water, if the gypsum forms a paste); the precipitate washed; and the whole of tho 
liquid again evaporated: it then yields, on cooling, brownish crystals of succinic acid, 
still contaminated with gypsum. These crystals are purified by reerystallisation 
from water, sometimes with addition of animal charcoal, and ultimately freed from 
gypsum by solution in alcohol or by sublimation. By this process, 12 pts. of calcic 
malato yield from 3*75 to 4 pts. of pure crystallised succinic acid : the mother-liquors 
do not retain a trace of malic acid. Three pounds of calcic malate thus treated yield 
about one pound of pure succinic acid. (Liebig.) 

The formation of succinic acid in this process is accompanied by that of acetic acid 
and carbonic anhydride t hence the reaction is commonly represented by the equation : 
30^0* - 2C«H 8 0 4 + C 2 H 4 0* + 2 CO* + H z O. 

M life Succinic Acetic 

acid. acid. acid. 

Probably two reactions go on simultaneously, one part of the malic acid being con- 
verted by fermentation into acetic acid, and this fermentation causing the reduction of 
another portion into succinic acid (Kek u 16). See Majlatm of Caxotum (iii. 702). 

Properties . — Succinic acid crystallises in prisms belonging to the monoclinic system, 
generally iu rhombic or hexagonal plates, the face ooPoo replacing the acute edge of 
the vertical prism ooP. The crystals are permanent in the air, have an acid taste, but 
no smell. Succinic acid is much more soluble in hot than in cold water — viz., in 5 pts. 
Water at 16°, and 2*2 pts. at 100° (Lecanu and Serbat). It is less soluble in alco- 
hol, and nearly insoluble in ether. It melts at 180°, but begins to emit suffocating 
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vapours even “below its melting-point. It boils at 235°, being resolved into water and 
succinic anhydride. 

Decompositions. — 1. Succinic acid offers great resistance to the action of oxidising 
agents, not being affected by nitric acid, chromic acid, chlorine-water, or a mixture of 
hydrochloric acid and potassic chlorate. When evaporated to dryness with manganic 
peroxide and sulphuric acid, it yields acetic add (Trom ms dor ff).~ 2. An aqueous 
solution of sodie succinate is decomposed by the tlectric current, giving off at the 
positive pole a mixture of carbonic anhydride and methylic oxide (Kolbe, Ann. Ch. 
Pharm. cxiii. 244) : 

C 4 H # 0 4 + IPO =» (CIP)*0 + 2CO* + H*. 

3. When fused with potassic hydrate , it yields carbonate and oxalate, together with a 
gaseous hydrocarbon (Lie big'aml Wohler).— 4. It is not attacked by strong sul- 
phuric acid (IPSO 1 ) even when heated, but sulphuric anhydride converts it into suecino- 
Milphuric acid. — 6. Heated with h routine, it forms substitution-products. — 6. Ily 
dehydrating substances, such ns phosphoric anhydride and phosphoric pentachloride, it is 
converted into succinic anhydrido; in the hitter case with formation of hydrochloric 
acid and phosphoric oxychloride. 

Succinates. Succinic acid is dibasic, the general formula of its salts being as 
follows : 

Neutral Succinates CMPTVPO 4 and C 4 1T 4 M"0 4 

Acid », C‘H*M0 4 and C*H ,0 M"O». 

- C 4 H 4 M"0 4 .C 4 II®0\ 

There are also a few double succinates, several basic lead-salts, and a hyperacid potas- 
sium-salt. ^ t , 

Most succinates resist a temperature of 200° without decomposition. When distilled 
with acid phosphate or sulphate of sodium, they yield a sublimate of succinic anhy- 
dride. 

The succinates of the alkali -met a Is and of magnesium are easily soluble in water ; 
those of the alkaline earth -metals, and most other diatomic metals, are sparingly 
soluble; those of sesqui -atomic metals nro insoluble. 

Succinic acid and soluble succinates form, with ferric salts, a red-brown precipitate 
resembling that formed by benzoic acid, but much more compact: hence succinate of 
ammonium is a more convenient reagent for the precipitation of ferric salts than the 
benzoate. With acetate of lead, succinic acid forms a precipitate of succinate of lead, 
soluble in cxpokh of either reagent. With chloride of hart am, t.ho acid by itself gives 
no precipitate ; but on addition of ammonia and alcohol, a white precipitate is formed ! 
benzoic acid does not exhibit this reaction. Succinic acid is further distinguished 
from benzoic add by not boing precipitated from its Holublo salts by a mi no ml 
acid. 

Succinate of Ammonium. — The neutral salt , C‘rP(NH 4 )*0 4 , is obtained by 
supersaturating succinic acid with amnionic, and leaving tho solution to evaporate over 
quicklime; it is also formed, according to Piriu, in the putrefaction of tisparngin. It 
crystallises in hexagonal prisms, very soluble in water and in alcohol. Gives off 
ammonia when exposed to the air, and is resolved by heat- into ammonia, Water, and 
suecinamide. Specific gravily ■» 1*307 (Bodeker, Jahresb, I860, p. 17). — Tho acid 
salt, C‘H ft (NH 4 )0\ is produced when the solution of the preceding salt is evaporated 
by heat. It crystallises easily, is very soluble in water and alcohol, has an acid re- 
action, and is decomposed by heat, like the neutral salt. The crystals are triclinic, 
usually exhibiting the combination : oP . T,oo . . oefoo . o&Poo . ooP/. Anglo 

oP: ooPoo = 91° 53'; oP : oefoo » 93° 26'; oP : ooP* - 91° 45'; oP : Too » 
161° 57'; oP iJP'oo - 151° 7'; oePoo : oof *» 100° 15'; ooPoo : T,oo «■ 
119° 63'; oof oo : PSao — 117°; o>foo ; odF # « 136° 4ff. (Brooke, Ann. Phil, 
xxii. 286.) 

Succinate of Barium, C*H 4 Ba"0 4 (at 200°).— White crystalline precipitate, 
slightly soluble, in water, moderately soluble in dilute nitric, hyarochloric, and acetic 
acid, insoluble in ammonia and in alcohol. With chloride of acetyl it yields a mix- 
ture of acetic and succinic anhydrides. (Heintz, Jahresb, 1859, p. 279.) 

Succinate of Cadmium crystallises in concentric groups of prisms, very soluble 
in water. According to .John, it appears to be resolved by alcohol into two other 
salts. . . 

Succinates of Calcium.— The neutral salt in gradually deposited, on mixing cold 
concentrated solutions of calcic chloride and sodic succinate, in small needles, contain- 
ing 0 4 H 4 Ca"O 4 .3H*O. If the solutions are mixed hot, a crystalline precipitate fs 
immedia tely formed, composed of C 4 H 4 Ca"0 4 .H*0. Both precipitates are sparingly 
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soluble in water and acetic acid, insoluble in alcohol. When heated, it giveSoff a volatile 
oil, called succi n one, still containing oxygen, but having a composition not yet ascer- 
tained with certainty (D’Arcet). — The acid soft, C , H w Ca‘ f O* l or C 4 H 4 Ca*'0 4 .C l H i 0 4 f 
obtained by treating the neutral salt with excess of acid, is likewise crystallisable, and 
slightly soluble in water. Alcohol renders the crystals opaque, and converts them into 
the neutral salt. They are also decomposed by heating to 150°. 

Chromous Succinate , CH^Cr'C) MPO, is a scarlet precipitate, formed on adding 
succinate of sodium to chromous chloride. — Chromic succinate is not known. 

Succinate of Cohalt. — Poach *blogsom -coloured, slightly soluble precipitate. 
According 1 to Hand 1 (Wien. Akad. Bor. xxxii. 254), it forms monoolinic prismatic 
crystals: ooP . ceP-a . [ ooPao ] . oP. Angle aoP : ooP (clinod.) = 113 c ’36 / , 
ooPm : nl'n (clinod.) = 136° 3ff; oP : »P - 115°, nearly. 

Succinate of Copper , CTPCirO 1 (at 200°), is obtained on adding recontly preci- 
pitated cupric carbonate to a boiling aqueous solution of succinic acid, as a bluish-green 
crystalline powder, slightly soluble in water- and succinic acid, less soluble in acetic 
acid, insoluble in alcohol and ether. 

Succinates of Iron. — a. Ferric salts. Alkaline succinates form with ferric salts a 
red-brown or cinnamon-coloured precipitate, consisting of a basic ferric succinate. The 
addition of sodic acetate before precipitation renders the precipitate more compact. It 
dissolves in acetic, succinic, and mineral acids. Ammonia appears to convert it into a 
still moro basic salt. — 0. Ferrous succinate is a greyish-green precipitate, which 
oxidises in the air, is slightly soluble in water, easily soluble in succinic acid, partially 
soluble also in ammonia and ammoniacaL saltB. 

Succinates of Lead. — The neutral salt, C 4 JI 1 Pb J '0' (at 100°), is obtained by pre- 
cipitating neutral acetate of load with neutral sodic succinate, or a hot solution of 
succinic acid with basic acetate of lead. It is a white powder, which becomes 
crystalline if precipitated from hot solutions. It is slightly soluble in water, easily 
soluble in dilute nitric acid and in potash. Specific gravity = 3*800 (Bodoker).-- 
A basic salt , 2C 4 Il‘Pb"0 < .Pb"0, is obtained on mixing succinate of sodium with basic 
acetate of lead, as a glutinous precipitate, which sticks to the sides of tlio vessel while 
warm, andbecomos brittle on cooling. Another basic salt, C , H 4 Pb'0 < .2Pb"0 (at 200°), 
is produced by treating the neutral salt with excess of ammonia. It is a white powder, 
insoluble in water, easily soluble in potash, and in dilute nitric acid. 

Succinates of Magnesium . — The neutral salt, C‘II 4 Mg"0 , .GH !! 0, forms pris- 
matic crystals, which give off all their water at 130°. It is very soluble in water, 
insoluble in alcohol. The aqueous solution appears to yield, by concentration, crystals 
containing a smaller proportion of water (Fabling). — A basic salt , 2C‘H 4 Mg'0 4 . 
4Mg M ().H 2 0 (at 1 00° ?), is obtained as a wh ite pulverulent procipitate, on adding ammonia 
to a solution of the neutral salt. — Magnesio-potassic succinate,. C 8 II 8 Mg"K“0 8 .f>II 2 O, 
crystallises in fine double six-sided pyramids, very soluble in water, permanent in the 
air, and neutral to test-paper. 

Succinate of Manganese, C l H , Mn"0 4 .4TI 2 0.— Rhomboidal prisms or quadran- 
gular tables (triclinic, according to Ilandl), transparent, amethyst-coloured, neutral, 
permnnont in the air, giving off their water at 100°. 

Succinates of Mercury. — a. Mercuric salts. Mercuric acetate gives a white 
precipitate with sodic succinate. A mixture of sodic succinate mid mercuric chloride 
yields, by evaporation, slender needles, apparently consisting of a double salt. 
Recently precipitated mercuric oxide, boiled with aqueous succinic acid, is partly con- 
verted into a white powder, which appears to be a basic succinate. — 0. Mercurous salt. 
Alkaline succinates form, with mercurous nitrate, a white precipitate of mercurous 
succinate, mixed with mercurous nitrate. 

. Succinate of Nickel, (TIPNrObiH’O. — The solution of nickel-hydrate in hot 
aqueous succinic acid deposits this salt, by evaporation over oil of vitriol, in green 
nodules, soluble in water, acetic acid, and ammonia, insoluble in alcohol. It gives off 
its water at 130°. 

Succinates of Potassium.— - The neutral salt , CWK^O'^IPO. forms confused 
deliquescent crystals, soluble in alcohol, insoluble in ether, giving off their water at 
100°.-— The acid salty C 4 H a KOV2H*0, crystallises readily in transparent regular six- 
sided prisms, which effloresce slightly in contact with the air. It is vay soluble in 
water, reddens litmus, gives off its water of crystallisation at 100°. — A hyperacid salt, 
2(C 4 H 4 K0 4 .C 4 H*0*).3H 2 0 (?), obtained by neutralising a hot solution of 1 ft. succinic 
acid with carbonate of potassium, and then adding 3 pts. more succinic acid, crystal- 
lises on cooling, sometimes without water, sometimes with 9 65 per cent- water of 
crystallisation. (Fehling.) 

Succinates of Silver. — Argentic salt, C'H ; Ag a 0 4 . Succinate of sodium precipi- 
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tatea nitrate, but not Bulphate of silver. The precipitate is white, non-crystalline, of 
specific gravity 3*518 (Bode ker), very slightly soluble in water, and in acetic acid, 
very soluble in dilute nitric acid, and in ammonia. It becomes coloured at 160°. 
Chlorine decomposes it immediately. When heated to 100° in a current of hydrogen, 
it assumes a lemon-yellow colour, and yields a sublimate of succinic acid. The residue 
consists of argentous succinate. 

Succin atesof Sodiu m . — The neu tral salty CMIPNVO '.fiH'-’O, crystallises in prisms 
with rhombic base, very soluble in water and in alcohol, neutral to test-paper, giving 
off their water at 100°. — The acid salt, C 4 H 4 Na0'.3H-0, usually crystallises in 
flattened prisms, having an acid reaction, slightly efflorescent, and giving off nil their 
water at 100°. They belong to the triclinic system, generally exhibiting the combi- 
nation: oP . cxP , ooP . oof oo . m I 5 oo . Angle oP : ooP « 128°; oP : 7 «foo « 
169° 55'; oP : oof oo « 140° 60 ; » P : oofoo - 117° 6'; oo f : m l y n - 115° 8'; 

oof oo : mfn =» 108° 7'. More rarely small, confused, non-cfflorosivnt crystals aro 
obtained, containing only 2 at. water. When mlissolvcd in water, they yield the salt 
with 3 at. water. 

It has not been found possible to prepare double succinates of sodium and ammo- 
nium, or of sodium and potassium. 

Succinate of Strontium, C 4 H 4 Sr"0 4 (at 200°). — Precipitated hs a white powder, 
slightly soluble in water, whence it is deposited in the crystalline state on evapora- 
tion. According to Handl ( Wien. Aknd. Ber. xxxii. 264), it crystallises in mono- 
clinic prisms, ooP , ooPoo . [ <xP*> ] . op. Anglo ocP : ooP (clinod.) « 30° 12'; 
oP : ooPoo = 158° (nearly). The crystals aro always twins, with copoo as combina- 
tion*face. The salt dissolves in acetic and in succinic ueid, the latter solution yielding 
it in the crystalline state when evajHjmted. 

Su cciu ate s of Uranium . — The neutral salt, C l ll < (U’ , O s j"0 , .If ! O l is obtained ill 
flic crystalline state by evu pirating to dryness a solution of 4 pts. crystallised uranic 
nitrate and 1 pt. succinic acid, and washing tlio residue with a small quantity of 
water; also by mixing a solution of uranic nitrate with acid succinate of sodium, and 
evaporating. It is a light-yellow salt, very slightly soluble in water, insolublo in 
alcohol, not giving off its water till heated to between 230° uud 240°. Boiling water 

extracts succinic acid from it. — Yvta&tut-uranic succinate, C ,s II l, ( l’ :f 0 , ) 2 K , 0 l, .II 2 0, is 
obtained by evaporating a solution of uranic nitrate mixed with excess of neutral 
potassic succinate : it is then deposited as a light -yellow precipitate, which may bo 
purified by washing with alcohol. It may also bo prepared by precipitating uranic 
nitrate with caustic potash, and digesting the washed precipitate with excess of suc- 
cinic acid, till it contracts and assumes a light-yellow colour, then evaporating to 
dryness, and washing with hot alcohol. It is insoluble in water, but is decomposed 
by continued washing into succinate of potassium, and insoluble basic uranic suc- 
cinate. It gives off its water at 220°. —Sadi', uranic succinate , C ,2 H ,a v U' <! 0 1 )*Na*0 18 , 
IPO, is obtained like the potassium -salt. 

Succinate of Yttrium, 2C*H 4 Y"0 4 .3H O, is procipifated by succinate of am- 
monium from acetate of yttrium at the boiling heat (not in the cold), as a lamino- 
crystalline powder, sparingly soluble, in hot and in cold water, insoluble in sal- 
ammoniac, easily soluble in dilute acids; gives off its water at 100°. (Popp, Ann. 
Ch. Pharm. cxxxi. 179.) 

Succinate of Zinc , C 4 II , Zn''0 4 (at 200°).— White, anhydrous, crystalline powder, 
very slightly soluble in water and in succinic acid; easily soluble in mineral Acids, 
acetic acid, ammonia, and potash ; insoluble in alcohol. Succinute of sodium does not 
precipitate chloride of zinc. 

Succinates op Obganic Basks . — Acid Succinate of Cinchonine, C*H 4 N J 0.C 4 H*0 4 , 
crystallises in long oblique-angled needles, containing £ at. water, or in large thick 
crystals containing 1 at. water. Both are easily soluble in water, and melt at 110° 
(Hesse, Ann. Ch. Pharm. exxii. 225.— Succinate of Cinchonuhne. 2C"H*‘N*0.C 4 H«0 4 . 
6H*O t crystallises in long asbestiform prisms, which dbsolve in 252 pt*. water at 10°; 
the anhydrous Balt crystallises in white nodules (Hesse, Hid. cxxxv. 342 ). — Succinate 
of Quinine, 2C ai B ?4 N*0 it .0 4 H B 0 , ,H*0, crystallises from alcohol or from water in long 
white prisms, soluble in 910 pts. water at 10°, easily soluble in hot water and in 
alcohoL (Hesse, ibid, cxxxv. 331.) 

Succinate of Urea , 2CH 4 N’0.C 4 H # 0 4 , crystallises in monoclinic six-sided prisms, 
ooPoo . oP . ooP . oo P2 . + Poo . + P2, Ratio of axes, a : b : c ** 1 : 1*483 : 1*3640, 
Angle of axes 6, e « 83° 28' ; ooPoo : oP - 96° 32' : ooP : ooP (clinod.) - 08° 20'; 
ooPoo : + Poo sb 129° 4 . The crystals have a vitreous lustre, are asymmetrical at 
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the two ends, and generally hare but imperfectly developed faces ; they cleave im- 
perfectly parallel to + P2. [J. Iiischmidt, Wien. Akad. Bar. lii. (2 Abth.), 238.] 

Derivatives of Succinic Acid . 

No chlorinated substitution-products have hitherto been obtained from succinic acid. 
By the action of chlorine on citric acid, however, Plantamcrur obtained an oily body 
(perhaps C 4 Cl 4 O a .Cl 2 .), which when treated with alcoholic potash yielded a potassium- 
salt having the composition of potasric tetrsichlorosuccinate, C*C1 4 K*0 4 ; it is not, how- 
ever, known whether the acid of this salt is really a derivative of succinic acid. (Sea* 
firnuo Acid, i. 996.) 

Sro moa&ccinic Adds. — Two of these acids are known, viz. mono- and di-bromo- 
succinic acid, both of which may be produced by the direct action of bromine on succinic 
acid. 

Monobromosuccinic Acid, CTFBrO 4 = ( c<Hs *frp 2 ) |o*. (Kekul^, Ann. 

Ch. Fharro. cxvii. 125.) — The conditions under which this acid is formed are not 
exactly known. When succinic acid is heated with bromine and water in a sealed 
tube, dibromosuecinic acid is generally produced, even when the bromine and succinic 
acid are mixed in the proportions required to form the monobrominated acid. The 
formation of the latter appears, however, to be promoted by the presence of a quantity 
of water, larger than that which is most favourable to the production of dibromo- 
succinic acid. Carius (Ann. Ch. Pharm. cxxix. 6) prepares the monobrominated 
acid by slowly heating 5 grms. succinic acid with c.c. bromine and 40 c.e. water, 
to 120° in sealed tubes, and obtains it pure by one recrystallisation. Even when quite 
pure succinic acid is used, a small quantity of a heavy brominated oil is likewise pro- 
duced, having the composition C' i lI s Br*. 

Monobromosuccinic acid is very soluble in water, and crystallises in small nodular 
aggregates. After neutralisation, it throws down from a solution of silver-nitrate a 
white silver-salt, which quickly decomposes, with formation of silver-bromide. On 
adding silver-oxide to the aqueous solution, bromide of silver is quickly formed, and 
the solution contains malic acid. 

According to these reactions, monobromosuccinic acid may be regarded, on the ono 
hand, as i i substitution-product of succinic acid, on the other as the bromide of 
malic acid, forming, as it were, the stepping-stone from succinic to malic acid : 

Sncclnlc weld. Monohromosucclnic odd. Malic acid. 

(CW)"| QJ (C'lMtrOT f Q1 (CH-Or > Br (C*H*0*)" { n , 

H*{ u lH u ’ or IP | O’ H* | ° ’ 

These, relations are analogous to those which exist between acetic acid, C 2 H 4 O a t 
monochloracetic acid, C 2 H S C10 2 , and glycollic acid, C TT*O a . 

Dibhomosuccinio Aoid, C«nw = (^HWOTJo. (Kekuli.iUm.Ch. 

Pharm. cxvii. 123; Suppl. i. 131. — Perkin and Duppa, Chem. Soc. Qu. J. xiii. 
102.) — Prepared : 1. By heating 12 grms. of succinic acid, H c.c. biomine, and 12 
grms. water, in scaled tubes, to about 180°, and crystallising the solid portion of the 
contents of the tube from boiling water, with addition of animal charcoal* (Kekul£). 
— 2. By the action of water on chloride of dibromosuecinyl, ^IFBrW.CP (Perkin 
and Duppa). — 3. From fumaric acid, C 4 H 4 0\ by direct addition of bromine. (Ke- 
kulA) 

Dibromosuecinic acid crystallises in colourless, mostly opaque prisms, sparingly 
solublo in cold, easily in boiling water, also in alcohol and ether. When heated with 
bromine and water, it is decomposed with formation of bromoform : 

C 4 H 4 Br*0 4 + 2H*0 + 3Br* - CH*Br* + 3CO* + 

By sodium-amalgam it is reconverted into succinic acid. 


• The mother-liquor, from which the dlbromosucclntc add has crystallised, contains d I brom o - 
malelcacld, C 1 and two Isomet* of m on o h r om o m alel c acid, C«H*BrO« (lil. 

7H8). The fllliromomalclc acid volatilises with the vapour of water on distilling the mother-liquor In 
ii retort ; the other two arids separate from the mother-liquor on repealed evaporation, and may be 
purified bv fracttonril rrytraUisniion.— Metabrcm omn l c ic ocr'tf, C«H 3 BrCM, forms latge, well- 
defined, apparently trimetrlc crystals ; melts st I2ti° — 137 °, volatilises even below 100 °, and dissolves eery 
easily in water, alcohol, and ether. Its silver -salt, C*HAg*BrO», separates from a mixture of the «eid with 
silver-nitrate, on addition of ammonia, as a curdy precipitate j the Irad-taU, C<HPb"Br0 4 (at 100°), Is 
a white precipitate. Insoluble In the free acid, but sohtble In a large quantity of neutral lead-acetate— 
PmrrnSr omomaieiv mcitt. C 4 H»BrCH, separates In large crystals, apparently trtellnlc. Jt is like- 
wise easily soluble in water, alcohol, and ether, and melts at 173 °. Its silver- taU. C4HAg*BrO*, is 
obtained as a gramilo-cryetaUlne precipitate, on mixing the arid with nfrrwte nf silver. It dissolves 
In botUng water, and mare readily In dilute nitric arid — Ttoo least- wit, C 4 HPb"Br0 4 .2H*0, Is solublo 
both in excess oltbMcU and in acetate of lead. (K«kull, Ann. Ch. Pharm, exxx. I.) 
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Dibromcmuecinie acid is dibasic. Its salts are easily decomposed by heat, so that, in 
preparing them, it is necessary to guard against rise of temperature. They are all 
decomposed by boiling with water, or with excess of base, yielding a metallic bromide, 
together with another product of decomposition, varying according to the nature of the 
base. The bromine thus withdrawn (1 or 2 ut.) is either replaced by the water-residue, 
JIO, or merely separates in combination with an equivalent quantity of hydrobromic 
acid, leaving a residue containing 1 at. bromine and 1 at. nydrogen less. Of tho 
decompositions expressed by the following equations, the first throe have actually been 
affected: 


C 4 H 4 Br*0 4 + H*0 — IIBr + C'H'BrO 4 Monobromom all c acid. 

0 4 II 4 Br 2 O 4 IIBr + CMFBrO* Monobromomuleic acid. 

CniWO* + 2H 2 0 - 211 llr + OIFO* Tartaric acid. 

C 4 H 4 Br*0 4 = 2IIBr + C 4 li*0 4 (unknown). 

Generally, however, several of these reactions take place simultaneously, bo that tho 
principal product formed according to one of these four equations, is accompanied by 
u secondary product formed according to another. Thus sodic dibromosuccinate^ boiled 
in aqueous solution, is converted chictly into acid sodic m o nob romom alate. On 
boiling an aqueous solution of baric tl ibromosucci a a tc, acid baric monobromo- 
maleate is obtained as the chief product of decomposition, togethor with ft small 
quantity of tartrate. — "When calcic dibromosiweiuate is boiled with water, and lime- 
water is added till tho liquid no longer turns acid after prolonged boiling, the chief 
product is an insoluble calcium-salt having the composition of the tartrate. — -Lastly, 
argentic dibromosuevinatv is easily decomposed by boiling with water, yielding (inactive) 
tartaric acid. 

From these reactions, and its mode of formation, dibromosuccinic acid may bo 
regarded either as n substitution -prod act. of succinic acid, or alt tho bromide of mono- 
bromomalic acid, or lastly as a bromide of tartaric acid. It is related to succinic, 
nionobroniomalic, and tartaric acids, in the same manner as dibromacetic acid to acetic, 
monobromoglyeollic, and glyoxylic acids ;Kokul<i’s Lehr buck, ii. 33): 

Dibromosuccinic acid, 111,1 J O* 

(C 4 H 2 BrO-)**) Br 

*» 

(C 4 II 2 0*y'"> Er* 

” ll 2 V 0* 

Neutral Dibromosuccinatc of Ammonium , CBIl^NIDyBriO 4 , crystallises by spon- 
taneous evaporation in largo transparent crystals. — The neutral sodium-salt, 
C'lBNu^BriO 4 . 411*0, is very soluble in wafer, and remains in small crystals on 
evaporation ; from alcohol it crystallises in shining lamina*. — The avid potassium sail 
is white, crystalline, and sparingly soluble. — The calcium-salt, C 4 J^■ ^ CH , Tf^ 3 0 , , obtained 
by double decomposition, separates gradually as a crystalline precipitate. — The silver- 
salt, C 4 Il s Ag*Br i O , l prepared in liko manner, is a white pow'dor, insoluble in 
water. 

Kt hylic Dihronwsuccinalc, C 4 TI 2 (C/JP) 2 Br*0 4 , obtained by passing hydrochloric 
acid gas into an alcoholic solution of the acid and precipitating with water, is very 
slightly soluble in water, easily soluble in alcohol and eth*»r, and crystallises in long, 
white needles, which molt at 58°, and boil with purtial decomposition between 140° 
and 150°. (Kekul6.) 

Dibromosuccinic Anhydride , (C'II 2 Br z 0 z )"0, is obtained by heating maleic 
anhydride, C 4 H a O* with dry bromine to 100°, for half or three-quarters of an hour. 
Two atoms of bromine are then taken up, and a yellow liquid is formed, which gra- 
dually solidifies to a crystalline mass, to-be freed from adhering hydrobromic acid by 
leaving it, when pulverised, over quicklime. Dibromosuccinic anhydride, thus 
produced, crystallises from carbonic disulphide in colourless 1 ami nee. It melts at 100°, 
and is resolved at 180° into hydrobromic acid and bromomaleie anhydride, C^HBrO 1 . 
With cold water it forms at first a solid mass, which dissolves in a latter quantify of 
water, and the solution yields, by spontaneous evaporation, a crystallised acid, formed 
from the anhydride by addition of water, and having the composition, but not the 
properties, of dibromosuccinic acid, viz. : 

Isodibromosuceinic Acid , — This acid forma large, transparent, well- 

developed crystals, much more soluble in water than dibromosuccinic acta. It melts 
at 160°, and is resolved at 180°, or by boiling its aqueous solution, into hydrobromic 
acid and isubrumomaleic acid, C*H*Br0 4 ; whereas ordinary dibromosuccinic acid it 


(C«H*OT 1 0 , Puocinic acid. 

Monobromo- 
iL a { v/ ’ malic ucid. 

(C 4 Ii-0-r'( 0 4 

ll 4 j U * 


(C»H*BrO*rj 01> 


Tartaric ucid. 
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not decomposed by boiling with water, but when heated by itself is completely de- 
composed without previous fusion. On boiling the aqueous solution with baryta, baric 
isodibromomccinate is obtained, which forms warty .crystals, and yields isodibroraoeuc- 
cinie acid when decomposed by sulpha rift acid. — The silver-salt resembles that of 
ordinary dibromosucoinic acid.. (Kckule, Alin. Ch. Pharm. Suppl. ii. 85.) , 

avcciarzc AMIDES. Succinic acid, like other acids of tho series 
is capable of formiug four nomial amides, derivable, but not always directly producible, 
from the acid and neutral ammonium-salts, by abstraction of water, yiz. : 


Succinamic acid, C 4 H T N0 8 

Succinimide, C 4 H*N0 2 

Succinamido, C 4 H 8 N 2 0* 

Succinonitrile ) r< 4 TT 4 Kr 2 
(Cyanide of Ethylene) { ^ 11 " 


H* )N 

(C'lTOyjg * C 4 H 5 (NH 4 )0 4 - H*0. 

(C'H'O’y ? N = C’U^NH^O* - 2H»0. 
(C-‘H , 0 5 )"| ns= c . H *(NH 4 )*0‘ - 2H’0. 
(C*H«)"Cy a - C , H‘(NH i ) s O < - 1H»0. 


The first- three of these compounds contain hydrogen-atoms replaceable by metais 


or alcohol-radicles. There is also a trisuccinamide, (C 4 II l 0 2 ) 3 N 2 , formed by the 
action of succinic chloride on argentic succinimide. 

H* ) -w- 

Succlnamio Acid. OH^NTO 1 « (C 4 II 4 0 2 )"|q. (R. Teu chert, Ann. Ch. Pharm. 


cxxxiv. 136; Bull. Soc. Chim. 1866, i. 286.1 — The barium-salt of this acid, C*H 12 Ba"N J 0*, 
is obtained by leaving a slightly warmetl solution of succinimide and baric hydrate, in 
equivalent proportions, to evaporate in a vacuum over oil of vitriol, and repeatedly 
crystallising the residue from an aqueous solution mixed with alcohol. It forms 
concentric groups of needle-shaped crystals, easily soluble in water, insoluble in 
absolute alcohol and in ether, somewhat soluble in aqueous alcohol. The aqueous 
solution decomposes when kept, and more quickly on boiling, into ammonia and 
succinate of barium, which is precipitated. With potash, the solution gives off ammonia 
even in the cold. 

By carefully decomposing tho barium-salt with somewhat less than the equivalent 
quantity of sulphuric acid, and evaporating the filtrate, impure succinamic acid 
(containing baryta) is obtained in rectangular prisms; if tlie whole of the baryta be 
precipitated, nothing but succinate of ammonium remains dissolved. 

Succinamate of Cadmium , C s H l2 Cd , 'N 2 O a .IPO, remains on precipitating the solution of 
the barium-salt with sulphate of cadmium, and evaporating the filtrate; it is very 
soluble in water, insoluble in alcohol, and forms a radiated crystalline mass, or small 
well-developed rhombic prisms. — The cupric salt, C !, H 1 'Cu"lS‘U s , prepared in like 
manner, forms dark-green, microscopic, rhombic lamina?, insoluble in alcohol, 
slightly soluble in wafer, and decomposed by boiling with water, with separation of 
cupric oxide and cupric succinate. — Thu lead-salt , C B H l2 Pb"N 5t O tt , is obtained by 
heating a solution of succinimide with excess of lead-oxide, and adding alcohol to the 
filtrate previously treated with carbonic acid, in large, concentrically grouped, easily 
soluble needles. — The magnesium-salt, C*’Il l3 Mg ,< N a 0 B .3ii*0, prepared like tho cadmium- 
salt, is a radiated, nodular, crystalline muss, which by solution and spontaneous 
evaporation, yields well-developed crystals belonging to the trinietric system. — The 
manganous salt, C M H l i Mn"N 1 0 l, .5H 2 0, remains on evaporation as a rose-coloured syrup, 
which gradually solidifies to a warty or radiate crystalline mass. 

The silver-salt, C 4 H # AgNO s ,is obtained, by mixing the concentrated solutions of 
argout-ic nitrate and baric succinamate, as a white crystalline precipitate, and on 
leaving the filtrate to itself, in prismatic crystals probably belonging to the monoclinic 
system. It blackens quickly on exposure to light, is easily soluble in ammonia, 
sparingly in water, and insoluble in alcohol ; in boiling water it becomes covered with 
a black crust.* 

Succinamate of Zinc , C*H 12 Zn N N 2 O a , prepared like the cadmium-salt, forms stellate 
groups of prisms, easily soluble in water, nearly insoluble in hydrated alcohol, quite 
insoluble in absolute alcohol. 


* Laurent and Gerhard t (Ann. Ch- Pharm. Jxxll. 991), by boiling argentic succinimide with dilute 
amnionia,obtafn«d a silver-salt, which they regarded as argentic succinamate. It differed. however, in its 
{properties from that above described, being easily soluble in water, and yielding sucdtianilUe when 
decomposed by hydrochloric acid, whereas succinamate of silver thus treated should yield add succinate 
of ammonium. According to Teuchert. the salt obtain*^ by Laureut and Gerhardt was probably a 
hydrated argeulic •ucclolmide isomeric with tte succinamate (p. 401). 
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C*H\H w 

Pkenyhuecinamic or Succinanilic Acid , C'*H u NO* •» (C'HWL 4 

(Laurent and Gerhardt, Ann. Ch. Phys. [3], xxiv. 179.) — Obtained by dissolving 
guceinanil in boiling dilute ammonia mixed with a little alcohol, boiling the liquid to 
£ expel the latter, and neutralising with nitric acid. The succinanilic acid is then 
deposited on cooling, in elongated laminae, which are to be purified by crystallisation 
from alcohol. It is very slightly soluble in cold, more soluble in hot water: the 
solution reddens litmus. It melts when heated, ami decomposes, at a higher tempera- 
ture, into water and phcnylsuceinimide, which sublimes. It dissolves ill muiuoiiitt 
and in potash, and when fused with potash at a gontle heat, gives off aniline. 

Svcdnau date of Ammonium is very soluble in water, and crystallises in confused 
masses. The solution does not precipitate chloride of calcium , and scarcely product s 
any turbidity with chloride of barium ; with cupric salts it forms a light-blue, and with 
ferrous salts a yellowish-white precipitate; with nitrate of silv<r t a white procipituto 
of argentic succinanilate, C l0 H ,0 AgNO s . 


Bnoclnamide, CMPN 2 *!} 2 <= (I)'Arcot, Ann. Ch. Pharm. xvi. 

215 ) — This compound separates in small while crystals, on mixing ethy lie. succinate 
with strong uqueo us ummonia. It dissolves in boning water, but is nearly insoluble 
in cold water, also in alcohol ami in ether. It melts when heated, and is resolved 
at about 200° into ammonia and sum nimble, (PIPNO*. It is easily decomposed by 
boiling with alkalis. By the action of nitrous ucid (/.«. by passing nitric oxide into a 
solution of succiimmide in nitric arid), it is resolved, after the manner of amides ill 
general, into succinic acid, water, and nitrogen : 


C 4 II*jS 5 0 3 + N*0* = C'II*0 4 + 11*0 -t- 2N*. 

(CH'O*)") 

Phenylsuccinamide or Succinanilide , C'WWCF « (CH 4 )* >N a . 

II*) 

(Laurent and Gerhnrdt, Ann. Ch. Phys. [3], xxiv. 179.) — Remains undissolvod 
when tho product of the action of succinic acid on anhydrous aniline is exhausted with 
boiling water ; produced ulso by the action of aniline on succinic chloride. It dis- 
solves easily in boiling alcohol, and is deposited therefrom in tufts of microscopic 
needles. It is less fusible than succinomide. When melted with potash at a gentle 
heat, it gives off aniline. 

Succinimide, C 4 H?N0* (CUO)^^ Bisuecinamide. (D’Arcet, Ann. Ch. 

Phys. [2], lviii. 294. — Fehling, Ann. Ch. Pharm. xlix. 198. — Laurent and Ger- 
hardt, Conipt. Chim. 1849, p. 108). — Formed: 1. By heating succinamide or succi- 
nate of ammonium. — 2. By the action of dry ammonia-gas on succinic anhydride : 

(C 4 H 4 0*)"0 + NH* - H*0 + (C 4 H 4 0*fHN. 

Succinimide crystallises in large transparent crystals, C 4 H 4 N0*.II*0, which give off 
their water eren on exposure to the air. It is easily soluble in water and in alcohol, 
less soluble in ether; molts at 210°, nnd sublimes without alteration. 

Tho hot alcoholic solut ion of succiniinidc, mixed with a small quantity of ammonia, 
and then with nitrate of silver, yields on cooling, largo crystals of argentic succinimide, 
C 4 H 4 0*AgN. This compound detonates when heated, and when triturated with sal- 
ammoniac, is converted, with evolution of ummonia, into argentic chloride and 
succinimide. By prolonged boiling with water, it yields argentic succinate. When 
boiled with water containing a few drops of ammonia, it is converted, according to 
Laurent and Gerhardt, into argentic suCcinamate. Tench ert, however (p. 400), 
obtained by this process a hydrated argentic succinimide, 2C 4 H 4 O a AgN.H :i O, and is of 
opinion that Laurent and Gerhardt’ s compound was also a hydrated argentic succini- 
mide, containing C 4 H 4 0 1 AgN.Il*0, isomeric therefore with argentic succinamate. 

A solution of argentic succinimide in a small quantity of ammonia, leaves, on 
spontaneous evaporation, an alkaline syrupy liquid, which solidifies after some time to 
a mass of hard brittle crystals, consisting of argtntarnmonmm-sucdriimide, 
C*H < 0*(NH*Ag)N, which is distinguished from argentic succinimide by its property of 
giving off ammonia when treated with potash at ordinary temperatures. 

Chloroauccinmtde, — Ethylic perchloroeuccinate (p. 403) is converted by ammonia 
into a crystillisable and sublimable body, probablyconsistingoftetracLlorosucci- 
nimide, C 4 C1 4 0*HN. The analysis of this body does not agree very well with this 
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formula, but the formation of trichloracetamidc, at the same time, seems to show that 
it is produced in the manner shown by the equation : 

C*C1 I4 0« + 3NH* • 4HC1 + 2C 2 H 2 Cl s KO + C 4 C1 4 0 2 HN. 

Elhylic per- ' TrichlorKcetiunlde. Tetruchloroiuc- 

chloroBiiccinate. cinlm ide 

On treating' the product with ether, the tetrachlorosuecinimide and trichloracetamide 
dissolve, while sal-ammoniac remains behind; and the ethereal solution leaves on 
evaporation, a residue, from which cold water extracts an ammoniacal compound of 
tetrachlorosuecinimide (chlorazosuccate of ammonium), leaving the trichloracetamide. 
The aqueous solution, mixed with hydrochloric or nitric acid, deposits the tetrachloro- 
succinimide in four-sided prisms. It is nearly insoluble in water, very soluble in 
alcohol and ether; melts in water between 83° and 85°, in the air at 200°; sublimes at 
126°, and turns yellow at 250°. It decomposes carbonates, and its ammoniacal 
solution precipitates the salts of calcium and copper. Its ammoniacal solution 
evaporates over the water-bath, decomposes with brisk effervescence, and yields, among 
other products, a crystalline substance, regarded by Gerhardt as chlorosuccilamide, 
O i H*CI*NO a , the amide of chlorosuccic acid (p. 463), possibly thus; 

C 4 C1 4 0 2 HN + H 2 0 - CO 2 + HC1 + C a H-'Cl s NO. 

Clilnrosuccini- Chlorosuccilu- 

mide. mult*. 

Phenylsuccinimide , or Succinanil, C l0 H*NO 8 =* (Bau- 

rent and Gerhardt, Ann. Ch. Phys. [3], xxxlv. 179.) — Obtained by heating pul- 
verised succinic acid with dry aniline, and treating the crystalline mass with boiling 
water, which dissolves the greater part of it, consisting of succinanil, and leaves a resi- 
due of succinanilide. The succinanil crystallises on cooling in colourless lamina?, and by 
recrystal li Ration from alcohol it may be obtained quite pure, in fine long interlaced 
nooales. It appears to be sublimable without decomposition. It is insoluble in cold 
water. Aqueous potash has no action upon it, but when heated with solid potash it 
gives off aniline. Polling aqueous ammonia converts it into suceinanilic acid (p. 460). 

Trlsaccinamlde, (C 4 H 4 0 2 ) 3 N 2 . (Chiozza and Gerhardt, Ann. Ch. Pharm. xc. 
108.)— Produced, together with argentic chloride, by treating argentic succinimide with 
an ethereal solution of succinic chlorido : 

2(C , H , 0 ! )"AgN + (Cm'OYCl* - 2AgCl + (C*fi‘0 J )*N* 

It is slightly soluble in ether, easily soluble in absolute alcohol, and crystallises in 
small triangular plates which melt at 83°. By aqueous alcohol it is quickly decom- 
posed, yielding succinic acid, ethylic succinate, and succinimide. 

SQ OCXXriC ANBTDRIBS. C 4 H 4 0* = (C 4 H 4 0 2 )"0. Anhydrous Succinic 

Acid. (D’Arcet, Ann. Ch. Phys. [2], lviii. 282. — Gerhardt and Chiozza, Compfc. 
rend, xxxvi. 1050. — Kraut, Ann. Ch. Pharm. cxxxvii. 254.) — Obtained: 1. By boil- 
ing succinic acid very rapidly in a rotort, and absorbing the water os fast as it con- 
denses. — 2. By distilling succinic acid once or twice with phosphoric anhydride 
(D’Arcet). — 3. By heating the acid with phosphoric pentachloride : 

C *11*0 4 + PCI 8 » 2HCI + POC1* + C 4 H 4 0 3 . 

— 4. By heating ethyiic succinate with chlorobenzene. (Kraut, p. 463.) 

Succinic anhydride is a white mass, less soluble in water , but more soluble in 
alcohol than succinic acid. It dissolves in boiling absolute alcohol, apparently without 
formation of ethylic succinate, and is deposited from the solution in long needles. It 
is very little soluble in ether, either cold or boiling. Melts at 119 6° (Kraut). By 
solution in boiling water, it is reconverted into succinic acid. With diy ammonia-gas 
it becomes hot, and forms succinimide, together with water : 

C 4 H 4 0*.0 + NH* * H*0 + C 4 H 4 0*IIN. 

With phosphoric pentachloride, it yields succinic chloride and phosphoric oxychloride : 
C 4 H 4 0*0 + POP - POC1* + C 4 H 4 0*C1 2 . 

8VOOIVXO 08X.0XSBI, or Chloride of Succinyl , (C 4 H 4 0 2 )"C1 2 . (Gerhardt* 
an d jOhiozza. loc, cit.) — Produced as above, by distilling succinic anhydride with 
phosphoric pentachloride, and purified by rectification. It is a filming, strongly re* 
fractxng liquid, boiling at about 190°. With water it easily yields succinic acid ; with 
alcohol, ethylic succinate. 

IHbrOTimsUccinic Chloride, 0 4 H 2 Br*0*.Cfl f , is obtained by heating succinic chloride 
with bromine to 120° — 180°, for three or four hours (Perkin and Duppa, Ghem. 
Soc Qu. J. xiii. 102); also by direct addition of bromine to fumaric chloride, 
C 4 H*O t Cl* (KaktliA)* It is a liquid, which ooil#at 220° (Kekule), and is converted 
by water into dibamosnccinic aod. (Perkin and Duppa.) 
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SUCCINIC ETHERS. 

Bvocmo ITBISf. a. Of succinic ethers containing monatomic alcohol- 
radicles, only the neutral methylic., ethylic, cetylic, and benshydrolio ethers have 
hitherto been obtained. 

Methtlic Succinate, C a H ,# 0 4 *- ^ (CH*)*!^ ia produced by passing 

hydrochloric acid gas into a solution of succinic acid in methylic alcohol. When 
purified in the usual way, it forms a crystalline mass, melting at 20°, and solidifying 
again at 16°. It is nearly insoluble in wafer, but dissolves in alcohol and ether ; boila 
at 198°. Specific gravity of liquid — 1*179 at 20° ; of vapour 5*29. (Fehling, Ann. 
Ch. Fharm. xlix. 195.) 

Ethylic Succinate, CPIP'O* «= — Prepared like the methylic 

ether, or by distilling 10 pts. succinic acid, 20 pts. alcohol, and 5 pts. strong hydro- 
chloric acid, and purifying the oily product by distillation over massicot (D’Arcet, 
Ann. Ch. Phys. [2], Ivin. 291); also by dropping alcohol into a retort in which 
succinic acid is heated to a temperature near its boiling-point (Gaulthier de 
Clanbry). It is an oil, slightly sohiblo in water, boiling ut 214°, and burning with u 
yellow flame. Specific gravity of liquid 1*036; of vapour 6*22. (D’Areot.) - 

When potassium is introduced into ethylic succinate, the liquid becomes hot, gives 
off hydrogen, and forms a pasty mass, from which, after treatment with water ami 
crystallisation of the undissolvcd poll ion, yellowish laminae are obtained, having the 
composition C*H*0* [therefore, perhaps, tthyltuccinic anhydride, C 4 JI*(C*H*)0*]. The 
crystals melt at 133°; sublime at 206 J ; nnd arc decomposed by alkalis into alcohol 
and an alkaline succinate. With ammonia they form a light-yellow substanco, crys- 
tallising in needles (Feb 1 i ng, Ann. Ch. Pharm. xlix. 192). ltespecting tlio rational 
formula, see Geuther. (Zeifnchr. Ch. Pharm. 1866, p. 5.) 

Ethylic succina't^ heated with chlorobenzene (chloride of phenyl) in it scaled tube 
to 260°, for several hours, yields ethylic chloride, ethylic benzoate, and succinic 
anhydride (K raut, Ann. Ch. Pharm. cxxxvii. 254) : 

(C (CW)*[° l + C ’ IIS ° C1 - C J IPC1 + C ^|° + (C‘H«0»)".0. 

Snh.d ( tutvm -prod nets of Ethylic Succinate (Call ours, Ann. Ch. Pharm. xlvii. 29; 
Mala gut i, ibid. lvi. 291). — When ethylic succinate is saturated with chlorine, and 
t hen exposed to sunshine in a bottle filled with chlorine-gas, a crystal li sable substance 
is formed, which molts at 115°— 120°, has the composition OHCl^O 4 , and may there- 
fore ho regarded as ethylic succinate in which all the hydrogen, except ono atom, is 
replaced by chlorine. By distillation it is resolved, at about 290°, into carbonic 
anhydride, chloride of triehloracetyl, trichloride of carbon, and probably chlorosuc 
cide, C*HC1*0: 

C a HCl ,f 0 4 - CO* + C*Cl*O.Cl + C 2 C1* + C*HC1*0. 

With alcohol it yields neutral ethylic carbonate (i.80 0), ethylic trichloracetate (i. 879), 
hydrochloric acid, and the ethylic ether of chlorosuccic acid. — The chlorinated 
etiier, or the product formed from it by the action of alcohol, yields, when treated with 
potash, carbonate, chloride, formate, and chlorosuccat© of potassium. (MaJa- 
guti.) v 

Laurent and Gerhardt suppose that Malaguti’s chlorinated ether contains no 
hydrogen, but consists of perchlorinated ethylic succinate, C § C1 ,4 0 4 . Gerhardt regards 

chlorosuccic acid as C‘HC1*0* *= | O (trichloracrylic acid), and chlorosuccide 

as the corresponding chloride, C , C1 , 0.C1. These formulas afford simplo explanations 
of all the reactions, but they do not agree well with the analytical numbers obtained 
by Gahours and Malaguti. — Chlorinated ethylic succinate, treated with ammonia, 
yields, among other products, a compound designated by Malaguti as c hi or a so- 
(C*HCl a ON), but regarded by Laurent as tetrachlorosuccinimido, 
r. , ° For furt her details respecting these chlorinated compounds, see 
Gerhardt’# Traiti, iL 466, 477. , 

Ckttho Succinatk, C* , H w 0 4 - t^jo, (Tfitt.thoff, 

^63.)— Produced by heating 1 at. succinic acid and 2 at. ethal for 15 hemirs (to 
temperature ?). Crystallises from hot ether-alcohol in white lamingL melting at . 
58 , slightly soluble in alcohol, more soluble in ether. 

BEH*HTBBoi,ic8vooiirAT^C"a*K)* - Piodnorf byhUBling 

■nceinie acid with berahjdrol ; dfwxibed under (fr. 47*). ' ' 
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B. Succinic Ethers containing Diatomic Alcohol-radicles* 

Only two of these ethers hare jet been obtained, viz/, the acid and neutral succinates 


of ethylene, both discovered by .Lour^nzo. (Ann. Ch. Pharm. cxv. 568.) 

. (Q 4 H 4 0*)' 

Ethylene-succinic , or 'IrlycCdsit C c in i c Acid , C a H I0 O a «■ (C*H r 


iH- 


Produced by heating succinic acid with glycol to 160°: C 4 H*0 4 + C*H fl 0 3 
C*H ,a O ft + H*0. 

It forms small crystals, melting below 1 00°, soluble in water and alcohol, insoluble 
in ether. 


Neutral Ethyl enic Succinate, or Succinate of Glycol, C 8 H 8 0 4 «= 

remains when ethylene-succinic acid is heated to 300®, as a crystalline mass, which 
melts at about 90°, is insoluble in water and in ether, but may be crystallised from 
boiling alcohol. 


StrcciNiTS. An amber-coloured variety of lime-garnet. The name is applied 
also by Breithaupt to amber. 

StTCCXsroms. This name has been applied to a volatile oil obtained by the 
distillation of neutral calcic succinate (p. 456). 

S Tree Ziff 0 -Strx.PHURXC ACID. Syn. with Sulphosuccinic Acid, 

BUCCXMTUIME. Syn. with Amber. 

STrcczxrzXi. C 4 H 4 0*. The diatomic radicle of succinic acid, &c. 

BUOCZimZC ACID. Syn. with Succinic Acid. 

BUG GISTS RUN El (from succimim and stearin ). — The name applied by 
Pelletier and Walter to the portion of Colophonium succini which is insoluble in 
alcohol and ether. (See Amber, i. 163.) 

SUGROBS. Syn. with Cane-sugar. 

BURT. The solid fat of the ox or sheep. Mutton-suet is more solid than beef- 
suet, and consists mainly of stearin, together with palmitin, and small quantities of 
olein and hircin ; melts at 50° (Arzbacher). Beef-suot contains more stearin than 
human fat, more palmitin than mutton-suet, and about the same quantity of olein; 
melts at 47°. (Arzbacher.) 


Under this name are included a number of organic compounds, 
mostly of vegetable origin, which are soluble in water, mostly crystallisable, have a 
sweet taste, and neutral reaction to vegetable colours, and in the state of solution rotate 
the plane of vibration of a ray of polarised light. They may be divided into fer- 
mentable or true sugars, and non-fermon table sugars or saccharoi'ds. 

A. Fermentable Sugars . — These sugars are carbohydrates, represented by the 
general formula C n II 2p O p , and may bo subdivided into the two following groups, the 
first including those sugars which are directly susceptible of vinous fermentation, the 
second those which undergo this transformation only after conversion into Bugars of 
the - first group : 

Molecular Rotatory power. 

+ 66° 

| -106® at 14® 


0 , *H ,t 0* (Glucoses). 
Dextrose or Dextroglucoso (ii. 865) . 

Laevulose or Laovoglucoso (ii. 863) . 

Galactose (iii. UD23). 


63° at 90° 
83° 


' To this group belong also a number of sugars differing moro or less in properties 
from the throe preceding, viz. Maltose (iii. 999), Mannitose (iii. 826); the sugar 
found by Meissner (Jahrosb. 1861, p. 800) us a normal constituent of muscular flesh ; 
Bulcitose, a product of the oxidation of duleite by nitric acid (Carlet, Ann. Ch. 
™ n.*cxyii. 143); t£e sugar which Bert helot obtained (ii. 866) from mannite and 
. hjr theAction of a peculiar ferment; and many of the sugars resulting from 
1 df natural glucosidea under the influence of acids (ii. 865). 

h . C^H* 8 0 !1 (Ca&e* sugar an§l its isomers). 

. : ' Rulfcular rotAtory power. 

&****<**?>** * us T 





,*v+' 

,j* in* 

+ 199 
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The sugars of this group may be regarded as ethers of the glucoses, being related to 
them in the same manner as diethylenic alcohol to glycol, or as diglycerin to glycerin 
(iii. 576, 884): 

Gl«c«*e* ' . Saccharose. 




% 




j>. Non -fermentable. Sugars or Saccharoict^s , — Of these bodies, the first four in the 
following list have the composition of the glucoses ; the rest are not carbohydrates, but 
contain a quantity of hydrogen larger than is sufficient to convert the whole of the 
oxygen into water: 


Eucnlym, C*H ,2 0* (ii. 601) 

Sorbite, C s H ,2 0 8 (v. 352) 

Quercitose,* C*H l:f 0 8 ? (v. 37) 

1 nosite, C*H ,a O* (iii. 274) 

Mannite, C^H 11 ©* (iii* 825) 

IJulcite, C d H ,4 0 - (ii. 348) 
lsixlulcite.t C 8 H ,4 0 # (v. 7) 

Quereite, 0 8 H ,a 0 4 (v. 6) 

Pi ui to, C tf H ,a O* (iv. 652) 

Erythromannite, (ii. 604) . 

In these tables the value of tl»e molecular rotatory power is given for the transition- 
tint (iii. 672), which is the same jvs that for the medium yellow ray, and is commonly 
expressed by the symbol [ajj. The value for the red ray is related to this by the 
equation : 

r -i 23 r 

Mr - 30 M, 

The molecular or specific rotatory power [a] is given by one of tho following 
equations : 


Molecular rotatory power. 

+ 56° (nearly) 

— 46*8° 

0° 

0 ° 

0° 

0° 

+ 76° 

4- 33-6° (nearly) 

4 68 * 6 ° 

0 ° 


I. 


II. 


w - — ; 

M - 


5 . X 
a V 

Ip 


(iii. 673.) 


or [«] 

L J v l 


In these equations, a or a is the observed angle of rotation ; e, the concentration of the 
solution (1 grm. of solution containing « gnus, of substance) ; 5, tho specific gravity 
of the solution ; X or /, the length of the column of liquid in deeimetres.f 

Further : p t the weight of the substance in grammes ; V, the volume of the solution 
containing it. 

Also: v, the concentration of the solution according to volume, i.e . the quantity of 
grammes of the substance contained in 1 cub. cent, of solution, so that v — « « . #. 

The equation I. is used when the concentration and specific gravity of the solution 
are known ; the equation II. when, as is generally tho ojise, the solution is pr«gpared 
by weighing out the substance, and filling up the liquid with water to a given buHC* 
The molecular rotatory power of most sugars is but little affected by temperature ; 
that of lsevulose, however, diminishes rapidly as the temperature rises. A recently pre- 
pared mixture of crystallised dextrose (grape-sugar) exhibits, when recently prepared, 
a rotatory power of about 112°; but it decreases gradually at ordinary temperatures*! 
and quickly when the liquid is heated, and ultimately remain* constant at + 66°. T 
Mixtures of dextrose and hevulose exhibit doxtro- or laevo-rotation, according to the 
proportions in which the two are mixed ; this is seen in different samples of honey, 
and in fruits. Inverted sugar (ii. 863), produced by the BCtion of acida on cane- 
sugar, is a mixture of dextrose and lsevulose in equal quantities. Its specific 
power varies greatly according to temperature : at 16° it is [•] m — jk 

* The auger obtained by dccompo»tng rtwrcJtriafrltb . dilute sulphuric addle** 

(Ann. Ch. Pharm. xc. 105), identical w>th dextrotf “'“ t 

inartiv* a. 

t According to H I nVvfts and 
thus treated yields a 
as cane-sugar, but diL 
and melt, with loss of 
w«tcr at 15°, and Is 
solution, andgSNHns w 
Is isomeric v-ttlTmanf 
t In the eqdptl 
specific rotate*? 

•» P-464, where 

Vou V. 




m ■ ; . v - '■ ' - " ■ " T;V^:*:[ 

— 26° ; at 26^ it is — 12*5° ; at 00° it is nearly •* 0, and at higher temperatures the 
mixture becomes dextrorotatory. 

Chemical Reactions of Sugars: 1. Decomposition hy heat. — All sugars are de- 
composed by heat. Those which contain water of crystallisation give it off at 100° or 
a little above — viz,, grape-sugar, melitose, trehalose, eucalyn, and inosite at 100°, mele- 
zitose at 110°, mycose at 130°. At somewhat higher temperatures the glucoses give 
off more water, and yield anhydrides analogous to mminita^ (iii. 823) : thus 
Dextrose f ram*™ 5 2*0 + C“H ,0 O 3 Glueosun 
Lsevulosej ** jlPO + C®H ,# 0* LaevoJuean. 

When further heated, they yield a number of somewhat indefinite compounds, desig- 
nated by the general name caramel ; and at still higher temperatures, they undergo 
complete^ decomposition, giving off carbonic oxide, carbonic anhydride, marsh-gas, 
acetic acid, aldehyde, acetone, furfurol, liquid hydrocarbons, and other products. Tho 
sugars, C Ia H 2 *O n , appear to be first converted by heat into a mixture of glucoses and 
glucosanhydrides (e. g. t cane-sugar into dextrose and l&volusan), which are resolved 
by further heating into the products above mentioned, 

2. Oxidation. — Sugars are easily oxidable. With strong oxidising agents they 
mostly yield products of comparatively simple constitution, such as carbonic, formic, 
and oxalic acids. Glucose and cane-sugar, &c., distilled with a mixture of manganic 
peroxide or pot as sic chromate and sulphuric acid, or with peroxide of lead and water, 
yield chiefly formic and carbonic acids ; milk-sugar distilled with potassic chromate 
and sulphuric acid yields the same products, together with aldehyde. 

By prolonged boiling with strong nitric acid , sugars yield chiefly oxalic acid. With 
more dilute acid* and at lower temperatures, acids are formed nearer in composition to 
the sugars — chiefly mucic, saccharic, and tartaric acids, sometimes also racemic acid. 
The formation of the isomeric compounds, mucic and saccharic acids, is represented 
by the equation : 

C fl H ,2 0« + O* a IPO + C 8 H'*0*. 

Tartaric acid is probably formed by further oxidation of saccharic acid; and race- 
mic acid by oxidation of mucic acid (p. 35). 

Cane-sugar, glucose, and indeed most other sugars, yield by this gradual oxidation, 
only saccharic acid ; milk-sugar yields mucic with a small quantity of saccharic acid ; 
melitose yields saccharic with a small quantity of mucic acid. 

Sugars are oxidised by many metallic oxides and salts, and therefore act as reducing 
agents : thus from silver-salts , especially in presence of ammonia, they throw down 
metallic silver; from cupric salts, especially in alkaline solution, they precipitate 
cuprous oxide (ii. 860). The glucoses m general exert a stronger reducing action than 
cane-sugar and its isomers ; of the latter, milk-sugar reduces more quickly than cane- 
sugar. The products formed in these reactions have not been very closely investigated. 
(See Gaxxaoteo and Pectoiactic Acids, iii. 1024.) 

3. Very strong nitric ariddp pecific gravity, 1*525), or a mixture of strong nitric 

and sulphuric acids , converts sugars into nitro-compounds : cane-sugar thus treated 
yields nitro-saccharose, probably C , *H , *(NO , ) 4 O n ; inosite yields rays tall isable 
nitro-inosite, isodulcite, CMHW.HH), yields C‘H^N0 3 )*0 5 ; dex- 

trose^ milk-sugar, and trehalose yield nitro-compounds whose composition has not 
been exactly ascertained. 

4. Reactions with other acids. — By boiling with dilute sulphuric or hydrochloric 
acid, cane-sugar and its isomers are converted into glucoses : 

C , *H«0 M + H 3 0 - C 8 H 18 0 - + C*H n O B . 


In this manner raelezitos© yields 2 at. of dextrose ; lactose yields 2 at. of galactose ; 
cane-sugar yields 1 at. dextrose + 1 at. laevulose; and melitose yields 1 at. dextrose + 
1 at. eucalyn. 

The glucoses offer considerable resistance to farther transformation by dilute mine- 
irt acids ; but' ultimately they turn brown and decompose, the more quickly as the 
Bi is less dilute, yielding brown humus-like products of indeterminate composition ; 
transformation is most quickly effected by strong hydrochloric acid. 
r ^ —'pAwnc acid acts on the sugars, C l, H ft O , \ much more strongly than 

k strong syrup of cane- or milk-sugar mixed with concentrated sul- 
, is immediately decomposed with great intumescence, evolution of sul- 
ijydride and various volatile products, and separation of a black c&rbona- 
ceOua msea,— Dextrose, on the other hand, mixed with strong sulphuric acid, forms, 
without hHufrtafog. a sulpho-acid, C^H^SO 27 « 4C*H 1 *0*SO\ the action being 
e&attly; that of the organic acids on the glucoses (p. 467) : 

WffVf HW -IPO + O^H^SOfV 
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Phosphoric acid appears alto to form a similar compound with, dextrose. 

The glucoses heated with solutions of organic acid* act like polyatomic alcohols 
yielding ethereal compounds called sacchar i d es, which resemble the m&nnitic ethers 
(»• 521), inasmuch as they are derivatives, not directly of glucose, C*H‘H3», but of 
glucosan, C*H ,0 O* : thus — 

C*H ,3 0* + 20*11*0* - 3H*0 - C , H*(C , H T 0)*0 1 

Dextrose. Butyric Dibutyryl-glucoian. 

C*H”0« + 2C’*h w o* 

Dextrose. Stearic 

.acid. 

C*H»0* + 6C*H*0* 

Dextrose. Acetic 

acid. 

C*H n 0* + 2C*H - 0 - 211*0 - OII B (C*H A )*0»» 

Dextrose. Alcohol. DietliyNglucosan. 

Cane-sugar and its isomers, heated with organic acids, are first converted into 
glucoses, and then into saccharides as above. 

With tartaric acid , the sugars appear to form several different compounds. The 
following are described by Bor t helot ( Chvm. org. ii. 294) : 

1. From Dextrose, C 8 H l *0* + 40^*0“ - 5H*0 ~ C 2 *H # *0“ 

2. „ Cane-sugar, C«1I**0 8 + 2C«H e O- - 311*0 « 

3. „ Milk-sugar, C*H ,# 0* + 4C , TPO* - 3Ii'0 « C*II*"0** 

4. „ „ 3C a II ,7 0* + 4C*I1*0 8 - 711*0 » C*«I1« 8 0** 

6. Reactions with Alkali i . — Sugars act like weak acids, inasmuch as they are capable 
of forming saline compounds with certain bases, or, in other words, of exchanging part 
of their hydrogen for metals. Thus dextrose, C*lI ,st O*, forms with baryta the com- 
pound C ,7 i{”Ba''O l * ; aud cane-sugar forms with the same base, a compound which 
may be formulated as C , *H-°Ba'0 ,, .H -O, or as C^H^O'MWO. Dextrose and cane- 
sugar also form saline compounds with potash and soda; these compounds are obtained 
by agitating the alcoholic solution of the sugar with alcoholic potash. 

In aqueous solution, on the other hand, the glucoses aro very easily decomposed by 
alkalis, even when very dilute. The decomposition takes place slowly in the cold, 
more quickly on heating, the liquid first turning yellow, then brown, and yielding a 
quantity of indeterminate brown humous substance. Dextrose thus treated yields 
glucic acid (ii. 848), aB thefirnt product of tho reaction. 

The sugars, C , *H 22 O n , are for the most part much less roadily attacked by alkalis 
than the glucoses; they are not attack by dilute alkaline solutions in the cold, and 
but slowly even when heated ; but they are decomposed by boiling with concentrated 
alkaline liquids. When fused with caustic alkalis they yield oxalic acid. 

In general those sugars (and other carbohydrates'), which are most easily attacked 
by acids, offer the greatest resistance to the action of alkalis. 

The sugars and other carbohydrates, when treated with ammonia in the form of gas, 
or of aqueous solution, are capable of forming compounds somewhat resembling gela- 
tin, and containing in some cases as much as 14 — 19 percent, nitrogen. Dusart 
(Compt. rend. lii. 974), by heating giu cose, milk-sugar, or starch with aqueous ammo- 
nia to 160°, obtained nitrogenised substances, which were precipitated by alcohol in 
tenacious threads, and formed with tannic acid an insoluble, non-putrefying compound. 
Similar results were obtained by Schiitxenberger (Jahresb. 1861, p. 010). 
P. Th6nard (tbid. p. 908), by operating in a similar manner, but at a temperature of 
280°, obtained yellow or brown nitrogenised products — some soluble, others in- 
soluble in water, and containing as much as 19 per cent, nitrogen. These results are 
especially interesting in connection with the observation made by Hunt (Jahresb. 

1 847-48, p. 845), that bone-gelatin has ..approximately* tho composition of an amide of 
the carbohydrates; ^ 

CFH^O* + 2NH* « C*H’TO + 4H*0; ^ 

and that, on the other hand, gelatin and similar substances, when boiled for some tfyfte 
with sulphuric acid, yield, among other products, sugars resembling glucose. ^ 
Action of Ferments. — The glucoses, vis. dextrose, lsevulose, and galactose, are directly 
susceptible of vinous fermentation; that i**to say, when their aqueous soJWkms ass . 
placed in contact with yeast at a certain temperature, they are immediately resolved * 
into alcohol and carbonic anhydride r CTfP’O* 2C*H*0 + 2CO*. Gene-sugar sad 

• Produced by heating case.ro fur with athylbromMfr asd pot—fc, • 

-*■> hk2 


- 3H*0 - C*H*(C ,B H**0)*0* 

Di a tear y L-g I ucosan. 

- 7H*0 « C*H«(C*H*0)*0* 

He xacet y l-gl ucoean. 
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its homolognes, on, the other hand, do rot undergo this change until they hate 'first 
been converted into glucoses, this action being due to a peculiar soluble ferment, 
analogous to diastase, contained in the yeast (p. 471). Respecting the various 
circumstances attending vinous fermentation, and the action of other ferments on 
sugars, see Fermentation (ii. 623). 

Most of the sugars enumerated in the preceding tables (pp. 464, 465), have already 
been described in their alphabetical places. Wo have here to consider in detail the one 
to which the name sugar is especially applied, viz, : 

Cane-sugar or Saccharose.* 

This kind of sugar is very widely diffused in the vegetable kingdom, and has been 
lately shown to exist in many plants, from which, in consequence of the inodes 
of extraction formerly adopted, only grapo-sugar (dextrose), or uncry stalli sable fruit- 
sugar (a mixture of dextrose and lsevulose), had been obtained. It is very abundant 
in the stems of certain grasses, especially in the sugar-cane (Sacchamm officinarum), 
which contains more than 20 per cent, of it, unmixed with any other kind of sugar, 
and the sorgho or Chinese sugar-cane {Sorghum saccharatum , p. 354), which con- 
tains it to the amount of 9 to 9£ per cent. The juice of maize-stem a, cut shortly after 
flowering, contains a quantity of sugar amounting to betwoen 7*4 and 7'9 per cent, of 
the juice, and about half consisting of cane-sugar (Liidersdorff). — Cane-sugar is 
abundant in many fleshy roots, as those of the carrot and parsnip, and especially in 
that of beet {Bita vulgaris ), which contains on the average from 7 to 11 per cent, of 
it, sometimes as much as 14 per cent. ; and in the stems of certain species of birch 
and maple, especially of the sugar-maple (Acer sacchurinuni), and of many kinds of 
palm. (Seo Paum-suoar, iv. 330.) 

Most sweet fruits contain cane-sugar togother with inverted sugar (ii. 863); some, 
as walnuts, hazelnuts, almonds, coffee-beans, and St. Jobn’s-bread (tho fruit of Cera - 
tonia sitiqua), contain only cane-sugar. Honey and the nectars of flowers contain cane- 
sugar together with inverted sugar ; the sugar in the nectars of cactuses is almost wholly 
cane-sugar. 

Manna from Sinai (the produce of Tamarix manniferct) contains 55 per cent, cane- 
sugar, 25 inverted sugar, and 20 dextrin, &c. Manna from Kurdistan contains 61 
per cent, cane-sugar, lG’fi invorted sugar, and 22’5 dextrin, &c. (Berthe lot, Compt. 
rend. liii. 583.) 

Cane-sugar lias been known in India and China from very early times, and in Europe 
since the time of Alexander the Great. The culture of the sugar-cane was imported, 
in the fourteenth and fifteenth centuries, from Nubia, Arabia, and Egypt, into Spain, 
Portugal, and the Canary Islands, and afterwards to America : it was only after this 
last importation that it earn© into general use. The presence of cane-sugar in beet and 
other plants indigenous in Europe was first demonstrated, in 1747, by Murggraf, and 
its preparation on the large scale from beet was introduced by Aelmrd. The chemical 
composition of cane sugar was established by Gay-Lussac and Then aid. 

Vrcparat 'wn. — Cane-sugar has not yet been formed artificially. It is prepared almost 
exclusively from the juice of the sugar-cane, and of field-beet or mangold-wurzel ; 
smaller quantities are obtained from the sorgho and the sugar-maple. 

1. From the Sugar-cane. — The ripe canes cut close to the ground and stripped of 
their leaves are crushed between rollers, and the expressed juice, which is%pt to run 
quickly into fermentation by the action of the albuminous matters which it contains, is 
defecated by heating it in a copper boiler to about 60° C. (140° F.), with a small quan- 
tity of lime. The impurities then form a scum, which is removed as fast as it collects. 
The juice, when sufficiently clarified, is rapidly concentrated to about 23° of the hydro- 
meter, then passed through cloth filters and evaporated to a very thick syrup, which 
is run into shallow vessels to accelerate cooling, then poured into vessels having their 
bottoms pierced with holes which are kept plugged. The syrup, after being left at rest 
for some hours, is Rgitated to promote the crystallisation of the sugar; and as soon as 
it has set into a solid mass, the pings are removed, to allow the still remaining liquid to 
■ run off, and the syrup is again boiled till it no longer yields any crystals. The last 
mother-liquors, which are thick, brown, and refuse to crystallise, are called molasses 
or treacle, and are used chiefly for the preparation of rdm. 

The solid sugar, obtained as above, is sent to Europe under the name of raw sugar, 
or Muscovado sugar. It is a yellowish granular powder, still impregnated with 
treacle, and often contaminated with foreign substances, which impart to it a more or 
less disagreeable taste ; hence it requires refining. 
m The formation of molasses is entirely due to the conversion of the cane-sugar into 
Alrocrystallisable sugar by the heat to which the juice is subjected ; the fresh juice of 

* JFbS literature mc Gmtiiif* Hamibodk, xt.337. 
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sound canes contains nothing but crystalHsable sugar. Oreat improvements have 
recently been effected in the methods of boiling down nyrups, especially by the use of 
vacuum-pans, whereby a beautiful crystallised product is obtained from the juice at 
the first evaporation, and the formation of molasses is greatly diminished. 

On the manufacture of sugar from the cane, see Vre's Diet . of Arts, &c., iii. 802— 
816- — Manufacture of Maple-sugar, ibid. p. 826. 

2. From Beetroot. — The roots of mnngold-wurzel are reduced to a fine pulp, from 
which the juice is separated, either by pressure, after adding a quantity of water equal to 
20 per cent, of the weight of the root ; or by lixiviating it with cold water ; or, finally, by 
subjecting it in perforated cylinders to the rotatory action of a centrifugal machine.^ — 
The juice is heated to 08° by hot steam, every 1000 quarts being mixed with a quantity 
of milk of lime prepared from 12 lbs. of lime, and the mixt ure is further heated to the 
boiling-point, whereby phosphate of calcium, albumin, albuminate of calcium, and 
other matters are separated, in the form of a dense white crust. The heating is 
interrupted as soon ns the boiling juice beginH to brenk through the crust, the emu* 
liquid below is run off| and the muddy residue* is submitted to pressure. The calcareous 
thin syrup thus obtained is treated with carbonic acid (from 0*6 to 0’8 percent, lime, 
however, remains dissolved as sugar-lime); separated by subsidence* and decantation 
from precipitated carbonate of calcium ; filtered through bone-black, which removes a 
small quantity of sugar-lime ; and evaporated to 20 — 22° Bin., either in open pans or 
in a vacuum-apparatus. The thick syrup, again filtered through bone-black, and 
evaporated in vacuo at about 22” barometric pressure, till it becomes thick enough to 
draw out into threads, yields, after cooling nm! standing, crystals of cane-sugar; and 
the mother-liquor, when further evajKjrntrd, yields a second and third crop, till nothing 
remains but uiicrystallisable molasses. The last very dark-coloured crop of crystals 
is moistened with water, and freed from adhering molasses by means of the centrifugal 
machine. The mixture of all the successive crops of crystals thus obtained constitutes 
raw beet-sugar. (For details, see IJaudw. d. Crum, ix. 1101.) 

tiffining. — To obtain pure, colourless, crystallised sugar from raw sugar, the latter, dis- 
solved in nlamt a third of its weight of water, is mixed with a small quantity of milk of 
lime, and heated to the boiling-point ; a net the juice is decanted from the impurities, which 
separate in ihe form of a crust, then filtered through bone-charcoal, and evaporated in 
a vacuum pun. The strongly concentrated juice in made to crystallise by moderating 
the heat und running in small quantities of unthickoned juice, whereupon a magma of 
siigwr-crystala immediately forms. To give them the requisite* hardness, heat is again 
applied, the crystalline magma is left to drain in the sugarloaf moulds, and the 
formation of small uniform crystals is promoted by stirring and breaking up the crust 
which forms on the surface. When the crystallisation is complete, the apex of the 
mould, which has previously been closed, is opened, to allow the syrup to drain off, 
and that which remains adhering to the crystals is displaced by pouring in pure sugnr- 
svrup. lly due desiccation, the loaf-sugar or r* fined sugar of commerce is obtained. 
(iWs Diet . of Arts, & c. iii. 802.) 

Formerly the clarification of the syrup was effected by adding a certain quantity of 
the serum of bullock’s blood; on heating the syrup, the albumin of the serum became 
coagulated and rose to the surface, carrying with it the greater part of the impurities. 

Preparation on the small scale . — The saecliariferous portion of a plant, after being 
dried an^pulverised, is boiled with 2 pts. of strong alcohol, and the filtrate is left to 
cool ; it thru, after some time, deposits crystals of sugar. (Marggraf.) 

From fruits, likewise containing uncrystal livable f inverted) sugar, cane-sugar may 
be extracted by filtering the expressed juice (after adding an equal volume of alcohol, 
if neoesaary, to prevent alteration), then saturating it with slaked lime, and filtering. 
The filtrate heated to the boiling-point, and again filtered at that temperature, leaves 
on the filter insoluble sugar-lime, which, after thorough washing with water, is to bo 
decomposed by carbonic acid. The sugar-solution is then evaporated to a syrup, 
decolorised with animal charcoal, mixed with alcohol till it becomes turbid, ana left 
to crystallise. The insoluble sugar-lime produced at the toiling heat doeB not contain 
more than g of the total quantity of sugar present: hence the treatment with lime 
must be repeated. If the decomposition of the sugar-lime by carbonic acid yields very 
turbid liquids, they must bo precipitated with basic acetate of lead, and the filtrate 
treated with sulpliydric acid. (Buignet.) 

Proptriies. -Cane-sugar separates from its solutions by slow evaporation in large 
crystals (sugar-candy), having the form of monoclinic prisms, generally with hemihedral 
faces. Axes a : h : c ■ 0*7852 : 1 : 0*7. Angle of axes b, o ■» 76° 44'; ®P : ®P 
(orthod.) ~ 101° 3(T; + Poo : + Poe (clinod.) - 88° 6#} + Foo : <r- 64° IT.-** 
Ordinary combinations, odP.oP. ooPoo (fig . 780), and cpP . oP . ®P* * +P# 
. [Pao ] (fig. 781). By the cooling of hot saturated jofogions, the sugar is obtained 




Cane-sugar is very soluble in water , dissolving in a third of its weight of cold, 
and still more easily in hot water : concentrated solutions are syrupy. It is insoluble 
in ether and in cold absolute alcohol ; boiling alcohol dissolves about l£ per cent, of it ; 
aqueous alcohol dissolves it much more readily. 

Percentage of Cane-sugar in Aqueous Solutions of different Densities, 
(Extracted from the Tables of Balling and Brix.) 


Cana-iugar 

Specific gravity 

Cane-sugar 

Specific gravity 

per cent. 

at 17-5°. 

per cent. 

at 17A°. 

1 

1*0040 

65 

1*2610 

6 

1*0200 

60 

1*2900 

10 

1 0404 

65 

1*3100 

15 

1*0614 

70 

1*3507 

20 

1*0832 

75 

1*3824 

25 

1*1059 

80 

1*4169 . 

30 

1*1295 

85 

1*4499 

35 

1*1540 

90 

1-4849 

40 

1*1794 

95 

1*5209 

45 

1*2057 

99 

1*5504 

50 

1*2165 




The aqueous solution of cane-sugar turns the plane of a polarised ray to the right, 
for the transition-tint, [a] =» + 73*8°. The rotatory power varies but little with 
changes of temperature. 

Cane-sugar melts at 160° to a clear liquid, and solidifies on cooling to a transparent 
amorphous mass, commonly called barley-sugar, which gradually becomes opaque 
and crystalline. 

Decompositions. — 1. Cane-Bugar heated a little above 160°, is converted, without 
loss of weight, into a mixture of dextroso and Jsevolusan (ii. 864) : 

C ,3 H"O n « C‘H 12 0‘ + C'H'W 

At a higher temperature, water is given off, the dextrose being probably converted 
into glucosan (ii, 854) ; afterwards, at about 210°, more water is given off, and caramel 
remains (1). At a still higher temperature, an inflammable gaseous mixture is given off, 
consisting of carbonic oxide, marsh- gas, and carbonic anhydride ; a distillate is obtained, 
consisting of brown oils, acetic acid, acetone, and aldehyde; and a considerable quantity 
of charcoal remains behind. The brown oils contain a small quantity of furfurol (ii. 
750), and a bitter substance called as samar (i. 418). (For further details respecting 
these products, see Gm. xv. 248.) 

2. By prolonged boiling with water, cane-sugar is converted into a mixture of 
dextrose and laevulose, called inverted sugar (5. 863), because the rotatory power of 
the laevulose is greater than that of the dextrose : 

C'*H"0» + H’O - C a H ,f O f + 

Saccharose. Dextrose. Levutow. 

This transformation is accelerated by the presence of acids, and apparently also of certain 
salts. Very dilute acids convert the cane-sugar into inverted sugar, slowly in the cold, 
very quickly when heated. Different acids act with various degrees of rapidity— 
mineral more quickly than organic acids, sulphuric acid most quickly of all. When 
sugar is boiled even with very dilute acids, especially if the boiling be long-continued, 
a number of brown amorphous products are formed, called ulmin, ulmic acid. Use. 
(Om. xv. 264) ; if the air has access to the liquid, formic acid is likewise produced. — 
Concentrated hydrochloric acid decomposes sugar very quickly. 
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Strong sulphuric acid decomposes dry sugar when heated, and a concentrated solu- 
tion, even at ordinary temperatures, with copious evolution of sulphurous anhydride 
and formation of a large quantity of black carbonaceous matter. By this reaction 
cane-sugar may be distinguished from glucose (ii. 859, 864), 

3. Cane-sugar is very easily oxidised. It reduces stiver- and mercury-salts when 
heated with them, and precipitates gold from, the chloride. Pure cupric hydrate is but 
slowly reduced by it, even at the boiling heat ; in presence of alkali, however, a 
blue solution is formed, and on boiling the liquid cuprous oxide is precipitated. An 
alkaline solution of cupric tartrate is very slowly reduced by cano-sugnr. — Cane-sugar 
takes fire when triturated with 8 pts. peroxide of lead, and forms with chlorate of 
potassium a mixture which detonates on percussion, and burns vividly when a drop of 
oil of vitriol is let fall upon it. Cane-sugpir, distilled with a mixture of sulphuric acid 
and manganic peroxide , yields formic acid. Heated with dilute nitric acid i it yields 
saccharic and oxalic acids. 1 pt. sugar mixed with 3 pts. nitric acid of specific 
gravity 125 to 1*30, and boated to 50°, is wholly converted into saccharic 
acid : 

C’UIMO 11 + o« a 2C tf H , «0 8 + 11*0. 

At the boiling heat, the product' consists chiefly of oxalic acid. Very strong nitric 
acid, or a mixture of strong nitric and sulphuric acids, converts sugar into nitro- 
saccharose, probably C^H^NO^O". Sugar is likewise oxidised by chloride qf 
lime , but the products have not been examined. 

4. Cane-sugar does not. turn brown when triturated with alkalis , a character by 
which it is distinguished from glucose : it combines with them, however, forming 
compounds called sucrutes. By boiling with potash-icy it is decomposed, but much 
more slowly than the glucoses. When fused with potassium-hydrate containing water, 
it yields chiefly formic, acetic, and propionic acids : with dry potassium-hydrate it 
yields oxalic acid (Gottlieb, Ann. Oh. Pharm. Hi. 122). Distilled with soda-lime , it 
yields small quantities of ethylene, tritylene, and amylene (Berthelot, Jahresb. 1857, 
p. 42(5) ; and, when distilled with quicklime , it givos off acetone, metucetone, &c. 
(Gottlieb.) 

5. Dry chlorine does not attack sugar at ordinary temperatures ; but at 100°, a 
brown substance is formed, partly soluble in water. On passing chlorine into sugar- 
water, hydrochloric acid is slowly formed, together with carbonic acid, a brown sub- 
stance, and an uncrystallisable organic acid. — Perchlorides act upon sugar (and other 
carbohydrates) in the same manner as free chlorine, producing dark-coloured products. 
This reaction is applied by MaumenA (Compt. rend. xxx. 314) to the detection of 
sugar and analogous substances in liquids. For this purpose a drop of the liquid is 
p bleed on a strip of white merino, previously Rtecpcd in a solution of stannic chloride 
and dried ; and the strip is warmed over a hot coal or the flame of a lamp: the 
presence of any saccharine substance will then be indicated by the production of a 
black spot, 

6. Sugar does not absorb fluoride of boron in the cold, but on applying heat, the gas 
is absorbed, and the sugar is blackened. 

\ 7 • Cane-sugar is not directly fermentable, but when its dilute aqueous solution is 
mixed with yeast, and exposed to av^rm atmosphere, it is first resolved into a mixture 
of dextrose and laerulose (p.470), which then enter into fermentation, yielding alcohol 
and carbonic anhydride : 

OTT’O* « 2CO* + 2C 2 H*0. 

When equal weights of cane-sugar and glucose are dissolved in equal quantities of 
distilled water, and a very small quantity of yeast added to each, the glucose imme- 
diately begins to ferment, even at the mean temperature of summer (about 20°); but 
the cane-sugar remains unaltered for months, even at Z0 0 — 40°. To bring it to tho 
fermenting state, it is necessary to add seven or eight times the original quantity of 
yeast (H. Hose, J. pr. Cliem. xxiii. 393). The conversion of cane-sugar into inverted 
sugar is effected by the soluble ferment in yeast (analogous to diastase), and by the 
ferment contained in most fruits. >- 

Estimation of Cane-sugar : Saccharimetry. — If the solution contains nothing bnt 
cane-sugar, the specific gravity is observed, and the percentage of sugar determined 
therefrom (t id. inf.). If other substances which affect the density are likewise present, 
the quantity of cane-sugar may be determined : 

1. From the weight of carbonic anhydride formed in the vinous fermentation of the 
sugar, or from the quantity of alcohol thereby produced. According to older state- 
ments, 100 pts. cane-sugar yield (after deduction of 5*26 pts. water), 51*44 pts. car- 
bonic anhydride and 53*80 absolute alcohol ; according to Pasteur's direct determina- 
tion, 49*12 pts. carbonic anhydride and 51*01 absolute alcohol, tbe remaining portion 
of the sugar being consumed in the formation of glycerin and succinic ado. Bee 
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ii. 628; also Bui gnat's description of the process. (Ann. Ch. Phys. [3], IxL 
239.) 

2. From the weight of cuprous oxide which the sugar can reduce from potasslo- 
cupric tartrate, or from the Tolume of a standard solution of that salt decomposed by 
the sugar. ^ For this reaction, the cane-sugar must be previously heated with acids, to 
convert it into inverted sugar, which reduces the same quantity of cupric oxide as 
grape-sugar. (See Glucose, ii. 863.) 

3. From the Botaiory Power of the Solution. — If the solution contains only cane- 
sugar, or, at least, no other optically active substance, the amount of sugar may 
be calculated from the rotatory power in the manner described under Light 
(iii. 673). Turbid or gummy solutions are mixed with ^ their volume of isin- 
glass-solution ; then, after agitation, with 1 h vol. alcohol, whereupon tho mixture, 
without being heated, coagulates, and yields a filtrate adapted for observation. 
Coloured solutions are decolorised by animal charcoal ; but as this- substanco 
(according to some statements) takes up sugar, the first fourth of the liquid that runs 
through is rejected, and only tho remainder used for the observation. If, in addition 
to cane-sugar, tho solution contains grape-sugar, inverted sugar, or any other optically 
active substance, whose rotatary power is not altered by heating with acids, the 
amount of cane-sugar may be determined by observing the rotatory power of the 
solution, both before and after inversion, the temperature being likewise observed in 
the latter case. The first observation having been made, 100 c.c. of the solution are 
mixed with 10 c.c. fuming hydrochloric acid, the mixturo heated to 68°, and kept at 
that temperature for a quarter of an hour. Since the rotatory power of the solution 
cooled to the original temperature (supposing tho observation to have been made in a 
tube longer by one-tenth than the former), remains unaltered in so far as it was due 
to the glucose, wheroas the cane-sugar has been replaced by inverted sugar, the 
amount of cane-sugar may bo calculated from the rotatory power peculiar to this 
inverted sugar, as follows : — The rotatory power («) obsorved before inversion was 
made up of the molecular rotatoiy power (c) of the cane-sugar (£7), and that of the 
grape-sugar (p G) : therefore 

a = c C + g G. 

The rotatory power (a) observed after inversion is, in I ke manner, made up of the 
unaltered rotatory power of the grape-sugar (g G), and that of the inverted sugar (i C ) ; 
therefore : 

<£ - i C + g G. 


Consequently the difference, a — 
inversion, is equal to a G — f C\ 

a 

or, finally: 


a', of the rotations observed before and after 
— o' = C(c-i). 



c — \ 


Suppose, for example, a sugar-solution before inversion turns the plane of polarisation 
25*96° to the right, and after inversion, 5*80° to the right, at a temperature of 14°; 
then a « 25*96 and a ' — 5*80. Now, the molecular rotatory power of cane-sugar (c) 
is 73*8°, and that of inverted sugar is 25° at tho temperature of 15°: conse- 
quently, 

25 96 - 5-80 or c= .20a6_ fl . 20 
73-8 + 27 98-8 


which quantity, therefore, gives the number of parts by weight of cane-sugar contained 
in a unit of weight of the solution employed, or, when multiplied by 100, the percen* 
tag© of cane-sugar in the solution. 

Suppose another sugar-solution, before inversion, to turn the plane of polarisation 
9*36° to the right, and after inversion 10*80° to the left —10*80° to the right): 
in this case, a » 9*36; a* ■« —10*80, a — (£ = 9*36 + 10*80 =* 20*16, which 
number divided by 98 8 again gives 0*2, or 20 per cent, of cane-sugar in the solution. 

If, in both cases, the nature of the second optically active substanco present in addition 
to the cane-sugar is known, its quantity may be determined from the observations just 
described; if, on the other hand, its quantity is previously known, its nature may be 
determined. Thus, it might be inferred that grape-sugar was present, in the first case, 
besides the cane-sugar in the original solution, and inverted sugar in the second. This 
mode of proceeding, however, is admissible only when the deflection after inversion 
has been observed at a temperature for which the molecular rotatory power of the 
inverted sugar (which varies with the temperature) has been previously determined. 
(Biot, Oompt. rend. xv. 523, 619, and 694 .[3], xvii. 755. — Clerget, Ann. Ch. fltys. 
[3], xxvi. 175 ; Jahresb. 1849, p. 126.) 
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Compounds and Derivatives of Cane-sugar. 

I. W i t h Aci ds. — The compounds formed bj the action of acids on cane-sugar may 
be divided into two groups : 

a. Ethereal Compounds of Cane-sugar itself . — The only known compound belonging 
to this group is : 

Eitrosaccharosc, C t2 H l *(NO , ) 4 O n ?, produced by adding cane-sugar to a mix- 
ture of strong sulphuric and nitric acids. It is an amorphous mass, which detonates 
when struck. (Gm. xv.) 

0. Ethereal compounds of the glucoses, produced from cane-sugar by the action of 
acids. To this class belong the saccharides obtained by heating cane-sugar witli 
acetic, butyric, and stearic acid (ii. 855 ; v. 144). 

II. With Bases. (Pdligot, Ann. Ch. Pharm. xxx. 69, 92; Ixxx. 342. — Stein, 
ibid. xxx. 82. — Soubeiran, ibid, xliii. 125, 227. — Bert helot, Jahresb. 1856, 
p. 635): 

Potassium- and Sodium-compounds of cane-sugar, C^IF'KO 11 and C u H a, NaO n , are 
formed, us gelatinous precipitates, on mixing an alcoholic solution of cane-sugar with 
potash- or suda-Icy. 

A barium-compound , C ,2 JP tf Ba J ’0 ,, .H 5 0 or C ,a H sw O l, .Ba"O l is obtained, as a crystal- 
line precipitate, on adding hydrato or sulphide of barium to an aqueous solution of 
sugar. It may be crystallised from boiling water, but is insoluble in alcohol. 

Calcium-compounds . — Lime dissolves in sugar-water much more readily than in 
pure water. The solution has a hitler taste, and is completely but slowly precipitated 
by carlnmic acid. Thero are three or four of those compounds, which may be 
approximately represented by the following formula*: 

(1.) C , *H“*0 ,, .Ca"0. (3.) C ,2 ir"0 , '.2Ca' # 0.2H*0. 

(2.) 20II«0” 3CVO (?). (4.) C* a li* *0' 1 . 3Ca "O. 

The constitution of these compounds in not exactly known ; but a part, at least, of the 
citlcium probably replaces hydrogen in the sugar. 

The first compound, inonocalcic su crate, is soluble in water, and is obtained us 
a white precipitate on adding alcohol to a solution of calcic hydrate in sugar-water, 
not containing too much limo. — The compound (2) in formed when sugar-water is 
boiled with excess of calcic hydrate, and the filtrate is evaporated: it is probably a mix- 
ture of (1) and (3).— The compound (3) is precipitate^ by alcohol, from the liquid 
obtained by digesting sugar- water with excess of calcic hydrate.— The compound (4) 
is slightly soluble in wutcr, and separates, on heating a cold-digested solution of calcic 
hydrate in sugar-water, as an amorphous mass: hence solutions of lime in sugar-wator 
usually solidify to a pasty mass when boiled. 

Magnesia and lead-oxide are likewise dissolved by sugar- water. A crystalline lead- 
corn pound, C , *n , *Pb t O ,, l is obtained by boiling sugar-water with litharge, and 
leaving the filtrate to cool ; by mixing sugar-water with neutral load-acetate And 
ammonia ; or hy precipitating neutral lead-acetate with a solution of sugar-lime. 

III. With Salts.- a. With Chloride of Sodium, C«H«O ll .NaUl.— - This compound 
separates, in small deliquescent crystals, from a mixed solution of common salt and 
sugar. (P^ligot, Ann. Ch. Pharm. xxx. 71.) 

0. With Borax , 3C ia H«0'«.(Na*0.2B*0*).flH*0.— Borax dissolves in sugar-water 
more freely than in pure water, and the solution, when evaporated or precipitated with 
alcohol, yields this compound. 

Varasaeebarose. This is sn isomer of cane-sugar, produced, according to Jodin 
(Compt. rend. liii. 1252 ; lv. 720 : Jahresb. 1861, p. 722 ; 1862, p. 473), by spontaneous 
fermentation. An aqueous solution of cane-Bugar containing phosphate of ammonium 
left to itself in summer (between June 15 and September 16, 1861), yielded, under cir- 
cumstances not further specified, a crystallisable sugar isomeric with saccharose, together 
with an amorphous sugar having the composition of a glucose, both dextrorotatory. 
Parasaccharose, C ,2 H w 0", is very soluble in water, nearly insoluble in alcohol of 90 
per cent. Specific rotatory power at 10° - + 108°, appearing to increase a little with 
rise of temperature. It does not nielt.&t 100°, but becomes coloured, and appears to de- 
compose. It reduces an alkaline cupric solution, but only half as strongly as dextrose 
{1 at. parasaccharose « 5 at. CuO ; 1 at, dextrose ® 10 at. CuO). It is not perceptibly 
altered by dilute sulphuric acid, even at 100° ; hydrochloric acid weakens its rotatory 
power, turns the solution brown, and heightens its reducing power for cupric oxide. 

Parmgincose. This is the amorphous dextrorotatory sugar produced, together 
with parasaccharose, as above described. When dried at 15°, it has the composition 
It is hygroscopic, gives off half its water of crystallisation at 60° and the 
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whole At 1 00°, melting, and turning brown at the same^ime. Its specific rotatory power is 
about + 40 °. It reduces alkaline cupric solutions less strongly than glucose, and about 
as strongly as milk-sugar (1 at paraglucose ® 7 at. CuO). It is not "perceptibly 
altered by dilute acids, even with aid of heat, excepting that its rotatory power is dimi- 
nished to* about + 32°, and its reducing action is increased to about that of glucose. 
(Jodin.) 

SUGAR, INVERTED. The mixture of dextrose and laevulose in equal numbers 
of atoms, produced by the transformation of cane-sugar under the influence of acids 
(ii. 863). 

SUGAR OX” FRUITS. This term is applied especially to the uncrystallisable 
mixtures of dextrose and lasvulose contained in many fruits. Some fruits, however, 
contain crystallisable sugars — viz., dextrose, saccharose, or the two together (p. 468). 

SUGAR 03” LEAD. Neutral plumbic acetate (L 16). 

SUGAR- CAR DT. Cane-sugar crystallised by slow evaporation. 

SUGAR-CARS. Saccharum officinarum . — This important grass, which yields by 
far the larger quantity of the sugar at present consumed, thrives only in hot climates. 
It has been known in India and China 'from very early times, and its cultivation 
appears to have been introduced into the West Indies in the fifteenth century. There 
are several varieties of the cane. The longest, known is the creolo or common sugar- 
cane, which grows freely in every region between the tropics on a moist soil, and even at 
an elevation of 3,000 feet above the sea-lovol. A superior variety is the Otaheitan cane, 
which is stronger, taller, quicker in growth, and much more productive in sugar. The 
cane thrives best on a light rich soil, especially on one manured with nitrogenous refuse. 

The fresh cane contains, according to two analyses by Plligot and Dupuy : 


Water 

. 72*1 

72*0 

Sugar 

. 18*0 

17*8 

Woody fibre ) 

. 9*9 

f 9*8 

Salts j 

} 0*4 


100*0 

100*0 


The creole cane of Havanna has been analysed by Casaseca (Ann. Ch. Phys. 
[3] xxv. 321), with the following results : 

Cane Cane 

entire. peeled. Rind. 

Water . 77*0 77*8 69*5 

Sugar and other soluble substances . 12-0 16*2 11*6 

Woody substance . . . .11*0 6*0 19*0 

iobo looo loodT 

Casaseca finds that the juice is richer in sugar at the base of the cane, and becomos 
gradually poorer towards the top. 

The specific gravity of cane-juice varies from 1*046 to 1*110, but is generally from 
1*070 to 1*090, or from 10° to 13° Bin. It is opaque, frothy, and of a yellowish-green 
colour. On boiling, a green scum rises, and the liquid remains of a pale-yellow colour. 
The green scum (dried) consists, according to Arequin, of 50 per cent, of a peculiar wax 
called cerosie, 10*0 green matter, 22*7 albumin and woody fibre, 3*3 calcic phosphate, 
and 14*0 silica. The pure juice contains 81*0 per cent, water, 18*20 sugar, 0*46 or- 
ganic matter precipitated by lead-salts, and 0*35 saline matter. 

The ash of the cane contains, according to Stenhouse : 


BiO a . 

P*0\ 

SO*. 

CaO. 

M*0. 

K z O. 

Na a O. 

KCI. 

NaCl, 



46*46 

8*23 

4*65 

8*91 

4*50 

10*63 

. . 

7*41 

9*21 

BS 

100 

41*37 

4*59 

10*93 

9*11 

6*92 

15*99 

, . 

8-96 

2*13 

a* 

100 

46*48 

8*16 

7*52 

5*78 

15*61 

11*93 

0*57 

• • 

3*96 


100 

50*00 

6*56 

6*40 

6*09 

13*01 

13*69 

1 33 

• • 

3*92 

MR 

100 


The proportion of salts in the juice varies considerably with the soil on which the 
canes are grown. ( Ure's Dictionary of Arte, &c, iii, 808.) 

SUGAR-CANE, CHINESE. See Sobgho (p. 354). 

SVGAR-MAFLS. Acer saccharinum . — The stem of this tree, which grows wild 
in many parts of North America, yields a sugar identical with that of the cane. To 
obtain it, the trees are bored in the early spring, and the juice, collected in vessels sus- 
pended beneath, is boiled as quickly as possible to prevent fermentation. As soon as the 
syrup flows from the stirrer, in thick drops of the consistence of honey, it is strained 
through a wooden sieve, then left to stand for eight or ten hours, clarified with a 
little white of egg, boiled, skimmed, and quickly evaporated to the aystallisiug-point. 
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This name is applied by K Schulie (Zeitschr. CIu 
Pliarm. 1865, p. 73), to the compound ^ ^N\ produced by the action of am- 

monium -sulphide on chloracetamide, the corresponding acid, (GHS^O) { qi^ 

called sulphacotic acid ( monosulpkacetsaurs) ; but as this latter name has long been 
appropriated to the acid, C*H 4 0 4 .S0*, produced by the action of sulphuric anhydride 
on acetic acid, it is better to designate Schulze’s acid as thiodiaeetic acid, and the 
amide as thiodiacety 1-diamide, a name which expresses that the radicle, CWSO*, 
contained in it is derived from a double molecule of acetyl, C 4 H*0 4 , by the substitution 
of S" for H*. (See Thiodiacktic acid.) 

(C*W SO*)* i 

H* 5 


8ULPBACETZC ACZ2). 


C*H 4 SO* - C*H 4 O a .SO* 


jo* - 


(CHPO)") 

(SO)" f-O*. Glycolyl-sulphurous acid. Sidpho-cssigsdure. Essigschwefsaure. (Mel- 

H“ ) 

sens, Ann. Ch. Phys. [3], v. 392; x. 370.— Buckton and Hofmann, Cbem. Soc. 
Qu. J. ix. 247.) — This acid is produced: 1. By the action of sulphuric anhydride on 
acetic acid. Glacial acetic acid is gradually saturated with sulphuric anhydride, the 
liquid being cooled after each addition ; tho mixture is diluted with water, and neutra- 
lised with load-carbonate ; the filtered solution is evaporated to thccrystallising-point; 
and from the lead-salt thus obtained, the sulphacotic acid iB separated by sulphydric 
acid (Mel sens).— 2. By the action of fuming sulphuric acid on acetamide or acetoni- 
trile (Buckton and Hofmann) : 


CHPN + 

Acetonitrile. 


H 2 0 + 2 IPSO 4 - 


C'lPSO* 

Sulpliin rtic 
acid. 


+ NH\H.SO*. 


This is tho reaction which chiefly takes place when tho materials are gradually mixed, 
and the mixture is cooled from time to time; if, on tho other hand, tho temperature is 
allowed to rise, carbonic anhydride is evolved, and disulphometholic acid is produced, 
instead of sulpbacetic acid, according to tho equation : 

COT + 3H*S0 4 - CHW + NHMIJSO 4 + GO*. 

Sulphacotic acid forms deliquescent prisms, which melt at 02°, and decompose at 
200°. It is very soluble in water, forming an acid solution, which is not decomposed 
by boiling (Mo Isons). The acid, heated with fuming sulphuric acid or sulphuric 
anhydride, is converted into disulphometholic acid. (Buckton and Hofmann.) 

Sulphacotic acid is dibasic. Its salts are all soluble in water, the barium-salt being 
the least solublo ; they are insoluble in alcohol. Whon heated with strong sulphuric 
acid, they give off carbonic and sulphurous anhydrides. 

Sulphaeetatc of Potassium , C*H V K 2 80\IP0, is deposited from a hot solution on 
cooling, in small, hard, easily pulvcrisable crystals.— The barium-salt, when pure, forms 
small opaque crystals, C*H*Ba"SO*.fH' J 0, which give off a third of their water at 100°, 
and the whole at 250°. — The lead-salt, C*H v Pb"SO\ is deposited, sometimes in radiate 
groups of short transparent needles, sometimes in opaque nodules, which do not retain 
any water at 120°. — The silver-salt, C 2 IPAg-S0 4 , is deposited from a boiling saturated 
solution in small flat prisms, bevelled at the euds. In tho mother-liquor obtained in 
the preparation of this salt by saturating the acid with silver-oxide, Melsens found a 
salt containing CH 2 Ag 2 S 2 0 4 , doubtless disulphometholate of silver. 

(C*H*f 

8U1YHACSTTLZVZC ACXXK Acetschwe/sdure . C*H 4 SO a - (SO 4 )" 

H 4 

(Kam merer and Carius, Ann. Ch. Pharm. cxxxi. 165 ; Jahrosb. 1864, p. 326.) — • 
This acid, isomeric with sulphacotic acid, is produced by heating 1 at argentic sulphate 
(mixed with glass powder) with 2 st. chloride of acetyl to 120°, and treating the pro- 
duct with water : 

WJo. 4 2(C*H*0.Cl) - 2AgCl + [or (< {C§^ 






Argentic 


(SO*)' ) 
(C’H*)* VO* 
(C’H'OJ.H) 

Acetosulphurtc 

anhydride. 


H*0 


Acetoaulphurlc 
anhydride. 

(so*r ) 


(CPIPO). 


3H 


- (C‘H£jO« 4 C *g , °|o. 

Sulpbacetjr- Acetic 

lease odd. acid. 
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By neutralising the resulting solution with lead-carj^nate* decomposing the filtrate 
with flulphydric acid, and evaporating in a vacuum, the sulphacetylenic acid is obtained 
as a viscid liquid, which gradually decomposes into sulphuric and acetic acids. With 
pentachloride of phosphorus it first yields the chloride, G-'H*SO*Cl* (which boils at 
160°, and is resolved by water into hydrochloric and sulphacetylenic acid), and then, 
as final products, chloride of chloracetyl * and chldride of sulphury 1 ; 4 

S0 S (0 

Cm'iCl* 


C’H ! >0* + 2PC1* = 
H* i 


+ 2POC1’ + 2HC1. 


Sulphacety- 
Jenfc acid. 

S0 2 )0 
C 2 H 2 { Cl 2 

Sulph&cety- 
lenic chloi Ide. 


+ PCI 5 


Sulphacetyle- 
nic chloride. 

S0*C1* + C 2 H 2 CI0.C1 + PCI*. 


Chloride of 
tulphuryL 


Chloride of 
chloracetyl. 


By this behaviour, according to Kammem* and Curius, sulphacetylenic acid is distin- 
guished from sulphacetic acid : they do not, however, state distinctly in what manner 
the latter acid reacts with pentachloride of phosphorus. (Compare Sulphobenzyjlenio 
Acid.) 

' Sulphacetylenic acid is dibasic.— The potassium-salt, C 2 H 2 K?S0\H-0, is easily 
'Jrvnx 0 » n water ». an< * ciystallises in needles and short prisms. — The barium- salt, 
;C^ 2 Ba''S0 6 .H 2 0, is somewhat sparingly soluble, and crystallises in hard right rhombic 


■ WIPHAMBTHYIAJIE. Syn. with Methyuc Sulphamate (p, 477). 


SVWHAMXO ACID. NH s SO» = NIP( - S T ? 


r|0 - (s|)'jg.-Thi» 


pound, the amic acid of sulphuric acid, is not known in the free state, that is to say, 
as a hydrogen-salt; but the so-called anhydrous sulphate of ammonia, called “sulphat- 
amraon ” by H. Bose, “eulphamido” by Dumas, is probably its neutral ammonium- 
salt. 


Neutrai Sulphamate of Ammonium , N 2 H*SO a = 2NH , .SO a 


H* }w 
(so 


S Bose, Pogg. Ann. xxxii. 81 ; xlvii. 471 ; xlix. 183.)— This salt is produced when 
ammonia-gas is passed over a thin layer of sulphuric anhydride, care being taken 
to renew the surface frequently by scraping, as otherwise the lower portions will not 
be attacked by the ummonia. The product is a white crystalline powder, having a 
bitter taste, and perfectly neutral if it duos not contain either free ammonia or free 
sulphuric anhydride. It is permanent in the air, dissolves without sensible decompo- 
sition, in 9 pts. of water, and is insoluble in alcohol. The dry salt is decomposed by 
heat, giving off ammonia and sulphurous anhydride, and leaving a residue of sulphate 
of ammonium. Platinic chloride added to the aqueous solution, throws down half tho 
nitrogen ns ammonium-chloroplatinate. The caustic alkalis and their carl>onates* 
decompose the salt, oven in the cold, with evolution of ammonia. The aqueous 
solution is clouded, by chloride of barium, the precipitate gradually increasing on 
standing, and especially if the liquid be heated ; but the precipitation is never complete. 
Dot more than half the sulphur being sepurated as sulphate of barium. 

The aqueous solution, evaporated over oil of vitriol in a vacuum, yields transparent, 
colourless, hemihedrol crystals, _ belonging to the quadratic system. These crystals 
have exactly the same composition as the original pulverulent salt, and were therefore 
designated bv Rose as parasulphatammon. They doubtless consist of the pure 
neutral sulphamate of ammonium, quite free from adhering sulphuric acid. They 
dissolve in water more easily than the original salt, forming a perfectly neutral 
solution, which reacts in the same manner with platinic chloride, but gives no precipi- 
tate with chloride of barium, except, after prolonged boiling. 

The mother-liquor of parasulphatammon yields, by further evaporation, a hydrated 
salt, 2N a H - S0*.H*0, in indistinct deliquescent crystals, very soluble in water, and 
exhibiting signs of decomposition, as their solution is faintly acid, and immediately 
gives a slight precipitate With chloride of barium. 

AcidSufp hem ateof Ammonium, N 2 H*SO*.NH , SO*. — Produced, simultaneously 
with the neutnl salt, as a hard vitreous mass, which deliquesces rapidly in the air, 

.. " ,T b ® chlorldaofchToracftyl l« converted, bv exceu of pboiphorlc pentachloride. Into a colourlesa 
liquid, probably C*H*C1«, not decompoilblo by poU«h-lejr, but rooked by water at 150° Into hydro 
chloric and inonochloracetic acid. 



SULPHASilC ETflftfcs. 


477 


tod dinolves in Tttitcr vith a hissing noise (H. Hose). According to Worosin 
(R6p. Chim. pore, ii. 452), an aqueous solution of the neutral aulphtunats left to 
evaporate in the air, yields an abundant crystallisation of the acid sulpha mate. Its 
solution is not precipitated by chloride of barium, excepting after neutralisation with 
ammonia {infra). 

Sulphamate of Barium. — When a solution of ths neutral ammonium-salt is 
mixed with an exactly equivalent quantity of baryta-water, tunmouia is evolved, 
and the filtered liquid yields crystals of an easily soluble barium-salt. 

The precipitate formed by chloride of barium in a solution of the acid ammonium- 
salt mixed with ammonia, consists of u basic sulphamate of barium , which, when 
treated with the proper quantity of sulphuric acid, yields a precipitate of barium- 

| ff* 

sulphate and a solution of neutral barium-sulphainate, N*H l Ba"S’ i O* «= (SO*)* 

Ba "J 

This salt forms well-developed crystals, sparingly soluble in cold water, and is 
decomposed by hot water, with formation of bari mn-sulplmte. (Woronin.) 

Sulphamate of Potassium, obtained by decomposing the barium-salt with sulphate 
of potassium, forms small transparent, crystals ; on addition of barium-chloride and 
ammonia to its solution, it is converted into basic sulphamate of barium. (Woro- 
nin.) 

StJLPBAMZC 8THBE8. Mcthylic Sulpha mate , or Sulpha methtflan*, 

CH*NSO* = (SO*)")-^. . — This compound, which has the composition of anhydrosuU. 

phato of methylamine, is formed by dissolving methodic sulphate in aqueous ammonia, 
and crystallises, by evaporation in a vacuum, in large, very duliquescont eiya- 
talfl. 

Phenyliulpbamlo or Bulpbanlllc Add, C”Il 7 NSO* « (SO'V'>q or 

NH(C II )(SO (Qorhardt, J. Pliarm. [3], x. 5. — Buck ton and Hofmann, 

Chem. Soc. Qu. J. ix. 259. — It. Schmitt, Ann. Ch. Pharm. cxx. 129.) — This acid, 
isomeric with amidosulphobenzolic arid, C*H i (NH , )SO s r is formed by the action of 
sulphuric acid on aniline, or on oxanilido (phenyloxnmide) : 

C?H*(CW)*N*0* + 2H 2 S0 4 - 2CIHNSO* + CO + CO* + 11*0. 

Oxanilule. Sulph.milic 

aid. 


Preparation. — 1. From the mixture of oxanilido and formanilido obtained by heat- 
ing oxalate of aniline (iv. 427). This mixture is made up into a thick paste with 
strong sulphuric acid, and gently heated as long us effervesce rice continues; then 
exposed to moist air in a shallow dish, till it solidifies to a crystalline pulp of sulpha- 
nilic acid, which may be purified by -washing with cold, and rccrystallising from 
boiling water (Gerhardt). — 2. By dissolving aniline in a slight excess of sulphuric 
acid, evaporating to dryness, and heating the residue with constant agitation, as long 
us vapours of aniline (?) continue to escape. The product is purified as before (Ger- 
hardt). — Schmitt mixes 1 pt. of aniline by drops with 2 pta. of fuming sulphuric 
acid in a porcelain dish, heats the brown syrupy liquid till it becomes dark-brown 
and gives off a largo quantity of sulphurous anhydride ; and pours the thick syrup 
when cold into cold water: the sulphanilic acid then separates as a black crystalline 
mass, which may be purified by repeated recrystiillisation from hot water, with 
addition of animal charcoal. This, according to Schmitt, is the best raodo of preparing 
sulphanilic acid : Gerhardt, on the other hand, preferred the preparation from oxani- 
lide. 

Sulphanilic Acid : — Laurent (Compt. rend. xxxi. 538) obtained an acid, having 
the composition of sulphanilic acid, by treating n itrosul phoben zoa te of ammonium with 
sulphydric acid. Kolbe (Ann. Ch. Fharm. cxiii. 318) suggested that the acid thtft 
obtained was not identical, but only isomeric, with Gerhard t’s sulphanilic acid ; and 
this supposition has been corroborated by Schmitt, who has pointed out several 
differences in the characters of the two acids and their salts (infra). K c k u 1 6 
(IjthrbucK, ii. 005) regards it as probable that Laurent’s acid is the true phenyl sul- 
phamic or sulphanilic acid, and that the acid produced by the action of sulphuric acid 
on aniline or oxanilido is amidosolphobenzolic acid. Till this question is satisfac- 
torily decided, it may be convenient to designate Laurent’s acid as ^sulphanilic acid. 
Schmitt prepares this add by mixing 1 pt. of nitrobcnzol with 6 6r 6 pts. of fuming 
sulphuric acid, leaving the mixture for several days in a warm place, and shaking 
it frequently till all the nitrobenzol has disappeared. The viscid mass is then 
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neutralised with carbonate of load ; the colourless solution of plumbic mtrosulphoben- 
zolate, obtained by boiling aud filtering the liquid, is decomposed by sulphydric acid; 
the liquid, Altered from lead-sulphide, is neutralised with carbonate of barium ; and 
the resulting barium-salt (which separates in warty crystals) is dissolved in a large 
quantity of water, and mixed with a large excess of baryta. Sulphydric acid gas is 
then passed into the liquid, till the taste of the nitro-acid is completely removed ; and 
the liquid, filtered from hyposulphite of barium, is again treated with sulphydric acid. 
The filtered solution of the barium-salt, treated with an exactly equivalent quantity of 
sulphuric acid, yields the aqueous ^-sulphanilic acid, which may be obtained in crys- 
tals by evaporation. 

Properties. — Sulphanilic acid (from aniline or oxanilide) crystallises from hot water 
in shining rhombic plates, containing, according to Schmitt, C 8 H 7 NS0\1F0. It is 
slightly soluble in cold water, 1 pt. [of the anhydrous or hydrated acid ?] dissolving 
in 128 pts, of ice-cold water, and in 112 pts. at 15° (Schmitt); still less soluble in 
alcohol (G-erh a rdt), insoluble in alcohol and in ether (Schmitt). From a concen- 
trated solution of a sulphanilate, it is precipitated by acids in slender needles. 

The crystals give off their water partially on exposure to the air, completely at 100°; 
the effloresced acid, if exposed for some time to this temperature, assumes a brownish 
colour, but may be heated to 220° without decomposing. At higher temperatures it 
decomposes, leaving a carbonaceous residue, and giving off sulphurous anhydride; also, 
if distilled in a retort, sulphite of aniline, which crystallises in the receiver. Heated 
with a solid caustic alkali, or with potash-lime, it gives off aniline and leaves an 
alkaline sulphate. Heated with strong nitric acid , it evolves a large quantity of gas, 
and forms a deep red liquid, but no crystals (Gerhardt). Its aqueous solution is 
coloured red-brown, without precipitation, by chromic acid. Chlorine-water colours it 
pale-crimson, gradually changing to red-brown (Gorhardt). According to Schmitt, 
the aqueous solution is not altered either by chlorine or by iodine. Bromine , added 
even to a dilute solution of the acid, renders it milky,* and throws down after awhile a 
white curdy precipitate (Gerhardt). From a hot solution it throws down white 
interlaced needles of tri bromaniline : 

C 8 H T NSO B + Bri « OTFBriN + SO* + SHBr. 

Sulphanilic Tribromani- 

. acid. line. 

If only 4 at. bromine be added, dibromosulphanilic acid, C 8 H # Br*NSO s , is 
likewise formed, and remains dissolved (Schmitt, p. 479). — With nitrous acid t it 
forms diazosulphobenzoli c acid (Schmitt) : 

20*H T NS0* + N 2 0* - 2C 8 H 4 N»SO* + 3H*0. 

Sulphanilio DJaioaulpho- 

acid. bensolic add. 

0-Sulphanilic acid crystallises from its aqueous solution by evaporation in long 
pointed crystals, which contain 2C 8 H 7 NSO a .3HX), give off their water partially at 
ordinary temperatures, completely at 1 00°, and becoming white and opaque. It is in- 
soluble in ether and alcohol, easily soluble in hot water. With bromine it behaves 
somewhat differently from sulphanilic acid, inasmuch as, though its concentrated 
solutions are rendered turbid by bromine, the liquid filtered therefrom does not 
give any precipitate with chloride of barium, as is the case with that obtained in like 
manner from sulphanilic acid (p. 479). 

SulphanilateB. — Sulphanilic acid is a strong acid, and decomposes carbonates 
with effervescence. Its salts are soluble aud crystallisable ; their solutions give, with 
chromic acid and bromine-water, the same reactions as the free acid. The /3-sul- 
phanilates differ from the sulphanilates in crystalline form. (Schmitt.) 

Sulphanilate of Ammonium , C 8 H*(NH 4 )NSO*, is very soluble, and crystallises by 
spontaneous evaporation, in shining rectangular plates. — The aniline-salt is very 
soluble. — The barium-salt forms rectangular prisms, moderately soluble in water. — 
The cupric salt , C ,a H , *Cu"N , S 2 0 # .4H , 0, forms small truncated prisms of a very dark 
green colour, which retain their water at 100°. — The stiver-salt crystallises in shining 
scales.— -The sodium-salt , C 8 H a NaNS0 s .H*0, crystallises from aqueous solution by 
spontaneous evaporation, iu fine octagonal plates, insoluble in ether, but soluble in 
filing alcohol, whence it crystallises in irhite needles. 

Dibromosulphanilic Acid, C a H 4 Br*NSO* (Schmitt, loc. cit.). — Produced when 
4 at bromine are added to a hot solution of 1 at. sulphanilic acid : 

C*H 7 NSO* + Br 4 - C*H*Br*NSO* + 2HBr. 

It remains in solution ; is separated by filtration from the fribromaniline formed at 
the same time (p. 478) ; precipitated as a barium-salt by addition of barium-chloride ; 
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and from this salt, purified by r ecrye tall isat ion, the dibromosulph&uUio acid is sepa- 
rated by sulphuric acid. 

Dibramosulphanilic acid crystallises from aqueous solution in large colourless 
prisms, which contain 2 C i lPBr*NSO * .3H*0 , and give off their water of crystallisa- 
tion gradually at ordinary temperatures, more quickly at 110°, becoming dull and 
opaque. It dissolves readily in voter, whether hot or cold ; sparingly in cold, more 
easily in hot alcohol. The concentrated aqueous solution, mixed with a small 
quantity of oil of vitriol, immediately yields tho pure acid, in the form of a network of 
needles. The aqueous solution has a very sour and cooling taste : it fpves a crystalline 
precipitate with chloride of barium, acetate of lead, and nitrate of silver . A concen- 
trated solution warmed with nine, gives off hydrogen, forming a zinc-salt, which 
separates out. Tho dehydrated acid boars a heat of 180° without alteration, 
but decomposes at a somewhat higher temperature, yielding tribromnniline and sul- 
phurous anhydride, and leaving a difficultly combustible charcoal. It also gives off 
tribromaniline (not dibromaniline, as might be expected) when heated with potash or 
slaked lime. The aqueous solution is coloured brown by chlorine, and on heating the 
liquid, a pungent oil separates out. — Nitrous arid passed into the aqueous solution 
converts the acid into diazo-dibromoBulphobenzolicacid, C < H 5t Br , N iI SO*. 

The di bromosulphanilates crystallise in noodles, and are more or less solublo 
in water. — The barium-salt, C i: H"Ba'71r 4 N*S r ‘ ! (>*.2II*0, prepared as above, gives off its 
water at 110° without alteration of appearance, anil does not decompose till very 
strongly heated.— The lead-salt , C , *H , lM>"Br l N*S a O - .2H 2 O l is permanent in the air, 
and gives off its water at 110°. — The silver -salt, C*H 4 AgBr*NSO* forms somewhat 
reddish noodles. — The potassium- and sodium-salts , obtained by decomposing the 
correspond'ng carbonates with tho aqueous acid, are sparingly soluble in alcohol, and 
separate in noodles on addition of alcohol to their aqueous solutions. — Tho einc-salt is 
obtained, as abovo mentioned, by the action of tho acid on metallic zinc. 

OTP) 

PheayltUinlplismic or Dlsulphanlllo Acid, C"H 7 NS*0" » (SO 2 )" O 1 ’ 

H*l 


(Buck ton nnd Hofmann, Chom. Soc. Qu. J. ix.— Carius, Zeitschr. Cfc. Pharm. 
1861, p. 632; Jahresb. 1861, p. 634.) — Two acids having this composition have been 
obtained, viz. — a. By heating sulphanilic. ac d (p. 477) with fuming sulphuric acid to 
160^ or 170°, for six or seven hours, till it assumes the consistence of treacle. On 
dissolving the syrupy residue in water, saturating with carbonate of barium, and 
t^porating the filtrate, a barium-salt is obtained, which after repeated solution in 
water, and evaporation under reduced pressure, remains as a mass of microscopic 
crystals, having, when dried at 190° — 200°, the composition, C*HM5a"NS :t O , t showing 
that the acid is dibasic. From tho lead-salt, prepared in a similar manner, the free 
acid, OIFNSK) - , may bo separated by tho action of sulphydric acid. It has a very 
acid and pungent taste, is very difficult to crystallise, and is insoluble in alcohol, 
which precipitates it from strong solutions in white grains, especially on addition of a 
little ether. — The silver-salt, C - H\Ag*NS 2 0 B , prepared by neutralising the aqueous 
acid with carbonate of silver, crystallises from aqueous solution in small plates, and is 
precipitated by ether-alcohol in colourless crystalline grains. (Buckton and Hof- 
mann.) 

fi- By the action of ammonium-sulphite on nitrobenzol (Carius): 

OH* NO* + 3(NH«)W - OH^NH^NS’O* + (NH«) 2 SO« + H a O + 2NH*. 

Nttrnben- £-Di*ulph*uil'ttt« of Sulphate 

*ol« - Ammonium. of Ammo- 

nium. 


When 1 at. nitrobenzol and 3 at. neutral sulphite of ammonium are boiled together 
in dilute alcoholic solution, for six or eight hours, in such a manner that the condensed 
vapours may flow back again, and the resulting solution is evaporated, sulphate of 
ammonium separates out first, then laminar crystals of /3-disulphanilate oi ammo- 
nium, which are difficult to purify. It is best, therefore, to convert this salt, by 
treatment with baryta, into the barium-salt , C*H ft Ba w NS 1 0*. This salt is easily 
soluble in water, insoluble in absolute alcohol, and crystallises in colourless prisms* 
It may be boiled, without decomposition, in neutral or alkaline solutions, as also may 
the other salts of thesarae acid; but on attempting to separate tho /9-disulphanilio 
acid from them, it splits up, by assumption of 1 at. water, into aniline and s tuphario 
aci£: 

OTTNSPO* + 211*0 - OTTN + 2H*S0 4 . 

This decomposition, and the dissimilarity of the barium-salts of the two adds just 
described, shows that these adds are not identical, but only isomeric. The latter. 



from its mode of formation, and the mode of decomposition just mentioned, is probably 


whereas the former, resulting from the 


Pnenyiaisulpbodlamlo Add, C 8 H*N 2 S 2 0* 


cfc- 


-Dithiobenzolic 


the true phenyldisulphamic acid , {qqJ„ I 

H*j 

action of sulphuric acid upon aniline (amidobenzol), may rather be regarded as amido- 
disulphobenzolic acid, C s H A (NH*)S 2 O d . 

(cmy 

(SO*) 2 
H 2 3 

Acid. (Hilkenkamp, Ann, Ch. Pharm, xcy. 86; Jahresb. 1866, p. 636.) — Produced 
as an ammonium-salt, by the action of sulphite of ammonium on nitrobenzol, probably 
containing dinitrobenzol : 

C 8 H 4 (N0 2 )* + 6(NH 4 )*SO* = C«H 8 (NH 4 ) 2 N 2 S 2 0* + 4(NH 4 )=S0 4 + 2NH* 

The materials (80 grms, nitrobenzol, 340 grms. dry sulphite of ammonium, and 1 litre 
of anhydrous alcohol, together with a little carbonate of ammonium, to keep the mix* 
ture alkaline) were cohobated for several hours; and the liquid decanted from the 
sulphate of ammonium, which separated, was evaporated to an oily consistence ; it then 
deposited a large quantity of white lamina* (doubtless consisting of phenyldisulpham- 
ate of ammonium! together with a small quantity of hard slender needles, consisting 
of the phenyldisulphodiamate, C 8 H 6 (1S'H 4 ) 2 N 2 S 2 0 6 . This suit is very soluble in water 
and in aqueous alcohol, sparingly soluble in absolute alcohol, insoluble in ether; when 
heated it chars, swells up, and emits the odour of sulphurous acid. Its aqueous 
solution is slightly acid. 

All the phenyldisulphodiamates are easily soluble. The barium-salt , 
C 8 H*Ba w N 2 S 2 0 8 , obtained by decomposing the ammonium-salt with baryta- water, 
forms crystalline crusts, insoluble in alcohol and ether. 

C 7 IP 

Bensy-ldlsulphamlc Add. C 7 IPNS 2 O fl -»■ (SO*' 

H* ‘ 

Thiotolttolsaure. Disulfiiryl-toluyhaure . (Hilkenkamp, loc. cit. — C a ri u s, Zeitschr. 
Ch, Pharm. 1861, p. 632; Jahresb. 1861, p. 634.) — Obtained in the same manner as 
phenyldisulphamic acid, by the action of ammonium-sulphite on nitrobonzylene (nitro- 
toluol). According to Hilkenkamp, the ammonium-salt , which is the direct product of 
the reaction, has the composition C 7 II g (NH 4 )NS*0 4 ; and the potassium-salt , obtained 
by decomposing it with potash, contains C 7 H H KNS*O d ; which would imply either that 
the acid is monobasic, or that these are acid salts. According to Carius, the bariu?n - 
salt, obtained by decomposing the ammonium-salt with baryta- water, has the composi- 
tion C T H*Ba"NS 2 0 8 , showing that the acid is dibasic, like phenyldisulphamic acid. 
The other benzyldisulphamatcs resemble the corresponding phenyl-compounds (p. 479), 
and the acid, when separated from them, splits up in like manner into sulphuric acid 
and benzylamine. (Carius.) 

CH" )N 

Ovunenyldlaalphamio Acid. G 9 H I8 NS*0 8 = (SO 2 )* y nx - Disu/fur yl-cumenyl- 

H 2 ) u 

saure. (Carius, loc. cit .). — Prepared in like manner from nitrocumol. The salts 
are similar to the phenyldisulplmmateB, the barium-salt having the composition 
C®H ,l Ba M NS*0 J I and the acid separated from it is resolved in like manner into sulphu- 
ric acid and cumenylamine. 


Rs 


q 2 . Tolyldisulphamic Acid. 


8VLVHAMIOB. N 2 .— According to Rognault (Ann. Ch. Phys. [2] 

lxxix. 170), this body is produced, together with sal-ammo dAc, when dry ammonia-gas 
is passed over sulphuric chloride, SO*Cl* ; but, according to H. Rose, the product thus 
formed is a mixture of sal-ammoniac and neutral sulphamate of ammonium (sulpha- 
tammon). 


8VLPHAMZD ZO ACZ3>. See Suxjphazotisbd Acids (p. 482). 

nanUHISOBnUKin. C’H'N*S- C ^ , 4 S )"|n». (Hofmann, Proc.Roy. 

Soc. x. 598.) — This base, metameric with phenylsulphoc&rbamide, [(CS)"( C*H S )H , ]N 2 
(i. 758), and analogous to Chancel’s oxybenzodi amide (i. 765), is produced by 
the action of ammonium-sulphide on nitrobenzonitrile, C 7 H 4 (NO v )N. When this 
compound is boiled with an aqueous solution of ammonium-sulphide, a large quantity 
pf sulphur separates at first ; and on evaporating the liquid, a yellowish oil is deposited, 
which solidifies bnt imperfectly, and is difficult to purify. This oil is a weak 4 base, 
having the composition of amidobeuzonkrile, C 7 H 4 N* ■* C 7 H 4 (NH*)N $ and -by 
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prolonged contact with ammonium-sulphide, it is gradually converted into sulphamido- 
Demamme : 

0 T H 4 (N0 , )N + 3H*S - 2H*0 + 8* + CW. 

Mltrobenso* Amidohenvo- 

nitrile. nitrile. 

and C T H*N* + ' H*S - C J IPN , S. 

Amklnbenzo- Sutphamido- 

nitrile. bensamine. 

Sulphamidobenzamine is very soluble in alcohol and in ether, and crystallises from hot 
water in white shining needles. It dissolves easily in acids, and is precipitated 
therefrom by potash and ammonia. It forms a crystallisable hydrochlorate and an 
orange-yellow crystalline chloroplatinatc. 

BTTLPBAMZDOCHlOBOBXiriOZC ACZB. C : H«Cl(NH 1 )SO*.--When chlor- 
amidobenzoic ncid, C 7 H*Cl(N.H a )0* (obtained by the action of potassium-cyanide on 
ethylic chlorobenzoate), is treated with strong sulphuric acid, and the diluted solution 
is boiled with barium-carbonate, s ulph amidocli lorobenzoate of barium, 
C 7 H*Ba"Cl(NIF)SO*, is produced, and separates from the solution in nodular groups 
of crystals. (D. Cunze and H. Hubnor, Aim. l-Ji. I'lmrm. cxut. 106; J&hresb. 
1865, p. 330.) 

StTLPBAMXBOirZC ACXO. A syrupy deliquescent acid, produced by tritu- 
rating starch with strong sulphuric acid. Its salts are all amorphous, deliquescent, 
easily soluble in water, and very unstable, so that their composition is difficult to 
determine. The calcium-salt appears to contain C ?4 H 4e Ca"0*\2S0*. (Om., xv. 104. 

— Gorbardt, ii. 649.) 

flULPHAMMOir. Syn. with Sulphatamxox. 
flUXPBAMMOVZC ACTS. See Sulphazotised Acids (p. 482). 
SVLPBAMTXiZC ACTS. See Sulphuric Ethers. 

BULPHAH. A name proposed by Graham for the radicle SO*. 

BVlPBAVaTBZC or BVLPBAVBTBOUC ACZB. An acid produced by 

the action of strong sulphuric acid on anise-camphor (i. 207). Its soluble salts colour 
ferric solutions .deep violet, almost black. Tho barium-salt appears to have the compo- 
sition Bft"0.2(C , *ll li 0.S0 a ). (Gerhardt, J. pr. Chom. xxxvj. 267.) 

BVLPBAVILXC ACZB. See Sulphamic Acid (p. 477). 

BmUPBAirzSZC ACZB. Sec Anisic Acid (i. 303). 

SinLPHAlSIBOZ.ZC ACZB. C T H"S0 4 . ) Products formed by the action of sul- 
8BLPEAHZBOLIDI. C ,4 H ,4 S0 4 . $ phuric acid on anisol (i. 306). 


BVLPBAirrZMONATXfl. 
8ULPH AVTZKOITXTBB . 


See AHiUtomr, Sulphides of (i. 334, 335). 


lULPBABglVATBB. 


See Arsenic, Sulphides of (i. 388, 391). 


BVXiPBABBXB. Syn. with Sulphide of Cacodyl (i. 409). 

ftV&PBASATBTBI or BVIP8ABATTBI. Syn. with Sulphisatydr. 
Imatydk, iii. 411.) 

BV1PBATAMKOV. Neutral sulpbamate of ammonium. 
BV1PBATBB. See Sut.phub, Oxygen-acids of. 

BVLPBATOZTOBV. Syn. with Sulphan. 


(See 


■ULPBAXAUC, BVLPHAZXDZO, BVUBAUUO, BXXP BAZUTOtTB , 
and BBliPHAIXIIZC AC IBB. See Sulphazotised Acids. 

mPBAXOianm, BTDBXBa OF. Thwbenzaldin. C«H ,# NS»?— A 
product of the action of ammonia on hydride of thiobenzyl or sulphide of stilbene 
(L 671): 

3CTFS + NH # - C^H^NS* + H*S. 

On mixing 1 vol. bitter-almond oil dissolved in 4 or 5 vole, ether with 1 vol. ammonium- 
sulphide, and leaving the ether to evaporate in a shallow vessel, the compound sepa- # 
rates in large crystals, which melt at 123°, dissolve in 20 to 30 pts. of ether, and are 
Vol. V. II 
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decomposed by boiling alcohol, with evolution of sulphydric acid. (Laurent, Ann. 
Ch. Phja. [3] xxrri. 342.) 

IVIPBAKOTXISB 4CXOB. (FrSmy, Ann. Ch. Phys. [3] xv. 408; Handw. 
vii. 679.) — A series of acids, the potassium-salts of which are formed by the action of 
sulphurous anhydride upon a solution of potassium-nitrite containing a large excess of 
free alkali. Sulphurous anhydride combines with the elements of potassium-nitrite and 
water in several proportions, forming compounds which ciystallise readily, and in which 
neither sulphurous nor nitrous acid can be detected by the usual tests. The solutions of 
these salts form, with salts of barium, precipitates containing the corresponding acids. 
These compounds are all decomposed by boiling their solutions, ammonia and sulphuric 
acid being found among the products ; some of them even experience a similar decomposi- 
tion at ordinary temperatures. 

The derivation of some of these salts from potash, water, sulphurous and nitrous 
anhydrides, may be represented by the following formulae : 

Sulphazite of potassium, 3K 2 0.S S, H 8 N*0‘ 3 « 3K*0 + N 2 0 8 + 3SO* + 3H 2 0 

Sulphazato H 8K'0.S 4 H*N*0" - 3K 9 0 + N 8 0 8 + 4SO® + 311-0 

Sulphazotate „ 3K*0.S S H«N 2 0" = 3K 2 0 + N J O s + 6S0 2 + 3H 2 0 

Sulphammonate „ 4K 2 0.S"H*N-0« - 4K 2 0 + N 2 O s + 8SO* + 3H-0 

Sufphammonatc of Potassium is formed by mixing the strong solutions of nitrite and 
sulphite of potassium ; it is then deposited in beautiful silky needles. — The sulphazate 
is formed by the action of sulphurous anhydride on nitrite of potassium in alkaline 
solution; the sulphazite by the action of water on the sulphurate ; the sulphazotate 
separates in lai^e rbombohedral crystals, on evaporating an aqueous solution of the 
sulphnzato. Neither of these acids cHn exist in the free state, i. e. as hydrogen-salts. 

Fr6my also describes : — Metasufph azotate of potassium, 3K*0.*S"H # N*0**, formed, 
together with the sulphazotate, by the action of sulphurous anhydride on nitrite of 
potassium: acid not isolated. — Sulphazilite , K 2 O.S 2 HNO, produced by the action 
of silver-oxide in the cold on a solution of the neutral sulphazotate : acid not isolate. — 
Metasulphacilite , 3K*0.S fl H 8 N 2 0 M , formed in like manner at the boiling heat — Sulpha- 
jnidate, K*O.S 2 H*NO s , formed from the sulphammonate by tho action of water : acid 
not isolated. — Sul phazidic acid, 2H 2 0.S , H*N*0 T , is obtained by decomposing the barium- 
salt (the mode of preparation of which is not given) with an equivalent quantity of 
sulphuric arid. By saturating it with potash, the potassium-salt, 2K*0,S 2 H 8 N a 0 7 , is 
obtained in regular six-sided laminae. 

BV2.PHSSAT7D2. Syn. with Disulpiiisatyok (iii. 412). 

SUliPHXDXB and BVIPHTDRATBS, The term sulphide (formerly sul- 
phuret\ in its widest sense, includes all compounds in which sulphur forms the elec- 
tronegative constituent Sulphur unites in this way with all the metals, with most of 
the uon-metalLic elements, and with many organic radicles. The sulphides are, for the 
most part, analogous in composition to the oxides, and, like the latter, may bo divided 
into acid and basic sulphides, or sulphur-acids anil sulphur-bases, which are capable of 
uniting together and forming sulphur-salts. To the class of acid sulphides belong the 
sulphides of the non -metallic elements, and those metallic sulphides which are soluble 
in sulphide of ammonium — vie., the sulphides of antimony, arsenic, tin, molybdenum, 
tungsten, vanadium, gold, and platinum ; the other metallic sulphides and the sulphides 
of the alcohol-radicles are l>asic. 

Metallic Sulphides. — P recisely as we have oxides and hydrates formed on 
the type of one or more atoms of water, so we have sulphides and sulphydrates 
derived from one or more atoms of sulphydric acid. The more or less basylous 
sulphides, like their corresponding oxides, may be divided into three principal classes, 
monatomic, diatomic, and triatoraic, formed respectively on the types of one, two, 
and three atoms of sulphydric acid. The first class includes hemisulphides and proto- 
sulphides, with the corresponding sulphydrates. Hemisulphide of nickel, Ni*S, sul- 
phide of sine, Zn"S, and sulphyarate of sodium, HNaS, may be taken as examples. 
The second class includes disulphides and diBulphydrates. Disulphide of platinum, 
Pt Jr S* and sulphvdrate of barium, Ba'TPS* may be taken as examples. The third 
dasB includes the trisulphidea with their corresponding sulphydrates, such as 
trisulphide of bismuth, Bi*$', and tri sulphide of chromium, Cr*S*. It is 
observable that while the tri oxides constitute a most important class of oxides, 
the trisulphides are a very unimportant class of sulphides. As a rule, they do not 
occur native, are scarcely salifiable, and do nqt result from the ordinary analytical 
processes which produce the other metallic sulphides with such facility. 

The sulphides differ much from one another in the rapidity and completeness with 
which they are decomposed by acids. When finely pulverised, they are all decomposed 
more or less perfectly by hydrochloric arid gas, but some of them are attacked very 
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•lowly by the boiling liquid add. All salifiable sulphides, however, behave like their 
corresponding oxides, when decomposed by hydrochloric acid, and yield one atom of 
sulphydric acid ibr every atom of sulphur in the sulphide, thus : 

Fe"S + 2HC1 «= H^S + Fo"Cl*. 

^u*S* + 4HC1 - 2B J S + 2Sn"Cl a . 

Sb*S* + 6HCI = 3H»S + 2Sb"'Cl*. 

With reference to the distinction between sulphides and sulphydratos, it may bo 
observed that the anlphydrates of the basylons metals — lithium, sodium, potassium, 
calcium, strontium, barium, and magnesium are well-defined compounds, which dissolve 
in water, forming colourless solutions. The solutions of the snlpliyd rates of magnesium 
and calcium are decomposed by ebullition, with evolution of sulphydric acid, thus : 
Mg'TPS* + 2H 2 0 -=■ Mg*TI*0* + 2H*S. But the other sulphydrate solutions may 
be evaporated down, whereby they yield colourless transparent crystals of their 
respective sulpliydr&tcs. These basyloua sulphydratos are usually made by saturating 
their corresponding hydrates with sulphydric acid gas. The dry alkaline sulphydratos, 
when heated to redness out of contact with air. are decomposed into sulphydric acid 
and metallic sulphide : BaTPS* = IPS + IhTS; but the sulphydratos of potassium 
and sodium require a very strong heat to effect their decomposition. Tin* sulphides of 
the acid-forming metals also appear to form definite sulphydratos, corresponding to 
their respective oxygen-acids ; but the nature of those compounds, and still more of the 
sulphydrates of the intermediate metals, is not well established. It is not clear, for 
instance, whether the so-called hvdrated sulphide of zinc consists of or 

Zn"S.H 2 0, or Zn"H 2 S*.Zu"IPO ir . *Tho hydrated sulphides of tho ferric uud plumbic 
families seem indeed not to bo sulphydrates ; for when soluble salts of the metals of 
these families are added to solutions of alkaline sulphydrates, sulphydric acid is 
evolved : 

Fe"SO« + IPO + 2KHS ~ K’SO« + Fo'S.IPO + IPS. 

Moreover, it is not clear that all pulphidea precipitated from metallic solutions by 
excess of sulphydric acid, ora sulphydrate, are necessarily either hydrated or sulpliy- 
drated, despite their greater solubility in acids, and their difference 'in colour from the 
undoubtedly anhydrous sulphides made in the dry way. Wo know, for instance, that 
the difference between the native scarlet sulphide of mercury and tho precipitated 
black sulphide, or that between the nativo grey sulphide of nntimony and tho precipi- 
tated orange sulphide, is not a difference of hydration at all, but one of molecular con- - 
diticn, t. r. allotropy. 

The protosnl phi des of the alkali-metals and alkaline earth-metals dissolve in water, 
forming colourless solutions, from which, by evaporation, the solid sulphides may, it is 
said, bo again procured, and in the crystalline state: It is not improbable that the solu- 
tions really contain mixtures of alkaline hydrate and sulphydrate, resulting from the reac- 
tion of the sulphide with water, thus : K*9 + IPO KHH + KHO. At any rate, 
precisely similar solutions ore made by miiing equal quantities of alkaline hydrate and 
sulphydrate. With the exception of tho abovo sulphidrfS of the bn nylons metals, all 
sulphides and hydrated sulphides are insolublo in water, or very nearly so. Those 
which, like the trvmYpYude of arsenic, are sparingly saYubiW. \n pure water, ave’wvwAuWe 
in acidulated water. This trisulphide, when recently precipitated, is slowly but com-* 
pletely decomposed, by boiling with water into arsenious and sulphydric acids. 

As a rule, the sulphides and oxides of the same metal have similar formulae, and 
correspond in their general behaviour. Occasionally, indeed, we have metallic oxides to 
which there are no corresponding sulphides (the peroxide of manganese, for example), 
and more frequently metallic sulphides to which there are no corresponding oxides, 
— the. hemisulbhide of iron and the disulphide of arsenic, for example. Among the 
sulphides to which there are no corresponding oxides, perhaps the most remarkable are 
the alkaline polysulphides. The gaeu.1 potassium, for instance, is said to form the 
compounds K*S, K*8\ K*S«, K*S‘, and K*S l (iv. 707). 

When protosulphide of potassium is filled with excess of sulphur, the pentasulphido 
is formed as a dark liver-coloured mass which sinks beneath the excess of melted 
sulphur. It is. a very definite compound, soluble in water, forming a deep orange 
liquid, which may also be obtained by boiling an excess of sulphur with a solution of 
the nrotosulphide. Its composition corresponds with that of the sulphate and hypo- 
sulphite ^or thiosulphate of potassium, thus : 

K*SO\ Sulphate. 

K*B*0*, Thiosulphate. 

K*S*, Pentasulpnide. 

1 1 2 
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It in donbtful whether the three intermediate poljanlphidea are other than mix- 
tares of proto- and penta-euiphide. They may, however, he definite sulphides correal 
ponding to the polythionic series of oxygen-salts, thus ; 

K*S*, Disulphide. K*S*0®, Dithionate. 

K 2 S*, Trisulphide. K 2 S*0 - , Trithionate. 

K 2 S 4 , Tetrasulphide. K 2 S^O a . Totrathionate. 

K*S*, Pcntasulphide. K 2 S 8 O e , Pentathionate. 

It is observable, moreover, that the three intermediate polysulphides rosult from 
definite reactions, and that the disulphide and trisulphide correspond to definite oxides. 
The yellow colour, which solutions of alkaline protosulphide and sulphydrato acquire 
by exposure to air, is due to the production of polysulphides, thus : 2KIIS + O =■ 
K 8 S 2 + IPO. Tho yellow solutions of the poly sulphides eventually become colourless 
by absorption of oxygen, which produces a thiosulphate, accompanied, in the case of 
the tri-, tetra-, and penta-sulphides, with a deposit of sulphur. The polysulphidcs do 
not appear to form corresponding polysulphydrates ; for when sulphur is boiled with 
solutions of sulphydratos, there is always an evolution of sulphydric acid, thus : 

2KHS + S = IPS* + IPS. 

Tho distinction betweon neutral and salifiable sulphides is much less marked even 
than that between neutral and salifiable oxides. Disulphide of iron, for instance, is 
obviously tho representative of the non-salifiable peroxide of manganese. The two 
compqppds, when heated in close vessels, undergo precisely similar decompositions : 

3MnO* = Mn 3 0 4 + O 2 . 

3FeS 8 _ Fo 3 S 4 + S 2 . 

On the other hand, the trisulphide of iron is obviously the representative of the 
salifiable trioxide of that metal, and should correspond with it in its reaction with 
hydrochloric acid, thus : 

Fe 2 0* + 6HC1 * 2FeCl« + 3H 2 0. 

Fo*S* + 6IIC1 *= 2FeCl s + 3H 2 S. 

But sulphydric acid has the property of reducing trichloride of iron to the state of 
dichloride, with a deposition of sulphur, thus : 2FeCl a + IPS =. 2FeCl 2 + 2HC1 
+ S, Hence tho actual behaviour of trisulphide of iron, when treated with hydro- 
chloric acid, corresponds, not with that of the salifiable trioxide of iron, but with 
that of t.he indifferent trioxido of cobalt : 

CoW + 4HC1 ~ 2CoCl 2 + 2 IPO + O. 

Fe*S* -r 4HC1 - 2FeCl* 4- 2IPS 4 - S. 

The sulphides of the chlorous metals have characters corresponding to those of the 
corresponding metallic oxides ; that is to say, they unite with tho sulphides of the 
basylous metals to form corresponding soluble salts. The disulphide of tin, and the tri- 
sulphides and pentasulphides of antimony and arsenic, for instance, dissolve in sulphy- 
drato of potassium or ammonium, just as the corresponding oxides dissolve in oxhydmte 
of potassium or ammonium. Thus we have stagnate of potassium, K 2 SnO*or K B O.SnCP, 
and snlphostannate of potassium, IPSnS* or K 8 S.SnS 8 . When these chlorous sulphides 
dissolve in alkaline hydrates, they form both sulphosalts and oxysalta, thus : 

3SnS* + 6KHO . 2K*SnS 3 + K 8 SnO a + 3H 2 0. 

[Respecting the .modes of formation and the reactions of metallic sulphides, see fur- 
ther Metals (in. 940); also Od ling’s Manual of Chemistry (i. 153). . 

On the sulphides and sulpliydrates of alcohol-radicles, see Ethers (ii. 511). 

The individual sulphides, inorganic and organic, are specially described in connec- 
tion with the several elements and organic radicles. 

flVLVBZWDZOOTZC ACID. See Indigo-sulphuric Acids (iii. 258). 

SUZiPHZNDTLIO AGIO. Syn. with SULPHINDIGOTIC AciD. 

8VLVBZBATAVOU8 AOZB. An acid produced, according to Laurent, by (he 
action of ammonium-sulphite on disulphisatyde (iii. 412). 

8VZJPBZ8AT1N . Syn. with Disulphisatyde. 

8UXFBZTBS* See Sulphur, Oxygen-acids of. 


IVUSOJUUf ZAMXO AOZD, C^NSO 


' - <c-for}» - «g|r}* 


(Limpricht and Uejar, Ann. Ch. Pham. cvi. 27; Jahresb. 1 $58, p. 275 Engel- 
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hardt, Petewb. Acad. Bull. xvi. 37§ ; Jahrosb. 1858, p. 278.) — This acid, the amis 
acid of aulphobenzoic add, is produced: 1. By heating sulphobenzamide, or ethyUul- 
phobenzoate of ammonium, with potash (Limprijeht and Uslar) : 

• CWSO* + H*0 - C 7 H 7 NS0 4 + NH*„ 

Sulphoben- Sutphoben- 

utnUe. »mic«cid. 

Also from the compound C 7 H 8 N 2 SO* (the hydrochlorate of which is formed by treat- 
ing sulphobenzamide with pentachloride of phosphorus, p. 686), likewise with . 
elimination of ammonia (L i m p r i c h t and Uslar): 

C r H*N 2 S0 2 + 2H*0 - C T H 7 NS0 4 + Nil*. 

3. Together with other products, by the action of sulphuric anhydride on benzoni- 
trilc. (Engelbardt.) 

Preparation. — 1. Sulphobenzamide, stirred up to a paste with strong potash-ley, is 
heated in the water-bath for several hours, till a clear solution is obtained. This is 
diluted with water, and supersaturated with hydrochloric acid, whereby the sulpho- 
benzamic acid is obtained as a bulky precipitate, which is purified by rccrystallisation 
from boiling water. (Lim priclit and Uslar.) 

2. Vapour of sulphuric anhydride is slowly passed into wcll-eooled ben zo nitrile, 
whereby a crystalline mass is produced (if the action goes on more quickly, a vitreous 
mass iB formed, which yields other products). On treating the crystalline mass with 
cold water, to remove excess of sulphuric acid, and dissolving the residue in boiling 
alcohol, needle-shaped crystals separate at first, but afterwards, on addition ether, 
rhombohedral crystals of sulphobenzauiic acid. (Engel h a rd t.) 

Pro put im, — Sulphobonzainie acid crystallises from a boiling saturated solution on 
cooling, in scales resembling chlorate of potassium (Li mpr ich t and Uslar) ; in rhom- 
bohedr&l crystals or in needles, consisting of aggregates of small rhomboliedrons 
(Engel hardt), It in very sparingly soluble in cold water, more wolublo in other, 
easily in hot water and in alcohol. It melts at a temperature abovo 200°, and 
solidifies in a crystalline, muss on cooling; at. a higher temperature it volatilises in 
white vapours, and finally burns with a luminous flame. It reddens litmus, decom- 
poses carbonates, but does not dissolve zinc. 

Deco ut pos i lions . — 1. Sulphobenzamic acid appears to bo resolved by prolonged 
heating into ammonia and sulphohenzoic anhydride. The nqueous solution, when 
evaporated, leaves sulphobenzoic acid.— 2. When 1 at. sulphobenzamic acid is heated 
to l. r i0° — 20U° with at. pentachloridc of phosphorus, as long as phosphoric oxy- 
chloride continues to distil over, a yellow oily liquid ia left, consisting of sulphoben- 
zamic chloride, CMPNSCPCl, which is converted by water into hydrochloric and sulpho- 
benzjimic acids, (C 7 Il*N.SO'Cl 4- H' J 0 »= HC1 + C 7 1I T NS0 4 ), and by ammonia into 
a u 1 phoben zam ido (Lim priclit and Uslar). By distilling sulphobenzamic acid with 
pentavkloride of phosphorus, a distillate is obtainod, containing - besides oxychloride 
of phosphorus — chlorobonzonitrile, chlorobenzoic chloride (in small quantity), and tiro 
chloride of an easily soluble acid, probably isomeric with sulphobenzamic acid. 

The same chloride appears to be obtained, together with amorphous sulphobenzamic 
acid, by heating 1 at. sulphobenzamic acid with 1 at. of the pentAcliloride. On 
treating the yellow tumefied residue with ether, the amorphous sul phoben zamic 
acid remains as a white pulverulent nfass, which is insoluble in water, alcohol, and 
ether, but is converted, by heating with water to 170° — 180°, into ordinary crystal- 
lised sulphobenzamic acid. (Li m pricht Hnd Uslar.) 

3. Sulphobenzamic acid treated with sulphuric anhydride yields a brown viscid 
mass, from which, by boiling with plumbic carbonuto, a salt itr obtained, having the 
composition of plumnic sulphobenzoate. 

Sulphobenzamates. — Sulphobenzamic acid is monobasic. All its salts are more 
or less soluble in water. — The ammon ium-salt separates in bmdnrir crystals, mi 
evaporating a solution of the acid in ammonia. — The barium-salt , C M lf 
4H*0, separates from the evaporated neutral solution as a soft, wavcflitir, crystalline 
mass, which gives off its water at 110°. — The caldvrn-saH, dried at 120°, has tin 
composition C M H , *Ca , 'N*S , 0*. — The silver- salt, C 7 H 8 AgNS0 4 .IP0, ia precipitated by 
silver-nitrate from the solution of the ammonium-salt, in slender silky needles ; it 
may be recry stalliscd from boiling water, and does not blacken on exposure to 
light. 

The solution of the ammonium-salt gives, with neutral lead -acetate, a precipitate, 
crystallising in small needles ; with ferrous salts a white, with ferric salts » flesh- 
coloured, precipitate ; with cupric salts , a precipitate consisting of small needles, solu- 
ble in ammonia ; with mercurous salts , a white precipitate turning black on boiling ; 
with mercuric chloride, a crystalline precipitate separating from water in lamina* ; with 
sine-salts no precipitate. 
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* E thy lie Sulphobeneamate, or Sulphobentamie Ether, C , H*(C*H , )N 80 « ( 
h obtained by passing hydrochloric acid gas into the alcoholic solution of the acid ; 
by decomposing the silver-salt with ethylic iodide ; or by treating the alcoholic solu- 
tion of sufphobenzqic chloride with ammonia-gas. _ It crystallises in splendid shining 
needles, which, according to Keferstein, are monoclinic prismB, <»P . ooPoo .oP. — P, 
having their axes in the ratio of 1 : 2 : 4. When cautiously heated, it melts without 
decomposition, and solidifies in the crystalline state on cooling; at a higher tempera- 
ture it gives off white fumes, and burns with a bright flame. It dissolves easily in 
warm alcohol or ether, somewhat lees easily in boiling water. Strong caustic potash 
dissolves it, at ordinary temperatures, without evolution of ammonia; at 100° with 
formation of alcohol and potassic sulphobenzamate ; at higher temperatures also with 
evolution of ammonia. It does not dissolve mercuric oxide, and only a small quantity 
of silver-oxide. (Limpricht and U s 1 a r.) 

•VUFKOWnrZAMXBB. C’H 8 N 2 SO* = (C’H<SC£)'J N . = (C fsoj”|g a 

(Limpricht and Uslar, Ann. Oh. Pharm. cii. 232; cvi. 27. — Jahresb. 1857, p. 336; 
1868, p. 276.) — Obtained by treating sulphobcnzoic chloride with strong aqueous 
ammonia. The product, washed with water, dried, and recrystallised from absolute 
alcohol, with addition of animal charcoal, yields anhydrous sulphobenzamide ; if 
aqueous alcohol be used, a mixture of the anhydrous amide and a hydrate containing 
1 at. water is obtainod. 

Sulphobenzamido dissolves readily in hot water and hot alcohol. The hydrato, 
which crystallises in needles, gives off its water at 100°; at 170° the compound fuses, 
and between 270° and 290° it slowly decomposes, but without formation of sulphoben- 
ziniide treated with potash, it gives off ammonia, and is converted into sulpho- 

benzamic acid (p. 486). — With pentachloride of phosphorus at 100°, it decomposes, 
according to the equation ; 


C’lFNW + PCI® - C 7 H*N 2 S0 2 .HC1 + POCl* + IIC1; 

forming# yellow syrup, which is further decomposed during the distillation, yielding 

S hosphorio oxychloride and chlorobenzonitrile. The compound C 7 H tf N a S0 2 .HCl 
isflolves in ether and in alcohol, but does not crystallise therefrom ; with water or 
ammonia, however, it yields the crystallisable compound C*H a lSr 2 S0 3 , which dissolves 
in potaril, and by prolonged heating therewith is converted into sulphobenzamic acid. 

IWHOBBNZAVZLZBB. Di phenyl sul photon samide, G 7 H*(C«IP)*SO* is 
produced by mixing tmlphobonzoic- chloride with aniline. When crystallised from 
alcohol, with aid of animal charcoal, it forms small white fusible crystals, easily 
soluble in alcohol and ether, slightly soluble in cold water, decomposed by hot potash- 
ley with separation of aniline. 

BUXPHOBinrZXim. C ,2 H ,# SO a . (Mitscherlich, Pogg. Ann. xxxi. 628.— 
Freund, Ann. Ch. Pharm. exx. 76. — Otto, ibid, cxxxv. 154.) — A compound formed, 
together with phenylsulphurous acid, by the action of sulphuric anhydride on benzol. 
On treating tho thick liquid product with a large quantity of water, the sulphohenzide 
separates in the crystalline form, while the phenylsulphurous acid remains in solution. 
'The sulphohenzide may be purified by crystallisation from ether, or by distillation 
(Mitscnorlich). It is also produced, together with benzol, by distilling aqueous 
phenylsulphurous acid, and crystallises in the receiver. (Freund.) 

Sulphohenzide crystallises from alcohol in rhombic plates. It melts at 100° 
(Mitscherlich), at 128° (Freund), at 128° — 129° (Otto), and boils at a much 
higher temperature. It dissolves in alcohol and in ether , is insoluble in alkalis , but 
dissolves in acids, and is precipitated therefrom by water. Strong sulphuric acid 
dissolves it when heated, and converts it into phenylsulphurous acid. Chlorine 
converts it, at the boiling heat, into trichlorobenzol (Mitscherlich). — With penta- 
chloride of phosphorus it forms monochlorobenzol, chloride of sulphophenyl, and 
trichloride of phosphorus (Otto) : 

Ci«H* 0 SO« + PCP - C*H*C1 + C*H*SOKJl + PCI*. 


SVBVSOBXnZBIC AOZB. Syn. with Phkntlsulphcxous Acid. 
Str&rBOBBNZOZC ACID. C T HK)*SO* -> ( 0 7 H«S<PjT - 

•O*. (Mitscherlich, Pogg. Ann, xxxi. 287. — Fehling, Ann, Ch. Pharm. 


(C*H<Dn 
(so;* 

H* 


(SO/ Jc 
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xxvii. 322, — Ximpricht and Uslar, ibid, cii. 239; cri 27.—Kefer*tein, ibid. 
cvi. 383.)— This add is produced : — r-1. By passing the vapour of sulphuric anhydride 
into benzoic acid, or by mixing 1 pt of the anhydride with 2 pta. benzoic add. The 
mass is treated with water, which dissolves sulphuric and sulphobenzoie acids, leaving 
the excess of benzoic add undissolved ; the solution is saturated with carbonate of 
barium ; and the filtered solution is mixed, while still warm, with a quantity of hydro* 
chloric acid sufficient to combine with half the baryta in solution. Add sulphobenzoate 
of barium then separates on cooling, and on decomposing the solution of this salt with 
the exact quantity of sulphuric acid required to precipitate the barium, and evaporating * 
the filtered solution till it no longer boils at 130°, the sulphobenzoie acid separates 
on cooling as a crystalline mass. 

2. By the action of sulphuric acid on benzonitrile, disulphobenzolic add being formed 
at the same time : 

C’lPN + H*0 + 2H*SO< - C’H'SO* + (NH«.H)SO\ 

Bento* Sulpho- 

bentolc * 

acid. 

C r H a N + 3H 3 S0 4 « C*H a S 2 O f + (NHbH)SO 4 + CO» 

Bento- Ditulpho- 

mirite. benxollc 

acid. 

On neutralising the product of the reaction with carbouate of barium, evaporating, 
redissolving in water, and adding alcohol by sops rate portions, sulphobenzoate of 
barium crystallises out first, and afterwards the disulphobenzolato. (Buck ton and 
Hofmann, Chem. See. C)u. J. ix. 235.) * * '* ■ 

3. By the action of water on sulphobenzoie chloride: J 

C’mSO’Cl* + 2H 3 0 - C’H*SO* + 2HC1. ''***** 

Sulphobenzoie aeid forms a solid crystalline muss, which may be heated to 150° 
without decomposition : it doliquescos gradually in damp air, but recovers its solid 
form in a dry atmosphere. It is not altered by boiling with acids or alkalis, but on 
fusing it with solid potash, the sulphur is converted, partly into sulphuric, partly into 
sulphurous aeid, — By a mixture of 2 pts. oil of vitriol and 1 pt. nitric acid£lt4* con- 
verted into nitrosulphobenzoic acid, C T II 4 (NO*)SO s . — With 2 at. pentachloride of phos- 
phorus, it forma sulphobenzoie chloride : 

C'H*SO* + 2PC1* - C'H‘S0*C1‘ + 2POC1* + 2HC1. 

With 1 at. of the pentachloride, the product is sulphobenzoie chlorhydrato : 

C’H'SO 1 + PCI* - C’H'SO'jgQ + POC1* + HCL 

Sulphobenzoates. — Sulphobenzoie acid is dibasic, forming acid and neutral 
Balts, the former being for the most part less soluble than the latter. — The neutral 
harium-salt , C 7 Il 4 Ba"S'‘ t 0 4 , obtained by boiling the solution of the acid salt with 
barium-carbonate, forms indistinct crystals, very soluble in water, and bearing without 
decomposition a temperature aB high as that of boiling oil. — The acid barium-salt , 
C 7 H'*Ba"iS0 4 .C 7 H 6 S0\3II 2 0, preparod as above described, crystallises in monoclinio 
prisms: oP . oeP . a>F«> , with the angles oP : ccF » 98°6'; ooP : ooP » 82° 21 
(Fabling). The crystals give off (heir water at 200% dissolve in 20 pts. water at 
20°, and nave an acid reaction. — The lead-suit , C 7 H < Fb"SO*.2H a O, is obtained in 
eolation by boiling the acid with excess of lead-carbonate, and separata* on cooling in 
stellate groups of slender needles. Gives off its water at 200°. — The neutral polos - 
sium- salt, C 7 H 4 K 2 S0 5 , forms beautiful deliquescent crystals : the acid salt is efflores- 
cent.— The silver-salt , C 7 H 4 Ag*S0bH*0, crystallises in a vacuum in small yellowish 
prisms, which dissolve easily in water, and give off 1 at. water when dried. (Feh- 
ling.) 

The arid sulphobenzoates of magnesium and zinc, also the acid ferrous, cobaltous, 
and cupric salts, form beautiful crystals. (Mi tscherli ch.) 

Derivatives of Sulphobenzoie Arid. 

Nitrosulpkobemoic Acid, C^H^NO 1 )*^)*. (Limpricht and Uslar.) — Pre- 
pared by adding sulphobenzoie or sulphobenzamio acid to a cold mixture of strong 
nitric and sulphuric acids, diluting with water after some time, neutralising with 
carbonate of barium, and decomposing the resulting barium-salt with sulphuric arid. 

It crystallises from a concentrated solution in well-defined crystals.— -The neutral 
barium-salt, C , H*Ba"(N0 3 )S0*, forms easily soluble, nodular, mostly yellowish 
crystals, containing 3 or J at. water. — The acid barium-salt, G 7 H l Ba”(NO s )SO*. 
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GTI^NO^JSO* crystallises in small, limpid, radiating prisms, containing 4 at water. 
— Th e silver-salt, obtained by boiling the acid with silver-oxide, crystallises in small 
nodules, easily soluble in water, insoluble in alcohol. 

Amidoaulphoben eoic Acid, 0 7 H 7 NS0 3 A C 7 H“(NH 2 )SO # , produced by continued 
digestion of nitrosulphobenzoic acid with aqueous sulphide of ammonium, separates, 
on supersaturating the concentrated filtrate with hydrochloric acid, in white con- 
centrically-grouped needles, having an acid reaction, easily soluble in hot water, less 
soluble in alcohol, nearly insoluble in ether. When heated, it chars without previous 
fusion. It dissolves easily in ammonia, and the solution forms, with nitrate of 
silver, a white precipitate, which turns black on boiling. 'Amidosulphobenzoic acid 
doss not appear to unite with other acids, at least not with hydrochloric acid. (Lim - 
pricht ana Uslar.) 


liamson's sulphuric cblorhydrate, SO" Cl. HO, is obtained: — 1. By heating 1 at, sul- 
phobenzoic acid with 1 at. pentachloride of phosphorus, till the greater part of the 

M oric oxychloride has distilled off, and adding water to the residue to dissolve 
_ drecbloric and phosphoric acids. — 2. By leaving sulphobenzoic chloride in 
contact with water for several weeks : 


flUUPSOBBJfZOZC OBS(^|Ib • v m v«ju u a w j JIO ” 

c 7 H<or )ci 

(SO J* j-Qj. Chlorwasserstoff-Sidfobenzoesaure . — This compound, analogous to Wil- 


" -kr V . C'H‘Cl ! SO« + H 2 0 = C»H*C1S0 4 + HC1. 

It 'is a white crystalline powder, soluble in ether, decomposed by alcohol and by 
boiling wa|fr, insoluble in cold water. It molts very easily, and decomposes at a 
higher temperature. By boiling water and by alkalis it is converted into sulphoben- 
zofc acid. (Limpricht and Uslar.) 

1K!IIX»*OaBXrZOXO CBLOUSS. CTErSO'Cl* - Q 1 *.- Prepared like 

the p^sedding, but with 2 at. phosphoric pentachloride to 1 at. sulphobenzoic acid dried 
at 100%^ It is a yellowish* brown, viscid, oily liquid, having a faint unpleasant odour, 
hwiftilifr than water, and very slowly decomposed thereby. Boiling water dissolves it 
moire quickly, forming hydrochloric and sulphobenzoic acids. — Alkalis decompose it in 
a similar manner. Whan heated to 300° it decomposes with strong intumescence, giving 
off Chloride of chlorobenzoyl(i.567), and leaving a carbonaceous mass. — Alcohol dissolves 
it, with great rise of %roperature and formation of e thy lie sulphobenzoato. Anhydrous 
ether appears to ^ssolve* it Without decomposition. — Aqueous ammonia converts it 
into sal-ammpniao v *nd sulphobenzamide : the latter is also formed by passing 
ammonia-gas into the ethereal solution of the chloride. — With aniline it forms sulpbo- 
benzanilide and hydrochlorate of aniline. Alcohol saturated with ammonia, dissolves 
it with great rise of temperature, forming ethylsulphobenzoic acid. (Limpricht 
ymd U slar.) 

UTLPHOBBNZOXO BTBBB8. The only ones known are the acid and neutral 
ethylic ethers. 

Ethylic Sulphobeneoate, - C 7 H\C 2 H 5 ) 2 SO». (Limpricht and 

Uslar, Ann. Cn. Pharm. cii. 252.) — Absolute alcohol becomes strongly heated in 
contact with sulphobenzoic chloride ; hydrochloric acid and chloride of ethyl are 
given off; and on evaporating the liquid over the water-bath, ethylic sulphobonzoate 
remains in tho form of a syrupy residue having a faint ethereal odour. It dissolves in 
water in all proportions, and cannot therefore be purified, like most compound ethers, 
by washing with water. On heating the aqueous solution, the ether is resolved into 
alcohol and sulphobenzoic acid. It cannot be distilled without decomposition ; when 
heated in a retort, it leaves a largo quantity of charcoal; swells up considerably, and 
yields a small quantity of distillate having a disagreeable odour. Treated with gaseous 
or aqueous ammonia, it yields ethyl sulphobenzoate of ammonium. 

Ethylsulphobenzoic Acid, CWSO 4 = C 7 HXC*H*)SO*. (Limpricht and 
Uslar, loo, cit .) — Produced in the form of an ammonium-salt, by dissolving sulphobenzoic 
chloride in alcoholic ammonia, or by dissolving sulphobenzoic ether in alcohol, and 
passing ammonia through the' solution. On evaporating the liquid, the ammonium- 
salt is obtained in crystals ; and by dissolving these in water, precipitating the ammonia 
with platinic chloride, removing the excess of platinum by sulphuretted hydrogen, and 
evaporating the filtrate at the heat of the water-bath, ethylsulphobenzoic acid is 
obtained, in the form of a yellowish syrup, which doe* not show any signs of crystalli- 
sation. even after standing for several days. The acid appears, however, to be crys- 
tullisable, but difficult to obtain in the crystalline form, on account of its proneness to 
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decomposition ; for on decomposing the barium-salt with an equivalent quantity of 
sulphuric add, and evaporating the filtrate over the water-bath, a syrup was obtained, 
which solidified in a crystalline mass on^ cooling, but on being saturated with barium- 
carbonate, yielded a mixture of sulphobe&zoate and etbylsulpnobensoate of barium. 

The j Ethyl stdphobenzoates are all very soluble ; they are moat readily prepared from 
the ammonium-salt by precipitating the ammonia with platinic chloride, removing the 
excess of platinum with sulphydric acid, and neutralising the filtrate with the required 
base. — The ammonium-salt, CH'fNH^JSO 4 , prysfcaHisea in large, well-defined, four- 
sided tables, with very distinct cleavage parallel to the shorter Bide of the base. It 
is insoluble in ether, but dissolves readily in water and in alcohol, forming neutral 
solutions. — The barium-salt, C" , H ,8 Ba w S v O , °. xH*0, crystallises from a very concen- 
trated aqueous solution, in small rhombic tablos, which effloresce over oil of vitriol. — 
The silver-salt forms stellate groups of small needles. — The sodium -salt, C*H*NttS0 6 f 
forms nodular groups of milk-white needles, easily soluble in water and in alcohol, 

SUXPHOBSWZOXu C T IPS. Syn. with Sulphide of Benzylekb (i. 677)~ 

SULPHOBENZOLAMZDS. C B H 7 NSO* - N-HWIPSO®. (Stenhouse,. 
Proc. Koy. Soc. xiv. 351.) — Produced by heating sulphobenzolato (phenylsulphite) of 
ammonium to 200°. Crystallises from alcohol or water in laminae resembling naph- 
thalene, which melt at 153°. 

SUX.PHOBEHZOX.SHS. C I8 1I ,0 S0 2 . (Stoll house, 1<h\ cit .) — A compound 
isomeric with sulphobeuzide (p. 486), produced by heating phenyl ic sulphide (iv. 417) 
with strong nitric acid, or more readily by digesting it with acid potaSsiiim-chrbsAte * 
and sulphuric acid diluted with 2 pts. of water. When crystallised from benzol, it 
forms mouodinic prisms, exhibiting the combination [ oqPoo J . oopoo . Pn , oP, vitli 
the angles (approximately determined) [ ccP« J : oePoo » 86° 30' an# 94° 30'; 

T oePoo ] : P» as 71° 40’ ; ooPao : oP — 69° 40 . The crystals are tabular, from pre- 
dominance of [ oePoo ). From hot alcohol it separates in crystals, resembling ehlornto 
of potassium, but for the most part of the same form and with the 0km <3 angles as 
from benzol. It dissolves easily in ether and in carbonic disulphide, tfilt stfth 
difficulty in boiling water, from which it crystallises completely on cooling* It 
melts Ht 426°, and distils at a higher temperature. It dissolves in not sulphlrio add# 
and is precipitated therefrom by water. A mixture of nitric and sulphuric acja#tti|k 
verts it into an oxidution-product, sparingly soluble in hot alcohol, and cryBtaUiaing^tt' 
needles. “ * . - r 

8VLPHOBENZOLSVIC ACID. Syn. with BenzylsulPHURous Asm*. (See 
Sulphurous Ethers.) # f 

4 * ' ^ ■ v; 

SULPHOBEVIOLZC ACXB. Syn. with PHENYLSULPJtu*Otai Acid. (See Sul- 
phurous Ethers.) 

Blsulpbobenxdllc Add. Syn. with Phhxylenk-sulphurous Acid, (See Sulphu- 
rous Ethers.) 

STJXPBOBEXTZOXtZO CBLOEIDE. Syn. with Sut/phofhknylic Chloride. 

8ULPBOEEHZOYL, BTBftXSB O T. C 7 H - S. A compound formed by the 
action of ammonium-sulphide on an alcoholic solution of bitter-almond oil (i. 571). 

St7X.PHOBmnrX.ZC ACID, Syn. with Tetrylsulphuric acid. (See Sulphu- 
ric Ethers.) 

8ULVBO C AC OB YX.XC ACXB, See Absexides of Methyl (i. 409). 

SBXiPHOCAlkKPHXC ACXB. Syn. with Thymylbulphuhouh Acid, (See Sul- 
phurous Ethers.) 

8UUSOCAMPSOBXC ACXB. C°U ,8 SO«. (Walter, Ann. Ch. Phya. [3L 
ix. 177.) — An acid produced by the action of sulphuric acid on camphoric anhydride 
(i. 730): 

C^H^O* + H’SCP - C*H ,, S0* + CO. 

To prepare it, camphoric anhydride is introduced by small portions into an excess of 
strong sulphuric acid, and the clear solution is heated to 65°. Carbonic oxide is then 
rapidly evolved, and the liquid, after being left at rest to deposit unaltered cam- 
phoric anhydride, then filtered and Left to evaporate jn a vacuum, deposits crystals of 
sulphocawphoric acid, sometimes having a green colour. For purification they are left 
to drain in a funnel plugged with asbestos, then pressed between bibulous paper, and 
crystallised several times 'from alcohol till they become colourless. 
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Sulphocamphoric acid crystallises in six-sided prisms, colourless, very bitier, very . 
soluble in water, alcohol, and ether. The crystals contain 2 at. water, which they give 
off in a vacuum. The acid melts between 160° and 165°, and decomposes at a higher 
temperature. It dissolves slowly in cold, qnickly in boiling nitric add, without alter- 
ation or evolution of red fumes. Strong sulphuric acid dissolves and ultimately 
chars it. 

Sulphocamphoric acid is dibasic, its neutral salts being represented by the formula 
C B H M M*SO*. — The ammonium-gait, C^JI |4 (NH 4 )*S0®.H 2 0, forms stellate groups of 
crystals, which are very soluble in water, ahd redden litmus. — The potassium-*. iti, 
C B H- 4 K. u S0 8 t crystallises by evaporation in very fine needles, having a cooling styptic 
taste. It is neutral to test-papers, very soluble in water, slightly soluble in alcohol. 
Sometimes cauliflower-heads of crystals are obtained, apparently consisting of an acid 
salt. — The barium-salt, C*H M Ba"SO a , forms a colourless or slightly yellow gummy 
mass, which faintly reddens litmus-paper, is very soluble in water, slightly soluble in 
alcohol. — A bario-cupric salt, C ,8 IP*Ba"Cu"S 2 0 u , is obtained by precipitating a cold 
solution of the barium-suit with cupric sulphate. — The lead-salt , C*H N Pb"SO a , is 
an amorphous mass, haring a sweet taste, soluble in water, insoluble in alcohol, red- 
dening litmus-paper. — The silver-salt , C e H l4 Ag 2 S0 8 , is obtained, by saturating the acid, 
with sihl^r-oxide and evaporating, in crystalline crusts, soluble in water, slightly 
soluble in cold, somewhat more in hot alcohol: this salt likewise reddens litmus. 


StrL7BOOAPRTZ,lO ACID. 

ph uric Ethers.) 

SirLDHOGARBAMIC ACID. 


Syn. with Octttlsulphuric Acid. 


CIPNS* 



(Zeise, 


(Soe Scn.- 
Ann. Ch. 


Pharm. xlviii. 95. — Debus, ilrid, lxxiii. 26.) — The sulphur-analogue of carbamic acid 
(i. 749). Its ammonium-salt, CT1 2 (NH 4 )NS*, is produced : — 1. By direct combination 
of ammonia with carbonic disulphide : OS 2 + 2NH* = CH*N 2 S 2 . When a mixture of 
1 vol. absolute alcohol saturated with ammonia-gas and a solution of 0*16 vol. 


carbonic disulphide in 0*4 vol. alcohol, is exposed in a closed flask to a temperature of 
15°, it gradually turns brown, and deposits plumose crystals of ammonium-trisulpho- 
carbonate, afterwards larger and more shining prismatic crystals of the sulphocarba- 
mate. The liquid, after it has ceased to deposit crystals, yields a further quantity of 
the sulphocarbamate by distillation. 

2. By the decomposition of ammonium-trisulphocarbonate : 



To effect this transformation, the trisulphocarbonate is enclosed for 30 or 40 hours 
with alcohol in a well-closed flask. 

Sulphocarbamic acid is obtained in the free state by decomposing the ammonium* 
salt with dilute sulphuric or hydrochloric acid. It then separates as a colourless or 
reddish oil, heavier than water, and having a peculiar odour, somewhat like that of 
snlphydric acid. It is somewhat unstablo, being gradually resolved into sulphocyanic 
ana sulphydrio acids ; in presence of water, it also yields cyanic acid or its products of 
decomposition : 


CH'NS 2 - CHNS + IPS. 


Sulphocar- 
boinlc acid. 


Sulphocy- 
atiic acid. 


CH*NS* + H*0 » CHNO + 2H*S. 


Cyanic 

acid. 


Metallic Sulphocarbamates.— Snlphocarbamic add is monobasic; it decom- 
poses carbonates with effervescence. Its salts are easily resolved, especially by heat 
or by the action of alkalis, into sulphydrio acid, sulphocyanic acid, and metallic * 
sulphide : 


2H*(CS)"MSN « 2(CS)"HN + H*S + BPS* 

Sulphocar- Sulphocyanic 

hamate. acta. 


Sulphooarbamate of Ammonium, CH*(NH 4 N)S*, crystallises in long lemon- 
yellow prisms, easily soluble in water, less soluble in alcohol. Exposed to moist air 
It deliquesces, and is converted into a liquid, consisting almost entirely of ammonium- 
sulphydrat Heated with potash , it yields sulphocyanate and snlphido of potassium. 
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together with water and ammonia. CUorim, bromine, and iodiat convert it into 
hyd ramotin or ealphocarbammoninm-eulphide (iii. 178) : 

2CH*(NH*)NS*' + Cl* - 2NH*C1 + C*H*N*S*. 

AmmoDlunr-lul- Hydnniotln. 

phocarbaiAate. 

The same transformation is effected f>y ferric salts mixed with excess of sulphuric or 
hydrochloric acid. 

Cuprous Sul pho car bam ate, CHHVNS*, is a yellow powder, insoluble in water 
and in alcohol,— The lead-salt , C 3 H 4 Pb fc 'N*S 4 l is precipitate by neutral lead-acetate 
from the solution of the ammonium -salt, in white flocks, which turn red on dicing and 
blacken when boiled with water. — The zinc-salt, C s H 4 Zn"N s S l , is a white pulverulent 
precipitate. 

A solution of ammonium-sulphocarbamate is not precipitated by calcium- or barium- 
salts. It forms a yellowish-green precipitate with nickel-sulphate, white with mere uric 
chloride , yellowish-brown with platinic chloride ; with a dilute solution of silver-nitrate 
a yellow precipitate, which soon turns black. A mixture of the concentrated solutions 
of ammonium-sulphocarbamate and chromic sulphate deposits, after a while, a small 
quantity of colourless needles containing chromium and sulphur; and th$ mother- 
liquor, after some hours, deposits a blue substance. * 

BULPHOCAXBAMIC ETHBRS. Sulphocarbamic acid, like other amie acids, 
may give rise to two isomeric groups of ethers, according as an atom of hydrogen 

H f N . 

bt longi ng to the ammonia- typo or to the water-type in the formula, rr ,Q v , } , is replaced 

h [ s 

by an alcohol- radicle, the relation between the two groups being the same as that which 
exists between othylcarbamic acid and ethylic carbamate (i. 760, 761): 


H 

c*n» 
(coy 

Rthyh-axbumte 

acid. 


1 N 

1° 


®|o 

Ethylic car- 
bamate. 


To the first-mentioned group of sulphocarbamic ethers belong amylsulphocarbamio 

acid, (CS)" >S* and its amylammonium-salt, (OS)" >q , the latter being pM*. 

II NH^H 11 )) 7* 

duced by the action of amylamine on carbonic disulphide, and the amylcarbamic acid 
separated from it by hydrochloric acid (see Amyijlminrs, i. 207)? also allyl-sulphocar- 
l>amic or sulpbosinapic acid (g.v.). 

Ethers derived from sulphocarbamic acid, CH*NS*, by the substitution of an alcohol- 
radicle for the hydrogen of the water- type have not yet been obtained } but two com- 
pounds are known, which may be derived in this manner from the unknown oxysul- 
p hocarb ami c acid, CIPNSO, viz. : 


Ethylic Oxysulphocarbamate or Xunthamido 


Amylic Oxysulphocarbamate or X an thamylamide 


H* i » 

0 , H r NSO - (CSng. 


C-H^NSO 


- 


Xtbjllo Oxyanlplibcarbaxnate or Xanthamide, C*H*N80. (Debus, Ann. 
Ch. Pbarm. Ixxii. 1 ; lxxv. 127; lxxxii. 263.) — This compound is produced;— 1. By 
the action of ammonia on neutral ethylic disulphocarbonatc (xanthic ether): 

§§;i° * - s§;}o * °?‘l a 

Xanthic Xantha- Mercaptan, 

ether. aide. 


2. By the action of ammonia on ethyldisulphocarbonic sulphide (p. 496): 

H* 

. i VTTI 

O* 


,s> * *h* - + ggfo 

EthyldUulpho- Xanthle 

carbonic tolphidc. acid. 


+ a 
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To prepare the compound in considerable quantity, Debus gradually adds Carho» 
nic disulphide to an alcoholic solution of potash till the liquid ib completely neutral, 
then dilutes it with two volumes of water, and passes chlorine into it. The chlorine 
decomposes the xanthate of potassium, forming chloride of potassium and ethyldi- 
snlphocarbonic sulphide, which, being insoluble in the dilute alcohol, falls, to the 
bottom. As this compound is easily decomposed by an excels of chlorine, it is advi- 
sable to add to the liquid a small quantity of potassium-iodide, which will not bedecdhi- 
posed as long as there is any xanthate present, but will impart a browjn colour to the 
liquid as soon as the whole of the xanthate is decomposed. The oily ethyldisntgho- 
carbonic sulphide is then washed with wator, dissolved in a mixture of 1 pt. etherflfcd 
2 pts. alcohol; and dry ammonia-gas is passed into the solution, whereby it gradually 
becomes turbid, and deposits long needles of sulphur. The til tereA liquid, evaporated 
in a vacuum, leaves a saline residue, consisting of ammonium -xanthate and xanthamide, 
the latter of which may bo dissolved out by ether, and remains, on e va poratfeni’lji' Ajg 
yellow oil, which ultimately crystallises, and maybe obtained pure by recJsystallistt^pjSy 
from a small quantity of alcohol. 4 

Xanthamide crystallises by spontaneous evaporation in monoclinic prisms or octa- 
hedrons, often of considerable sizo. Dominant faces, + Pand — P with oP. Angle 
oP : — P » 118°; oP : +P — 105°. The plane angles of oP are nearly ** 83°, 
Cleavage perfect, parallel to oP. The crystals melt at about 36°, dissolve sparingly in 
water, but are dissolved in all proportions by alcohol and ether. 

Xanthamide is resolved by distillation into mercaptan and cyanic acid (or at 150°, 
cyanuric acid) : 

CSO.C 2 II\H 3 N = (PIPS + COHN. 

Xmtthamide. Mercap- Cyanic 

tan acid. 

When boiled with potash or baryta-water , it is resolved into alcohol and sulphocyanic 
acid : 

cso.c 2 ii\h b n = mm + cshn. 

When nitrous acid vapour is passed into water containing xanthamide in suspension, 
a cry stall isable substance is formed, designated by Debus as oxy sulphocy anate 
of ethyl; its composition is approximately represented by the formula C a H ,p N*O z S, 
and it is probably formed by the union of 2 at. xanthamide, with elimination of hydro- 
gen and sulphydric acid : 

^ 2CHPNOS - H 2 S — H* = C*W°WO*S. 

Compounds of Xanthamide with Metallic Salts. — a. With cuprous chloride , xantha- 
jnide forms four compounds, containing 1, 2, 3, and 4 at. xanthamide to 1 at. CuCl. 

The compound ; CIPNOS.CuCl, is obtainodas a white crystalline precipitate, on adding 
hydrochloric acid to an aqueous solution of xanthamide mixed with excess of cupric 
sutphato. It is nearly insoluble in water, but dissolves in hot alcohol, and crystallises 
on cooling in small very brilliant rhombohodrons, approaching very closely to the 
cube. ft is likewise formed on mixing an alcoholic solution of xanthamide with a neu- 
tral solution of cupric chloride. The liquid first becomes blood-rod, then colourless, 
strongly acid, and deposits sulphur; and the filtrate yields, by spontaneous evapora- 
tion, first rhombohedral crystals of the compound C*H 7 NOS.CuCl, then long needles 
of the compound above mentioned as oxy sulphocy unate of ethyl. 

The compound 2C*H 7 NOS.CuCl is deposited, in shining rhombic tables, on adding 
rather more than 1 at. xanthamide to the preceding compound, and evaporating. It is 
insoluble in water, very soluble in alcohol, and appears to bo dimorphous, inasmuch as 
a concentrated alcoholic solution deposits it in large hexagonal prisms, whereas from a 
dilute solution it separates in rhombic tables. 

By increasing the proportion of xanthamide, the compounds 3C*H T NOS.CuC3 and 
40*11 7 N 0 S . Cu Cl may be obtained, both in well-defined crystals. All these compounds 
are more fusiblo and more soluble in alcohol, as they contain a huger proportion of 
xanthamide. The crystals decompose after some weeks, sulphide of copper being set 
free. 

3. With Cuprous Iodide, — A boiling alcoholic solution of the compound, 
3C , H r NOS.CuCl, mixed with a hot solution of iodide of potassium, deposits, after 
some hours, concentrically -grouped needles of the compound 2C*H 7 NOS.CuI; 
the mother-liquor, on further concentration, yields laminae of the compound 
8.C s H r NOS.CuI; and the liquid finally deposits xanthamide and chloride of potas- 
sium. 

y . With Cuprous Sulphocy an at ''. — An alcoholic solution of the compound 2C*H 7 NOS. 
CuCl, mixed with sulphocyanate of potassium, yields a white crystalline precipitate, 
which appears to consist of C*H’NOS.10CyCuS (?). A hot concentrated solution of 
the compound 8C 9 H*NOS.CuCl yields, with sulphocyanate of potassium, an Immediate 
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precipitate, consisting of colourless tables of the compound 2C*H T NOS,3CyCuS. If 
this compound be left immersed in the mother-liquor for some days, the crystals 
become larger, acquire a yellowish colour, and are converted into the compound 
C*H 7 NOS.CyCuS. 

An alcoholic solution of the compound C 5 H 7 NOS.CuCl yields with sulphocyanate 
of potassium, nothing bat a whito pulverulent precipitate of cuprous sulphocyanate. 

3. With other Salts . — The compound 3C , H 7 NOS.CuCl is decomposed at the boiling 
heat by zinc, winch precipitates the copper and forms chloride of zinc; but this salt 
does not combihe with the xanthamidc, noith^r does xa nth amide appear to unite with 
fepppros chloride, chlSrido of barium, or chloride of potassium. With mercuric chloride t 
however, it appears to be capable of forming, undor certain circumstances, compounds 
sinplarto those whj^h it yields with cuprous chloride. 


. Any lie Oxysulpbocarbamate, Amylxanthamftde, or Xantbamylamide f 

;-agjO*WW0S «= CSO.C a H l, .H*N. — This compound, discovered by M. W. Johnson 
’^(Qhem. Soc. ,Qu. J. v. 24‘J), and prepared similarly to the othy 1-compound, has been 
r t«%dy described among the sulphur-compounds of amyl (i. 206). 

(esn 

CH 4 N S S = H 2 vN 2 . — This compound has not 

H 2 J 


yet been obtained. It contains the elements of sulphocyanate of ammonium, CNS.NH 4 , 
but is not actually formed from that compound in the same manner as carbamide 
(urea) from cyanute of ammonium. 

Several substitution-derivatives of sulphocarbamide are however known, and havo 
been already described uuder Carbamide (i. 754), viz. : 


Allylsulphocarbamide . 
Naphthyl-allylsulphocarbamide 
Ph ei »y Is u I pi locnrbam id e 
Diphenyl sill pliocarbam ido . 
Phenyl -ally lsul phoca rba ni i d o 


N* ( CS)".C f H a .H a 
N 2 .(CS)'\0 ,0 H T .C*H\H* 
N a (CS)".C 8 H\H l 
N*( CS)*. ( C*H*) a H a 
N*(CS)".C«H 4 .C*H & .H’ 


These compounds are formed by the action of ammonia and alcoholic ammonia on 
sulphocyanic ethers ; and compounds of analogous constitution, but having half the 
nitrogen replaced by phosphorus, are obtained by the action of trictliylphosphine on 
tho sulphocya nates of allyl and phenyl (iv. Oil), e.g. : 


P(C«H*)* + (CS)"(C*H‘)N - p | (CS)”.C*H».(C'n*)*. 

Tricihyl* Phimyllc Phenyl-Lrlothyl-iulphocarbo- 

phosphine. sulphoryunatp. phosphamide. 

8V1PBOCAKBXMIDE. J N. — This is the compound more generally 

called sulphocyanic acid, and otherwise formulated as ^ j S". That this 'Beid 

may really be regarded ag tho imide of sulpbocarbonic acid is shown: — l^By its 
formation from sulphocarbamic acid, (CS J H*N » CSKN + IPS), and in tho 
decomposition of sulphocarbamic ethers (p. 492). — 2. By its formation when carbonic 
disulphide is heated in a sealed tube with alcoholic ammonia : 


(CS)"S + NH* - < C S)‘J N + IPS; 


and by tho analogous formation of ethylic sulphocyanate, when ethylamine is substi- 
tuted for ammonia in this reaction. 


StJliFHOCAJtBOXSATBS. Carbonic disulphide, CS 2 , unites directly with 
metallic sulphides, forming compounds called .trisul phocarbonates, or simply 
sulphocarbonates, analogous to the carbonates, and represented by the general 
formula M 2 S.CS 2 or M 2 CS*. f 

They are likewise produced, together with carbonates, by the action of csrbonie 
disulphide on hydrated metallic oxides, e.g, with aqueous potash : 


3CS* + 6KH0 - 2K a CS* + K*CO f + 3H»0 


The sulphocarbonates of the alkali-metals and alkaline earth-metals are rod, 
brown, or yellow compounds, soluble in water and in alcohol, and in some cases crys- 
tallis&ble. They arc easily converted into carbonates, by boiling their aqueous solu- 
tions, water being decomposed and sulphydric acid evolved, eg. : 

K*CS* + 3H*0 = 3H*S + K*CO*. 

A similar decomposition takes place slowly in the aqueous solution at ordinary 
temperatures. 
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By decomposing a metallic sulphocarbonate with hydrochloric acid, hydric eul- 
phocarbonate, or aulphocarbonic acid, H*CS f , is obtained in the form of a 
yellow oily liquid, thus : 

K*CS* + 2HC1 = 2KC1 + H*CS* 

The sulphocarbonates of the heavy metals are insoluble in water, and are formed 
by precipitation. Solutions of the alkaline sulphocarbonates give a brown precipitate 
with cupric salts, yollow with dilute solutions of argentic nitrate and mercuric 
chloride, red with load-salts. A solution of calcic sulphocarbonate forms, with auric 
chloride, a greyish-brown precipitate containing Au 8 S 8 .3CS a ; with pJatinic salts, a 
black-brown precipitate containing PtS*.2CS*. All these precipitates blacken more 
or less quickly when kept, owing to their conversion into sulphides. 

For details respecting the metallic sulphocarbonates, see Gmelin'a Handbook (vols, 
lii., ir., v., and vi.), under the several metals. 

gVLPBOCASBOVIC ACID. This term belongs properly to the, compound 
H 2 CS*, obtained as above ; but it is sometimes applied to carbonic disulphide, CS*, 
which should rather be called carbonic Bulphanhydride. 

BULPHOCABBON1C S2TBSSRS- These are bodies having the composition of 
carbonic ethers (i. 799)i in which the oxygon is replaced, wholly or partly, by sulphur. 
The following table exhibits their names and formula?, the ethyl- and ethylene-com- 
pounds being taken as examples : 

Ethyl-monosulphocarbonic acid 


Ebhylic monosulphocarbonate • 


Ethyl-disulphocarbonic acid . 


Ethylic disulphocarbonate 


Ethyl-trisulphocarbonic acid . 


Ethylic trisulphocarbonate 

Ethylenic disulphocarbonate . 
Ethylenic trisulphocarbonate . 


co* s | c ;f 

= 

(?HM 0 

00*8 ^ C*H* 

, u 3 ( C-JP 

s=a 

C'H* 

co&l™ 

- 

C'H* ) 0 
( H r [® 

«w|gs 

- 

C’H 1 ) 0 

m* 

CS3{T 

- 

COP 1 q 

(%>fs 

0*H» 


C’H 5 1 „ 

COS 2 .C 2 II* 

- 

(CS)" ( 0 
(C-H*)"ls 

CS\C a H 4 

= 

A-l* 


It is not at presont known with certainty whether the mono- and disulphocarbonie 
ethers contain the radicle -CO or CS —whether, for oxample, ethyldisulphocarbonic 


C’IPIq 

acid should be regarded as (CS)' jg 1 


OTT 
’ or as (CO)’ 
II 


|s»; 


but the formulae above given are 


those which accord best with the principal reactions of these compounds. 

. Formation and Reactions. — a. The metallic salts of the acid sulphocarbon ic 
ethers are produced in the same manner as those of the oxycarbonic ethers (i. 801 ) : 
thus carbonic dioxide unites with sulphethyl&to (mercaptide) of potassium, to form 
•fthyl-monosulpliocarbonate of potassium, just as it unites with ethylate of potassium 
tv form the ethyl-carbonate ; and, in like manner, carbonic disulphide acta on 
ethylate of potassium or alcoholic potash, so as to form ethyl-disulphocarbonate of 
potassium ; and on mercaptide of potassium, or an alcoholic solution of the sulphydrate, 
so aa to form the ethyl-trisulphocarbonate, thus ; 


CO* + <C»H»)KO 
CO* + <C*H*)KS 
CS* + (C*H*)KO 
CS* + (C*H*)KS 


(C*H 3 4 )KCO*. Ethyl-carbonate. 
(C'H^KCO^S. Ethyl-monosnlphocarbonate. 
(C*H*)KCOS* Ethyl-disulphocarbonate. 
(C*H*)KCS*. Ethyl-trisulphocarbonate. 


3. The neutral sulphocarbonic ethers (containing monatomic alcohol- 

radicles), are produced by the action of the chlorides, bromides, && of alcohol-radicles 

on the metallic salts of the corresponding acid ethers, e.g . : 
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+ C*H*C 1 - KC 1 + (C*H»)«OS*. 

Ethylic tiisuN 
phocarbonate. 
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potuaic athyl- 

trlaulphocaroo- 


. t same neutral ethers are decomposed by hydrate or sulphydrate of potas- 

sium, especially in alcoholic solution, yielding a salt of an acid sulphocarbonic ether, 
together with alcohol or mercaptan ; c.g. : 


(C 2 IP) 2 C0 2 S + KHO 
(C 2 H A )*C0 2 S + KHS 
(Cm^COS* + KHS 
(C*H»)*COS* + KHO 


(C 2 H*)HO + (C*H s )KCO z S. 
(C 2 H*)HS + (C 2 H 4 )KCO*3. 
(C*H*)HS + (C*H‘)KCOS* 
(C Z H*)HS + (C 2 H*)KCO a S. 


3. Ethyldisulphocarbonic acid is resolved by heating (to 24°) into alcohol and car- 
bonic disulphide : 

(C*H 4 )HCOS 2 = (C 2 H')IIO + CS*. 

The decomposition of the free acid is therefore represented by an equation, exactly 
similar to that by which its potassium-sal t is formed : it is likewise analogous to that 
of ethylcarbonic acid (i. 801 ); but in the latter case the decomposition takes place 
spontaneously at ordinary temperatures, whereas ethyldisulphocarbonic acid may be 
separated in the free state from its salts, and decomposes only when heated. 

«. When iodine acts on a metallic salt of an acid sulphocarl ionic ether (an ethylsul- 
phocarbonute, for example) in alcoholic solution, peculiar compounds aro formed, called 
ethylsulphocarbonic sulphides. A molecule of iodine acts on two molecules 
of the ethyls ul phocarbonate, abstracting the two atoms of metal, while the residues 
of the two molecules of ethylsulphocarboiiiite remain united, forming othylsulpho- 
carbonic sulphide ; c.g. : 

2(C 2 H*)KCOS 2 + I* - 2KI + (C 2 IPO)*C 2 S«. 

PnUuftlc ethyl- Eihyl-dlsuLpho- 

dtiulphucarbonate. carbonic mil- 

ptilde. 

2(C*IP)KCO a S + I* « 2KI + (C a lPS) f C 2 0 4 . 

Pota&alc ethyl-mono- Kthyl-monoaul- 

•ulphocarbunate. phocarbonic 

•ulphtde. 


These bodies may bo regarded as compounds of carbonic dioxide or disulphide with 
alcoholic peroxides and persulphides, just as the ordinary sulphocarbonic ethers may 
be regarded as compounds of carbonic dioxide or disulphide with alcoholic protoxides 
and protosulphides. 

They are decomposed by heat, yielding a neutral Bulphocarbonic ether, together with 
carbonic oxide, dioxide, or disulphide and free sulphur; c.g. : 

C*H w 0 2 S 4 » (C 2 H 4 ) 2 C0 3 S + CS a + S. 

Ethyl-dUul- Ethyiic mono- 
phocArbouic aulpbocarbo- 

aulphide. nate. 


C*H I# 0 2 S 4 « (C*H 5 ) 2 COS 2 + CO + S 2 . 

Ethyl-duulpho* Ethyllc dl«ul* 
carbonic sulphide. phocarbonate. 


Ethyl -inono- 
»ul phocarbo- 
nic sulphide. 


(C*H») 2 C0 2 S 

Ethrlic mono- 
sulphocarbo* 


+ CO 2 + s. 


They ere also decomposed by hydrate or sulphydrate of potassium, sulphur being 
separated, and the potassium-salt of the corresponding acid sulphocarbonic ether Mjttg 
produced. 

£ The sulphocarbonic ethers of diatomic alcohol-radicles are formed 
by the action of diatomic alcoholic bromides, iodides, &c., on sttlphocarbonate of 
sodium; eg. 


(csy 

Na* 


Js* + (C’H , )'Br’ - 2NaBr + 


These ethers are oxidised by fuming uitric acid, yielding diatomic sulphurous ethers; 




CS)0 

C*H 4 {S 

Ethyl enic 
dUulpho- 


+ 0 » 


SO 


0» + CO a + 00*. 


Rthytenlc 

sulphite. 



-The potassium-salt of 


Sulphocarbonic Ethers containing Monatomic Alcohol-radicles* 
a . Allyl-compounds. 

OT|o 

Allyl-disnlphocarbonfc Add, C'H'OS 2 = (CS) w >g .— 1 

H ' 

this acid is obtained, in yellow needles, by treating allylic alcohol with potash and 
carbonic disulphide. (Hofmann and Cahours, i. 146.) 

ASlylle Trisulpbocarbonate, C T H 10 S S = (Hiisemann, Ann. Ch. 

Pharm. exxvi. 269.)— Produced by the action of allylic iodide on sodium-trisulpho- 
carbonute at ordinary temperatures, in the same manner as the corresponding ethyl- 
compound, It is a yollow oily liquid, having an extremely pungent and offensive 
odour; specific gravity = 0-943; boiling-point between 179° and 176°. It is con- 
■ verted by strong nitric acid into allyisulphurous acid, and by ammonia into sulpho- 
cyanate of ammonium and sulphydrate of allyl. 


Fjs 


(De 


/9. Amyl-compounds . 

C a H n 

Amyl-disulphocarbonlo or Xantbamyllo Acta, C‘H w OS* « (CSy 

H 

Koninck, Bull, de l’Acnd. de Bruxelles [2], ix. 546 —Erdmann, J. pr. Chem. 
xxxi. 1.— Balard, Ann. Ch. Phys. [3], xii. 307. — M. W. Johnson, Chem. Soc. Qu. J. 
v. 142.) — The potassium-salt of this acid is obtained by the action of carbonic disul- 
phide on a solution of potash in amylic alcohol ; and on treating this salt with hydro- 
chloric acid, the xanthamylic acid separates as a colourless or pale-yellow oily liquid, 
having a very disagreeable pungent odour ; it must be dried over chloride of calcium, 
to preserve it from decomposition. It reddens litmus Btrongly, burns with a very bright 
flame, colours the skin deep yellow,’ and appears to be somewhat heavier than water. 

• Amyldis ulphocarbonatc, or Xanthamylate of Ammonium (obtained in the prepara- 
tion of xanthamylamide, p. 493), crystallises from alcohol and ether in colourless 
prisms, which may bo sublimed by careful heating. It is decomposed by water, slowly 
also by exposure to the air, yielding, among other products, sulphocyunute of ammonium 
and a yellow 'oil.— The potassium-salt , C®H n KOS\ prepared as above, solidifies to a 
magma of crystalline scales, having a pale -yellow colour and nacreous lustre. It 
dissolves in water, alcohol, and ether, and precipitates many metallic solutions. 

The cuprous salt is obtained by precipitation with cupric sulphate, in lemon-yellow 
flocks — The lead-salt, C ls H 2a Pb"0 2 S\ is a yellowish- white precipitate, which blackens 
whgn boiled. On adding an alcoholic solution of lead-acetate to a strong solution of 
the ammonium-salt mixed with a large quantity of alcohol, and leaving the liquid to 
evaporate, xanthnmylnto of lead separates in small shining laminae (Johnson). — The 
mercurous salt, obtained by precipitation with mercuric chloride, is white, and does not 
blacken on boiling. — The silver-salt is a white precipitate, which blackens on boiling 
and on- exposure to light. 

a Aaayl-dUnlpbocarbonl© Sulpiride, C‘ I H tt O : S 4 * (C 4 H l, 0)*C S 4 

\t5*H ll S)*C*0®8*. Amyldioxysulphocarlxmate. (M. W. Johnson, Chem. Soc. Qu. J. 
V. 1 42 .) -^Produced by the action of iodine on xanthamylates (p. 495). Hydrate of 
* pottjriw-i* triturated in a mortar with amylic alcohol and carbonic disulphide, 
excess of amylic alcohol ; and tho product, after being mixed with a little 
is treated with powdered iodine. The reaction takes place rapidly, and amyl- 
mfeidphoc&rbonic sulphide separates as a yellowish odorous oil, which must be washed, 
andjjnen dried over chlorido of calcium. It begins to boil at 187°, and decomposes, 
yielding, amongst other products, an oil having the composition of amylic disulphocsr- 
oonate. With ammonia it yields amyldisulphocarbonate (xanthamylate) of ammo- 
n, amylic sulpnocarbamate (xanthamylaraide), and a deposit of sulphur: 

C w H«0 8 S 4 + NH* « C®H«OS* + C«H'*NOS + 8. 


mum, 


Xitnthamy. 
lit acid. 


Xanthamrl- 

amide. 


AxnyUo BliulphsoevtMmats, C' l H”OS* • (C^H^sS* Xanthamylic Ether, 

(Desains, Ann. Ch. Phys. [2], xx. 505.) — Obtained by distilling the product of the 
action of iodine on xanthamylate of potassium. It is an amber-coloured oil, having 
a strong ethereal odour. 

MsthyS^mylic Disulp Ho carbonate, (CH*XC a H n )COS®, in obtained, accord- 
ing to Johnson, bv distilling a mixture of amyldisulphocarbonate and methylsulphate 
of potassium. When digested with ammonia, it yields x&nthaxqyl&mide. - 
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Ethylamflic Disulpkocarbonate, (OTPXCPH'^COS*. obtained in like manner, 
is a yellow OlL * Jp ; . 

AmjUo TrUalphoearbonatet C'OT «= \ S *‘ (Hiisemann, Jhfia* vf 

Ch. Pharm. cxxvi. 269). — Prepared, like the corresponding ethyl-compound (p. 500), 
by the action of amylic iodide in alcoholic solution ou trisulphocarbonate of sodium. 

It is a yellowish oily liquid, having an unpleasant odour, insoluble in water, soluble 
in alcohol, ether, chloroform, and benzol. Specific gravity «■ 0*877* Boiling-point 
between 245° and 248°. 


y. Cetyl-compound. 

Cetjrldlsulplio carbon to Add, C ,7 H ,4 OS* =» (C N H n )HCOS 9 . Sulphooarbocetic 
Acid. Xantkocetic Acid. (I) e s a i n s and DelaProvostaye, Ann. Ch.Phys. [3], vi. 
494.) — Known only as a potassium-salt, C'*Il“K0S a , which is prepared by adding 
pulverised, potassium-hydrate to cetylic alcohol saturated with carbonic disulphide, 

• and gently nesting the pasty mass, which forms after some hours, with #&ur times its 
volume of alcohol ot 40°, keeping the temperature below the boiling-point. The solution 
on cooling deposits the salt in bulky flakes, which may be purified by successive washing 
with’ alcohol and ether. After drying in the air, it forms a very fine crystalline powder, 
having a faint odour, and unctuous to the touch ; it is very hygroscopic, but is not 
wetted by water. When digested with hydrochloric acid it reproduces cetylic alcohol. 

The alcoholic solution of the potassium -salt forms, with tnercuric chloride , a white 
precipitate; with acetate of lead a white, and with nitrate of silver a yellow precipitate, 
both of which blacken rapidly ; with zinc-salts, a white gelatinous precipitate. 

8 . Ethyl -compounds. 

Stbjlmoooiulphootrbonlo Add, G'H'OVS =» (C 2 H 4 )HC0 2 S. (Debus, Ann. 
Ch. Pharm. lxxv. 130 , 136 , 142 ; lxxxii. 253 .) — The potassium-salt of this acid is 
produced by the action of hydrate or sulphydmte of potassium on etliylic monosulpho- 
carbonate, or of potash on ethylic disidphocarbonate (see equations, p. 496, 7). Chancel 
prepares it by passing carbonic anhydride into an alcoholic solution of potassic mer- 
captido : 

C*H S KS + CO* - (C*lP)KCO*S. 

Ethylsulphocarbonat© of potassium crystallises in long needles or shining colour- 
less prisms, apparently isomorphous with xantliato of potassium. It is vory soluble 
in water, but not deliquescent. Its aqueous solution docomposos gradually at ordinary 
temperatures, and instantly at the boiling heat, yielding ethylic carbonate, sulphide and 
sulphydmte, together with alcohol. 

Bthylmonosulphocarbonio Sulphide, C*H ,# 0 4 S f — (C 2 H 4 0) 2 ,2C0S 

(C*H 5 S)*.2CO*. Bicarbonate de bi sulphur e d'tthylc. (Chancel, Compt. rend, xxxii.’ 
644.)— Obtained by adding iodine to an alcoholic solution of potassic ethylmonosul- 
phocarbonate (p. 496). It is a colourless highly refractive oil, insoluble in water, 
very soluble in alcohol and ether, heavier than water ; stains paper. It is decomposed., 
by alcoholic potash , yielding ethylraonosulphocarbonate and sulphide of potassium/ 
together with sulphur. — With alcoholic ammonia , it yields sulphur, sulphyaratsy and 
carbonate of ammonium, together with crystals, probably consisting of ethyh o dSXjm - 
mate (urethane). — When ammonia-gas is passed into its ethereal solution, ^ 

sulphur are deposited, and the liquid retains in solution sulphide and lllopblip# dtf'W 
ethyl (i. 133): “ 

2C*H'*0 4 S* + 4NH> - 2C*H*N*0* + C 4 H'°S ♦ S 2 + H 2 S + . 

Ethylic alio- Ethylic ■ % 

phautie. mlphiJe. 

Itbyllo Monosnlphooarbonatsy C*H’ a 0*S « (C 2 H i ) 2 C0 2 S. (Debus, Ann. Ch. 
Pharm. Ixxv. 136.) — Produced : I. In small quantity by the action of ethylic chloride 
on ethylmonosulphocarbonate of potassium (see equations, p. 494, 6). — 2. In larger 
quantity by diy distillation of ethyldisulphocarbonic sulphide, obtained by She action 
of iodine on xanthate of potassium. The decomposition begins at 130°, and becomes 
violent at 170° ; so that it becomes necessary to remove the source of heat, and leave 
the action to go on by itself. The first portion of the distillate thus obtained is a 
mixture of carbonic disulphide and ethylic monoeulphocarbonate ; the latter consists of 
ethylic diaulphoc&rbon&te, distilling at 200° (see equations, p. 494, •). The monosui- 
phocarbonate must be rectified till it boils constantly at 162'. . g M* 

Ethylic monoeulphocarbonate is a strongly refracting liquid, having jw pleasant 
ethereal odour. Specific gravity «* 11)32 at 1 , It is insoluble in watgr, bus dissolves 
easily m alcohol and- ether. Mixed with alcoholic sulphydrats df poUtsehum and 
* KK 
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cooled to 0°, it deposits crystals of potass ic ethylmonosulphocarbonate, white othylic 
tulphydrate remains in solution ; with alcoholic ‘potash, the same products, together with 
alcohol and potaesie carbonate (see equations, p. 495, y). Whon saturated with am- 
monia-gas and concentrated, it yields yellow needles, mixed with a gelatinous substance, 

gthyliUmlphoeayhonlfl qr Xantblc Add, C 3 H«OS 2 r= (C 2 IP)HCOS*. (Zeise, 
Schw J. xxx vi. 1 ; xliii. 160; Pogg. Ann. xxxv. 457.— Couerbe, Ann. Ch. Phys. [2] 
lxi. 226. — Sacc, Ann. Ch. Pharm. li. 346.— Debus, ibid, lxxii. 1 ; lxxv. 121 ; lxxxii. 
263. — Desains, Ann. Ch. Phys. [3] xx, 496. — Hlasiwetz, Ann. Ch. Phanm cxxii. 
87 .) — The potassium-salt of this acid is produced by adding carbonic disulphide to 
alcoholic potash, or by the action of polassic sulphydratc on neutral ethylic disulpho- 
carbonate (xanthic ether). 

When fused hydrate of potassium is dissolved in half its weight of absolute alcohol, 
carbonic disulphide then slowly added till the liquid no longer exhibits an alkaline 
reaction, and the mixture cooled to 0°, xanthate of potassium separates in* colourless 
needles, and an additional quantity may be obtained by evaporating the mother-liquor 
in a vacuum, after the excess of carbonic disulphide has been separated by water. To 
obtain the free acid, the potassium-salt is placed in a large cylindrical vessel, and 
treated with dilute sulphuric or hydrochloric acid ; a milky liquid is then formed, 
from which the acid may be more completely separated by further addition of water. 

Xanthic acid is a colourless oil, heavier than water, and insoluble therein ; it has 
- a strong odour, and its tasto is acid, astringent, and bitter. It first reddens litmus, and 
tlien bleaches it. It is very inflammable, and gives oft; in burning, the odour of sulphu- 
rous acid. It cannot bo heated without decomposition, becoming turbid at 24°, then 
beginning to -boil, and being resolved into alcohol and carbonic disulphide: (HPOS* 
= C'“H“0 + CS*. When exposed to the air, it becomes covered with a white crust. 
It expels carbonic acid, from its alkaline salts. 

C*H 3 

The xanthatos or ethyldisulphocarbonates, (C8) M 

M 

distillation, yielding chiefly carbonic anhydride, sulphvdric acid, carbonic disulphide, 
and a sulphuretted oil, and leaving a residue of metallic sulphide mixed with charcoal. 
The oil, called by Zeiso xanthogenol , appears to bo a mixture of ethylic sulphide and 
sulphydratc with another sulphuretted body. 

The xanthutes of tho alkali-metals are very soluble in water and in alcohol. The 
ammonium-salt is obtained by saturating the acid with ammonium-carbonate, or by 
decomposing tho barium-salt with ammonium-sulphate. 

Xanthate of Potassium, (C*IP)KCOS J , is most easily prepared by adding to absolute 
alcohol an excess of very puro caustic potash and an excess of carbonic disulphide. 
The mixture immediately solidifies to a mass of interlaced silky needles, which must 
be washed on a filter with ether, then pressed between bibulous paper, and driod over 
oil of vitriol. 

Tho salt crystallises in shining colourless prisms, which turn slightly yellow on 
exposure to tho air. It is very soluble in water and alcohol, but insoluble in ether. 

. Its aqueous solution decomposes wh en heated above 50°, yielding potassic trisulpliocar- 
, ;,bonat^ alcohol, sulphydric acid, and carbonic anhydride: 

2C*IPKOS* + 2IDO * K 2 CS> + 2C 2 II 5 0 + IPS + CO* 

:fhLib» dnP Sttftfo, it may be heated to 200° without alteration ; at higher temperatures, 
HiPfreson ethylic snlphydrate (mercaptan), sulphydric acid, water, and carbonic oxide, 
leaving a residue of potass ic sulphido mixed with charcoal. Tho solution, heated w ith 

S i, is resolved into mercaptan and potassic ethylmonosulphocarbonate (p. 497). 
chlorine, it yields chloride of potassium and a sulphuretted acid oil. With 
, it yields ethyldmilphocarbonic sulphide, C*H , *0*S‘ (pp. 497, 499). Fuming 
nitric ncid decomposes the xanthate with violence. 

Xanthate of Sodium forms yellow^ needles. — Tho barium-salt , C*H Jfl Ba"0 , S 4 .2H 7 0, 
forms very unstable laminae, soluble in water. — The calcium-salt is a gummy mass. 

. The soluble xanthatos form a white precipitate with load-salts, yellow with cupric 
salts (hence the name of the acid), light-yellow with argentic and mercurous salts, the 
last-mentioned precipitate, however, quickly becoming brown and black. 

The xanthates of the heavy raetftls may be obtained in the crystalline form, by 
decomposing a solution of’ sodium-ethylate in a large quantity of carbonic disulphide 
with the solid chlorides of the heavy metals, the mixture being kept at the boiling- 
point till the reaction is complete. 

The liquid chlorides of antimony, arsenic, and tin, mixed with 3 pts. carbonic 
disulphide, are introduced into the solution of sodinm-ethylate by a dropping apparatus, 
the Mtioh being moderated by cooling. The liquid is separated from the resulting 
chloride of sod mm by pressure through fine linen, and the crystals obtained by its 


| g ’ are decomposed l y 
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spontaneous evaporation are purified by rocrystallisation from carbonic disulphide, and 
finally by rapid washing with ether. The antimony-, arsenic-, and iron-salts dissolve 
readily in carbonic disulphide, even in the cold ; the chromium-, cobalt-, and nickel- 
salts on warming ; the tin- and mercury-salts, which crystallise most quickly, require 
prolonged boiling to dissolve them. These salts are likewise soluble in ether and in 
alcohol. (Hlasiweta.) 

Xanthate of Antimony, J (COS*)* * S** P^P 113 ™ 1 as above with 

pent&cbloride of antimony, forms large, lpmon-yellow, triclinic crystals, which 
behave like the following. — Xanthate of Arsenic , (C , H*) , As"\COS 1 ) B , forms nearly 
colourless monoclinic tables, which melt easily, are decomposed by heat, leaving a 
residue of arseuious sulphide, and are decomposed by warm hydrochloric acid. — Xan- 
thate of Bismuth, (C 2 H 4 )■Bi"’(COS , )^ crystallises in shining golden-yellow lamimeand 
tables'.— Xanthate of Chromium, (C*H a ) , Cr" # (COS , )" l forms shining dark-blue crystals, 
dissolving with violet-blue colour in carbonic disulphide. — Xanthate of Cobalt, 
(C*H*) 2 Co ,, (COS *)* 1 forms large, well-defined, black crystals, dissolving in carbonic 
disulphide with dark grass-green colour. ( H 1 a s i w e t z. ) 

Copper-salts. — Xanthate of potassium, added to the solution of a cupric salt, forms at 
first a black-brown precipitate of cupric xanthate , which quickly changes into beauti- 
ful yellow flocks of cuprous xanthate. This salt is not sensibly attacked by sulphydric 
acid, but alkaline sulphides decompose it immediately. It is decomposed by hot 
hydrochloric and sulphuric acids, and strongly attacked by nitric acid. (Zeisc.) 

Ferric Xanthate, (C*IP)“Fe'"(COS a )*, crystallises in very fine, regularly formed, mono- 
cliuic crystals, having a black colour, and dissolving in carbonic disulphide with brown- 
black colour. (Rlasiwetz.) 

Xanthate of I^ead, (C 2 lI 6 ) a Pb"(COS a )* prepared by adding carbonic disulphide and 
hydrate of lead to alcoholic potash, crystallises in colourless silky needles, very stable, 
insoluble in water and in ether, moderately soluble in boiling alcohol. It is slowly 
decomposed by sulphydric acid, immediately by sulphide of ammonium. Its solution 
is gradually decomposed by boiling, more quickly on addition of |>otasb, depositing 
sulphide of lead. A solution of cupric sulphute poured on the crystals immediately 
transforms them into yellow cuprous xanthate. (I)obu s.) 

Mercuric Xanthate, ( C 2 I i 0 ) a J I g"( COS- )* , prepared by the method of Tllasiwetz, crys- 
tallises in scales having a satiny lustre. — The nukcl-sait , (C a ll v ) v Ni "(COS*)*, crystallises 
in large, black, monoclinic tables, dissolving in carbonic disulphide with yellowish- 
greeii colour, (lllasi wetz.) 

Concentrated solutions of silver-salts form with soluble xanthates, a black precipi- 
tate ; dilute solutions give a yellowish precipitate, which quickly blackens.. (Zeise.) • 

St a arums Xanthate, {U z \\* fori' (COS*)* , prepared, according to t he method of II Iasi wexz, 
with stannic chloride, crystallises in shining golden-yellow laminin and tables. 

Stbyldtsulphooarhonlo Sulphide, C‘H‘°0»S 4 » (G-H*0) 3 .2CS*. Aethvl- 
d ioxysu Ip hoearho nat. (De sains, Ann. Oh. Phys. [3] xx. 469 . — Pc bus, Ann. vhi 
Pharm. lxxii.l ; Jahresb. 1849, p. 419.) — Produced by the action of iodine on xanthates. 
If an alcoholic solution of potassic xanthate, exactly decolorised by iodine, be. left tp 
evaporate at a moderate temperature, this compound is deposited, after a few cays, in 
lamellar crystals, which may be purified by washing with water. It may qlso be p£ 0 -, 
pared from xanthate of lead. 

Ethyldisulphocarbonic sulphide molts at the he.it of the hand to a ytllowiriffnl, 
insoluble in water, and having a very persistent but not unpleasant odour. It is rery 
soluble in absolute alcohol and in ether. Its solution does not precipitate acetate of 
lead; when boiled with nitrate of silver, it gives a precipitate of sulphur. WitfjPpijcjr- 
curic chloride it forms a white precipitate, which blackons at 40° ; and with plalimc 
chloride, after a while, a brown pulverulent precipitate. 

It is decomposed by heat, the decomposition commencing at about 130°, and two 
modes of decomposition going on simultaneously, viz. : 

C*H* # 0*S 4 « WWOW + CS* + S. 

Ethjlic momv 
•ulphocarbonato* 

and OTW - 0»H«0S* + CO + S*. 

Ethyllc dlcnl- 

pbocarbonate. 

With alcoholic potash, it yields a deposit of sulphur and a solution of potassic xanthats, 
carbonate, and sulphide : 

C'H-O'S* + 2K*0 - C*H»KOS* + C*H*KO» + K*8 + 8. 

Xsmhste. Elhyl-csr- 
bonau. 
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C*H*KO* + KHO - K’CO* + 0*H*O. 

RthyUcar. Carbonate. Alcohol, 

bonate* 

With sulphydraie of potassium^ it yields sulphur, a large quantity of sulphydric acid 
gas, and a solution or xanthate : 

C*H ,0 O v S 4 + 2KHS - 2C>H a KOS 2 + H*S + S. 

Ammonia-gas passed into its alcoholic solution forms xanthate of ammonium and 
ethylic sulphocarbamate (xanthamide, p. 491) : 

C"H ,0 O 2 S 4 + NH* - C*H*OS 2 + C’HTCOS + a 

Xanthic Xantha- 

acid. mide. 

j Hydrochloric acid maybe distilled over ethyl-disulphocarbonic sulphide without decom- 
posing it. Sulphuric acid attacks it in the cold, evolving sulphurous anhydride. 

Potassium or sodium added to its ethereal solution mix**! with a little alcohol unites 
rapidly with it, forming a xanthate (Dree ha el, Zeitschr, f. Chem. 1865, p. 853): 

(C 2 H s O) a C ? S 4 + K 2 - 2(C 2 H a )KCOS 2 . 

XSttayllo Disulpbocarbonate or Xantbate. Xantbto Stber. C*H ,§ OS* = 
OW).. 

(CS)’')\,. (Zeise, Ann. Ch. Pharm. lvi. 29. — Debus, ibid. lxxv. 121.) — Produced: 
C*U* * h 

— 1. By the action of ethylic chloride on potassic xanthate. — 2. By the dry dis- 
tillation of ethyl-disulphocarbonic sulphide (p. 499). It has a pale-yellow colour, 
a sweetish taste, and a not very disagreeable odour ; is neutral to test-paper, and has 
a specific gravity of 1*0703 at 18°. It boils at 200°; burns with difficulty, if not 
previously heated. 

Xanthic ether is quite insoluble in water ; alcohol and ether dissolve it in all propor- 
tions. It dissolves iodine , forming a brown liquid. Potassium attacks it but slightly, 
and only when heated. It is decomposed by strong sulphuric acid , and by a mixture of 
that acid with fuming nitric acid, forming oily products: it is not attacked by hydro- 
chloric acid. Itsalcoholic solution forms a white precipitate with mercuric chloride. It is 
not decomposed, by mercuric oxide, or by protoxide or peroxide of lead, even whenheated 
therewith. With an alcoholic solution of hydrate or sulphydraie of potassium, it yields 
mercaptan and othylmono- or ethyl-disulphocarbonute of potassium. — When ammonia- 
gas is passed into its alcoholic solution, and the liquid then left to itself for a day, it 
yields a distillate of ethylic sulphide and ammonium-sulphydrate, and a residue of 
ethylic sulphocarbamato (xanthamide) : 

2C*H 10 OS a + 2NH* IPS + (C*IP)*S + 2C*H»NOS. 

Ethyl-methylio Disulphocarbonatc , C 4 H 8 OS 2 « (CH*)(C 2 H 4 ).COS 2 . 

(Chancel, Ann. Ch. Phys. [3] xxxv. 468.) — Obtained by distilling together 
1 at. xanthate and 1 at. methylsulphate of potassium. It is a pale-yellow limpid 
liquid, having a specific gravity of 1*123 at 11°, a sweet taste, and a strong, ethereal, 
not unpleasant odour. It boils at, 179°, and distils entirely without decomposition. 
Vapour-density « 4*652. It easily takes fire, and burns with the blue flame of 
sulphur, emitting large quantities of sulphurous anhydride. It is insoluble in water, 
but soluble in alcohol and ether. Ammonia converts it into xanthamide and methylic 
sulphydrate. 

Btbyl-trtaulpbocarbonio Add. C a H 4 S* - (CTP)HCS 1 . Trisulphurethd 
Carboytttic Acid. Sulphoxanthic Acid. (Chancel, Compt. rend. xxxii. 642.)~-The po- 
tasshpn;**lt of this acid, C # H 6 KS*, is formed by the direct union of carbonic disul- 
phide with sulphethylate (mercaptide) of potassium. It is a white salt, soluble in water 
and in alcohol ; forms yellow precipitates with silver-, mercury-, and lead-salts ; and 
with copper-salts a precipitate of a very brilliant scarlet colour, resembling mercuric 
iodide. These precipitates decompose quickly when heated, yielding metallic sulphides. 
The precipitate formed iu a solution of cupnc sulphate, is a cuprous salt, whose forma- 
tion is accompanied by that of a persulphide, probably containing CH ,# S* » 
(OH*S)*.2CS 8 . The potassium-salt decomposes at 100° into pent&sulphide of potassium, 
and an oil having the composition of allylic sulphide : 

2C*H*KS* - K*S* + (C $ H*)*S. 

■tbylic Trlso 1 pb ooarb onate. C*H'*S 8 - (C*H«)*CS* Sulphocarbonate of 
Ethylic Sulphide. (Schweitzer, J. pr. Chem. xxxii. 254. — Debus, Ami Ch. 
Pharm. lxxv. 147.— Hiisemann, GottingerNachrichten, 1861, p. 275 ; Jahresb. 1861, 
p. 344.) — This ether is produced : 1. By the action of ethylic chloride or iodide on tri- 
sulphocarbonate of potassium. Vapour of ethylic chloride is passed into the red 
liquid precipitated on saturat ing an Alcoholic solution of neutral potassic sulphide with 
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carbonic disulphide ; the liquid is then left -at rest for a while, and the vapour again 
passed into it Chloride of potassium is then gradually deposited, and on adding 
water to the decanted liquid, ethylic trisulphocarbonate separates as an oil, which may 
be purified from excess of carbonic disulphide by washing, rectification, and agitation 
with aqueous potash (Schwei tzer).— 2, Trisulphocarbonate of sodium is mixed in a 
long-necked flask provided with an upright condensing- tube, with an alcoholic solution 
of ethylic bromide or iodide. The mixture soon becomes heated to the boiling-point, 
and the reaction is complete in about a quarter of an hour. The ethylic trisulphocar- 
bonate thus produced is separated from the alcoholic solution by water, then dried 
over chloride of calcium, and distilled till it exhibits a constant boiliug-point. (Hiise- 
mann.) 

Ethylic trisulphocarbonate is a yellow oil, heavier than water, insoluble therein, veiy 
soluble in alcohol and in ether: it has a slightly alliaceous odour, and an* agreeable sac- 
charine taste, somewhat like that of anise. According to Schweitzer, it becomes red 
when heated, and boils between 237° and 240°. According to Hiisemann, it boils con- 
stantly at 240°. It burns with a blue, flame. Alcoholic potash quickly decomposes it 
into trisulpliocarlionate of potassium and sulphydrato of ethyl. 

According to Berend (Ann. Ch. Pharm. cxxviii. 333), this ether unites directly with 
bromine, without evolution of hydrobromic acid, forming the compound CMI^S^Br*, 
which dissolves in ether, benzol, carbonic disulphide, and excess of bromine, and 
crystallises from the latter by slow evaporation in large six-sided prisms. It is decom- 
posed by water, with formation of hydrobromic acid ; potash also abstracts the bro- 
mine, reproducing the original ether. The bromine is also separated by strong nitric 
or sulphuric acid. 


f. Methyl ^compounds, 

Metbyl-dlsulphocarbonic Acid. (CII’)HCOS 3 . X an tho met hylic Acid. (Du- 
mas and Peligot, Ann. Ch. Pharm. [2] xxiv. 65. — De sains, ibid.. [3] xx. 604.) — 
The potass i urn- salt of this acid, (CH^RCOS 8 , obtained by adding carbonic disulphide 
to a solution of potash in wood-spiri!, crystallises in silky fibres.— Tho lead-salt con- 
tains (CH»)*Pb"(r0 2 S 4 . 

The aqueous solution of the potassium-salt, treated with a solution of iodine in wood- 
spirit, deposits oily drops of mothy 1-diaulphocarbonic sulphide, C 4 H*O a S 4 ** 
(CJH*0)*C*8 4 : 

2(CII»)KCOS* + 1* - 2KI + C 4 H*0*S 4 . 

Methyllo Diiulphoearbonate, C*H*OS* « (CH*) 8 COS*. Xa nthom ethylic 
Ethir . ^Cahours, Ann. Ch. Phys. [3], xix. 168. — Zeise, t bid. p. 123.) — When the mix- 
ture of potassic mothyl-disulohocnrbonate and iodine just mentioned is heated, the 
luethyl-dieulphocnrbonic sulphide first formed is decomposed, sulphur and potassium- 
iodide being deposited, and carbonic oxide evolved ; and on adding water to the mixture, 
methylic disulphocarbonate is deposited in the form of an oil : 

C 4 H‘0*S 4 t= (CH l ) 2 COS* + CO + S*. 

This ether is a very mobile, slightly yellowish liquid, having a strong, persistent, 
slightly aromatic odour. It boils at 170° — 172°. Specific gravity of the liquid «* 
1*143 at 16°; of the vapour, 4*268, With alcoholic potash, it yields methylic eulphy- 
irate and carbonate of potassium. 

Metlayllo Trlaulpbocarbonate, (CH*)*CS*. (C a hours, Ann. Ch. |>hy». [3J, 
xix. 163.) — Obtained by distilling a mixture of the concentrated solutions tjl^calcic 
methylsulphate and potassic trisulphocarbonate. It is a yellow liquid, having a 
strong pungent odour, nearly insoluble in water, but dissolved in all proportions by 
alcohol and ether. Boils at 200° — 206°, Specific gravity «= 1*169 at 18°. Vapour- 
density — 4*652. With bromine it forms red crystals, containing, according to 
Cahours, CPIPBi^S 1 = (CH*Br)*CS*; according to Berend, on the contrary (Ann. 
Ch. Pharm. cxxviii. 333), the methylic trisulphocarbonate unites directly with the 
bromine, without elimination of hydrogen. 

Bidphocarbonic Ethers containing Diatomic Alcohol-radicles. 

Aayleaie Trlfulpboearbonate, (0*2*)* \ by the action of an 

alcoholic solution of amylenic bromide on trisulphocarbonate of sodium, is a somewhat 
viscid liquid, of more or less yellow-brown colour, and specific gravity « 1*073. 
(Husem&nn, Jahresb. 1862, p. 434.) 

Stttjr lento Triaulpbocmrbo nate, CS.C 7 H l .S t . (Huiemann, Ami. Ch. Pharm. 
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exziii. 83; Jahresb. 1861, p. 661 .) —Obtained by the action of alcoholic bromide of 
ethylene on trisulpbocarbonate of sodium. It i s but slightly soluble in alcohol, and 
separates, during the reaction, as a thick golden-yellow liquid ; and by dissolving it 
in ether or ether-alcohol, and leaving the eolation to evaporate, it is obtained in large, 
transparent, yellow crystals, which are combinations of a rhombic prism with a rhombic 
octahedron resting on the prismatic faces, and a macrodome. It has an unpleasant 
alliaceous odour, dissolves slowly in alcohol, better in ether-alcohol and in ether, very 
easily in carbonic disulphide, benzol, and chloroform. It melts at 66*6°, and when 
once fused, solidifies again but slowly. Specific gravity ** 1*476. 

Ethylenic trisulphocarbonate is converted by ammonia into sulphocyanate of ammo- 
nium and ethylenic sulphydr.tte: 

c .CSjs* + 2NH* - agjH + . 


Heated with sulphydrate of potassium , it yields ethylenic sulphydrate and potassium- 
trisulphocarbonatc. Chlorine acts strongly upon it, producing great heat, which 
causes the crystals to melt, and forming a dark-red, very fetid liquid. Moderately 
dilute nitric acid removes one-third of the sulphur, and converts the ether into 
ethylenic disulphocarbonate (infra) ; but fuming nitric acid heated with it as long 
as nitrous fumes are evolved, removes the whole of the carbon, as well as one-third 

of the sulphur, and converts it into ethylene-sulphurous acid, j£* j 

(Uuckton and Hofmann’s disulphetholic acid). See Sulphurous Ethers. 


Ethylenic Dlsulphooarbonate or Xanthate, (J*usemann t Ann. 

Ch. Pharm. exxvi. 269.) — Ethylenic trisulphocarhonale, treated, as above mentioned, 
with moderately dilute nitric acid, yields this compound us a white crystalline mass, 
which, after pressure between paper, crystallises from alcohol in long thin rectangular 
tables. It distils in a stream of hydrogen, without decomposition ; is insoluble in 
water, but dissolves easily in alcohol, ether, chloroform, and benzol ; and separates from 
the last two liquids as an oil, which docs not solidify till touched with the crystallised 
ether. 


Methylenio Trlsulphooarbonate, CS.CH*.S*. (Hiisemann, Ann. Ch. Pharm. 
exxvi. 269; Jahresb. 1862, p. 433.) — This compound separates, on gently heating an 
alcoholic solution of methylenic iodide with trisulphocarbonato of sodium, as an amor- 
phous, yellowish-white, inodorous powder, which is insoluble in water, and is con- 
verted by fuming nitric acid into inothylunc-sulphurous or disulphometholic acid, 
(S0)*CH*.H*O 4 . 

Tritylenio or Propy lento Trlsulphocarbonate, CS.CHP.S 3 , obtained in like 
manner with bromide of tritylono, is a thick brownish-yellow liquid, insoluble in 
water, and having an offensive odour. It has a specific gravity of 1 - 31 at 20°; cannot 
be distilled without decomposition, except in a stream of hydrogen; is converted, by 
moderately dilute nitric acid, into a light-yellow resinous mass; by the strong acid 
into trityloiie-sulphurous (disulpbopropolic) acid. (Hiisem&nn.) 

- Tetrylenio or Bntylenlo Trisulphocarbonate, CS.C 4 H S .S*, obtained in like 
manner, is a more mobile liquid, having a somewhat yellowish-brown colour, and a 
specific gravity of 126 at 20 5 . (Hiisemann.) 

SULPHOCARBOVIKZC ACID. Syn. with EthYL-DISULPHOCARSOHIO 07 Xak- 
thic Aoid (p. 498). 

IITIPBOOITZO AOID. Syn. with Cbtylsulphubic Acid. (See Sulfhubio 

Ethers) 

tvmoca&OIOBlirSAMXD& C'H’CUTOO* - (C , H*C1S0>) 1^, 

(CWC10)" )Na 

(SO)" Iq . (R. Otto, Ann. Ch. Pharm. oxxiii. 216.) — An amide produced by 

the action of alcoholic ammonia on sulphochlorobensoic chloride, C*H v ClSO a .Gl t . It 
forms yellowish crystalline grains, easily soluble in absolute alcohol and in ether. 

mnoonoBoaiirzoio acid. C'H*oiso* - (CHWlsj*) | o» _ 

rc»H*ao)') 

(SO)" >0*. (Otto, loo, cit. ) — Produced by treat! ng monochlorobensoic add with 

H* } 

sulphuric anhydride. The viscid mass is gently wanned with a little ordinary 
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sulphuric add, till, on diluting with water.only a small quantity of chlorobeiuoia acid 
remains undecomposed. The dilute solution is neutralised with carbonate of load, 
and the filtrate is evaporated j whereupon s ulphochlo robentoatc of lead , C T H a JEVClSO*, 
3H*0, is at first deposited in concentric groups of silky needles, afterwards a granular 
mass, probably a mixture of the neutral and acid lead-salts, 

Suiphochlorobenaoic acid, obtained by decomposing the lead-salt with sulphuretted 
hydrogen, is easily soluble in water, alcohol, and ether, and crystallises from the 
aqueous solution in long white hydrated needles. 

The neutral potassium-salt, C 7 H*K ? ClSO*.3H a O, forms small needles, which dissolve 
readily in water and in alcohol, and give off their water at 120°. — The avid salt, 
2C l ll 4 KC180 4 .3H a 0, crystallises from alcohol in concentric groups of needles, some- 
what less soluble than the neutral salt. 

The neutral barium-salt , C 7 H a Ba'ClSO a .2H s O, forms indistinct crusts ; the acid salt , 
C ,, H B Ba"Cl , S s 0 ,a .4H 2 0 ! sometimes forms solid, well -developed, wavellitic crystals, 
sometimes granular crystals. 

The acid calcium-salt, C M ll B Ca"Cl v S a 0 ,0 .31i 3 0, separates from hot dilute alcohol in 
large crystals resembling cupric sulphate. 

(C ? H , C10) 1 ') 

Disulphochlorobtnzoic Acid, C 7 H 4 ClS*O a =» (SO)* >O a f is obtained, to- 

ll? ) 

get her with sulphoehlorobonzoic acid, by heating the product of the action of sulphuric 
anhydride on chlorobenzoic acid for some time with ordinary sulphuric acid. 

8TTX»*HOCHOX£2C ACID. Syn. with Taukocholio Acid. 

svxdraocxmrAMzc acid, chw - (0 , H*so>)"j 0 , - ^'(soy^ jo*. 

(Herzog, J. pr. Chcm. xxix. 51.) — Obtained by mixing 1 pt. cinnamic acid with 8 to 
12 pts. filming sulphuric acid of specific gravity 1*92 to T87, saturating the diluted 
solution with carbonate of barium, decomposing the filtered liquid with basic acetate 
of lead, and treating the precipitate with sulphuretted hydrogen. 

Sulphocinmiraic acid remains, on evaporation in vacuo, ns an amorphous slightly 
hygroscopic mass, very soluble in water and in alcohol. From its alcoholic solution 
it. is deposited, by spontaneous evaporation, in elongated prisms containing CTHSO 4 , 
SfHO. It precipitates the solutions of basic lead-acetate and mercurous nitrate, also 
that of barium-eliloride after sonic time. 

8 u 1 p h o c i n n a mate s. — Sulphoci utmmic acid is dibasic, forming neutral salts, 
C t H 8 M*S0*, and acid salts, C 8 ll 7 M»S0 5 , or, for diatomic motuls, G"‘II U M"8 2 0 , ° « 
C*1 l a M"SO\C a H a SO\ The sulphocinimmates are for the most part yery soluble in water. 
Thowo of the alkali-metals and alkaline earth-metals yield, when heated, a mixture of 
sulphate and sulphite, and after strong calcination, a residue from which acids eliminate 
sulphuretted hydrogen. 

Tho neutral Ixirium-salt, C 8 H a Ba“S0 s .H a 0, is nearly insoluble in water. When 
boiled with water acidulated with nitric acid, it deposits needles of the acid V alt, 
C , *H ,4 Ba , S*0 ,> . 2U a O. The latter is slightly soluble in water and in alcohol, permanent 
in the air at ordinary temperatures, but becomes dull and gives off its water at 100°. 
Tho crystals dissolve readily in dilute aqueous ammonia, and tho solution, after a 
short time, deposits prisms, which give off water and ammonia on exposure to 
the air. 

The neutral pot assiu?n- salt, OIHK’SO*, obtained by double decomposition, is amor- 
phous, and vory soluble, in water — Tho acid salt, OTHKSO* obtained by adding hydro- 
chloric acid to the solution of the neutral salt, crystallises in agglomerated needles. 

The silver-salt , C*H*Ag*SO*, is obtained by decomposing the barium-salt with 
silver-sulphate, and evaporating in a vacuum, as a grey amorphous shimng*crust, 
easily decomposed by heat. 

mfBOCVMWnC JLCX2K Syn. with CuHKMTL-strLFHUBous A cm (See 
Sulphurous Ethers.) 

SUUROCVJICnS' (C*H n )*SOV — This compound appears to bo formed, 
together with cumcnyl-sulphurous acid, when eumol is treated with fuming su phuric 
acid, and separates, on dilution with water, a a a solid body, insoluble in water, 
alcohol, ether, and benzol. (Beilatein and Koglcr, Jahresb. 1865, p. 559.) 

(cwor /s 

StrLTHOOTAlTAOVnC AGO. C*HWSO* - CN [J. Syn. with 


TmOCTAKOOLTCOLUC ACID (f. «.)• 
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•VSnOOT4lno ACID. CNHS - C g|s - |w. BydronOpioeyanie 

Acid, StUphocyankydric Acid. Sulphocarbimide.—Sulphuretted Chyazic Acid (P o r - 
re tt ). — Schwefelbtausdurey Blutsaure, Andrazothionsaure (G- rot thus).— Rhodan- 
tuaeserstoffsaure (Berzelius). , „ 

This acid, the sulphur- analogue of cyanic acid, was first observed by B no hoi z m 
1799 (Betirage zwr Bnveiterung und Berichtigung der Chemie, i. 88), and by Bin k 
(1804, A. Gehl. ii. 460), afterwards more distinctly recognised by Porrett (Phil. 
Trane, 1814, p, 527), determined as to its chemical constitution by Berzelius 
(Schw. J. xxxi 42), andfurtherexamined by Wohler (Gilb. Ann. Ixix. 271), Liebig 
(Ann. Ch. Pharm, x. 9; xxvi. 174; xxxix. 199; 1 837; liii. 330), Parnell (ibid. 
xxxix. 178), Volckel (ibid, xliii. 80), and others. The metallic sulphocyanates have 
been analysed chiefly by Claus (J. pr. Chem. xv. 401) and Meitzendorff (Pogg. 
Ann. Ivi. 63). 

Occurrence. — Sulphocyanate of potassium or sodium occurs in very small quantity 
in the saliva of man, and of the sheep (L. Gmelin). Gobel found it in a human 
salivary calculus. The distilled waters of certain cruciferous plants (cochlearia, mustard, 
radish, &c.) give with ferric salts the characteristic reaction of sulphocyanic acid. 

Formation. — Sulphocyanic acid and its salts are produced : I. By the direct combi- 
nation of cyanides with sulphur, just as cyanates are formed by the combination of 
cyanides with oxygen ; e.g., by the calcination of cyanide or ferrocyanide of potassium, 
&c. with sulphur, or by boiling a solution of potassic cyanide with sulphur; also by 
calcining azotised charcoal with potassic sulphate, or with a mixture of potassic carbo- 
nate and sulphur. 

2. By the action of cyanogen-gas on monosulphides or persulphides. In the former 
case, a cyanide is also formed, just as the action of cyanogen on a protoxide gives rise 
to the formation of a cyanide and a cyanate : 

CN + K 2 S = CNK + CNKS. 

In the case of a disulphide, tho action is one of simple combination ; with higher sul- 
phides a separation or sulphur takes place ; thus : 

2CN + K*S* ~ 2CNKS ; 2CN + K*S 8 ~ 2CNKS + S*. 

3. By the reaction of certain cyanides with metallic persulphides; e.g., mercuric 
cyanide and potassic trisulphide mixed in aqueous solution : 

Hg"Cy a + K*S* - 2CyKS + Hg"S. 

A similar reaction is produced when Prussian-blue is boiled for a long time with 
potassic liver of sulphur; also wheu aqueous pentasulphide of potassium is mixed 
with hydrocyanic acid, sulphydric acid being then evolved and sulphur precipi- 
tated; 

2HCy + * 2CyKS + IPS + S*. 

In like manner hydrocyanic acid, sulphur, and aqueous ammonia, to which a small 
quantity of ammoirium-sulphydrate is added to facilitate the solution of the sulphur, 
yield sulphocyanate of ammonium : 

HCy + NH* + S - Cy(KH 4 )S. 

A solution of hydrocyanic acid saturated with sulphydric acid, is converted, on expo- 
sure to the air, into sulphocyanic acid, in proportion as the hydrogen of the sulphy- 
drio acid is taken up by the oxygen of the air. Hence the contamination of Vauqne- 
lin's prussic acid (prepared by decomposing mercuric cyanide with sulphydric acid) 
with sulphocyanic acid. 

4. By the action of carbonic disulphide on alcoholic ammonia, the two liquids being 
heated together in a sealed tube ; 

(CS)"S + NH* - (CS)".H.N + H*S. 

5. By the decomposition of aqueous sulphocarbamic acid (p. 490) : 


6. By the action of alkalis on ethylio sulphocarbamate (x&nthamide, p. 492): 


H* 

(CS) 

C*H* 


js - n> * Hi®. 


These last three reactions indicate that sulphocyanic said has the constitution of 
sulphocarbimide (p. 493). 

7. When animal substances are charred by beating with oil of vitriol, the residue, 
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os being subjected to a stronger beat, yields, amongst other products, suiphocyanate of 
ammonium. (O. Henry, J. Cbim, mid. azi. 301.) 

8. Sulphocyanic acid is formed, together with carbamide (urea), by the action of 
sulphydric acid on ammonio-cupric fulminate. (Gladstone, Ann. Ch. Pharm. 
lxvi. 1): 

(OTJKJuWO* + 3H*S - 2CN’H 4 0 + 2CNHS + 2H*0 + Cu‘*S. 

Ammoaio-cuprlc Carbamide, Sulphocyanic 

ftitmlnate. acid. 

9. Sulphocyanic add is formed in certain decompositions of rolatile oil of mustard 
(allyl-Bulphocyanic ether). 

Preparation . — Sulphocyanic acid, or hydric suiphocyanate, is separated from the 
metallic sulphocyanates by the action of stronger acids. It may be obtained in the 
anhydrous state by heating dry mercurous suiphocyanate in a stream of sulphydric or 
hydrochloric acid gas ; ana in aqueous solution by the same reaction, the mercurous 
cyanide being suspended in water, — or by decomposing the barium-salt with an exactly 
equivalent quantity of sulphuric acid. 

Properties . — Anhydrous sulphocyanic acid iB a colourless liquid, which crystallises at 
12*5° in six-sided prisms. It. boils at 85° (Artus), at 102*5° (Vogel), has a pungent 
odour like that of acetic acid, reddens litmus strongly, and has a very acid taste. 
The aqueous solution exhibits similar properties. 

Decompositions. — 1. The anhydrous acid is very unstable, and is quickly resolved 
into hydrocyanic and persulphocyanic acids (iv. 378) : 

3CS11N « CUN + CH*N 3 S*. 

The aqueous solution decomposes slowly in the cold, quickly when heated, partly into 
carbonic dioxide, carbonic disulphide, and ammonia: 

2CSIIN + 211*0 « CO 1 + CS* + 2NH 1 ; 
partly into carbonic dioxide, sulphydric acid, and ammonia: 

CSHN + 211*0 - CO a + IL’9 + NIP ; 

partly also in the same manner as the anhydrous acid, yielding a solution of hydro- 
cyanic acid and a yellow precipitate of persulpliocyanic acid. In consequence of this 
last decomposition, sulphocyanic acid acls poisonously, like hydrocyanic acid. All 
theso reactions aro accelerated by boiling the sulphocyanic acid with concentrated acids. 

Sulphocyanic acid saturated with sulphydric acid , yields after a while carbonic 
disulphide and ammonia. — With chlorine and nitric acid, it yields a yellow precipitate • 
of pcrsulphocyunogen (iv. 380). — Gently heated with metallic zinc, it gives oflf sulphy- 
dric acid ; more slowly with iron. 



water and in .alcohol. They are decomposed by the stronger acids, with elimination 
of sulphocyanic acid, which then generally undergoes further decomposition. Gold 
dilute acias, however, exert this action only on sulphocyanates corresponding to 
sulphides which are decomposed by the samo acids : thus they do not decompose the 
sulphocyanates of mercury, copper, and silver. — Nitric acid and chlorine decompose the 
solutions of sulphocyanates, precipitating porsulphocyanogen. All sulphocyanates are 
decomposed by heat, more or less strong, into nitrogen, cyanogen, carbonic disulphide, 
and metallic sulphide. Calcined with potaseic hydrate, they give off carbonate of 
ammonium. — Suiphocyanate of potassium ignited with metallic iron, yields sulphide 
of iron and cyanide of potassium. 

Soluble sulphocyanates give, with a mixture of cupric and ferrous sulphates, a white 
precipitate of cuprous suiphocyanate insoluble in water; they also give white pre- 
cipitates with mercurous , argentic,” and auric salts . — With ferric salts they give no 
precipitate, but a blood-red coloration, or reddish-yellow in case of very great dilution. 
The reaction is extremely delicate. A piece of ordinary paper hold over a solution of 
potassic suiphocyanate mixed with concentrated hydrochloric acid, becomes reddened 
by the action of the evolved sulphocyanic acid on the small quantity of iron-salt con- 
tained in it. . The red colour of ferric suiphocyanate may be distinguished from that 
of other ferric salts by two characters: 1. It is not turned yellow by addition of 
hydrochloric acid, even in large quantity.— 2. On immersing a piece of sine in the liquid, 
sulphydric acid is given off, and may be detected by its power of blackening a strip of 
paper impregnated with solution of lead-acetate. 

Sulfho cyan atb of Alcminium is a gummy mass, the solution of which is 
decomposed fay evaporation. 
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SulpxoctakateofAhkoxitiu^H'CNS =» NH 4 CyS. — This salt is obtained: 
X, By decomposing the cupric salt with sulphydrate of ammonium, and evaporating the 
filtrate. — 2. By mixing hydrocyanic acid with polysulphide of ammonium (a solution 
of sulphur in sulphydrate of ammonium), and separating the resulting sulphocyanate 
of ammonium from precipitated sulphur by water or alcohol. (This mode of forma- 
tion is employed as a test for hydrocyanic acid, ii. 219). The prussic acid, prepared 
by distilling 180 pts. potassic ferrocyanide with 90 pts. strong sulphuric acid and 
40 pts. water, is digested with the sulphide of ammonium obtained by saturating 60 pts. 
aqueous ammonia of specific gravity 0’95 with sulphydric acid, adding 60 pts. more of 
the ammonia-solution and 60 pts. sulphur ; the mixture is boiled till the whole of the 
ammonium-sulphide is decomposed with precipitation of sulphur ; and the liquid is 
filtered and evaporated. The product amounts to 40 — 50 pts, of dry sulphocyanate 
of ammonium. (Liebig.) 

8, By treating carbonic disulphido with excess of ammonia : 

CSS* + 4NH* = (NH 4 )CSN + (NH 4 )*S. 

A mixture of 1500 c.c. aquoous ammonia [of what strength?] and 200 c.c. carbonic 
disulphide and 1500 c.c. alcohol of 86 per cent, is distilled down to one-half, after 
standing for 24 hours; the residual liquid is evaporated to thecrystallising-point ; and 
the sulphocyanate thus obtained is purified by one rocrystallisation. The alcoholic 
distillate, which contains a large quantity of ammonium-sulphide, may be used for a- 
second and even a third preparation. (Mil Ion, J. Pharm. [3], xxxviii. 401.) 

Bor preparation on the large scale, G41is has patented a similar process, in which, 
however, the use of alcohol is avoided, and the carbonic disulphide is made to act upon 
a mixture of concentrated ammonia arid sulphide of ammonium, the materials being 
mixed ill the cold, and a small quantity of fixed oil (amounting to 2 or 3 per cent, of 
the carbonic disulphide) addod, to form an emulsion with the ammonia and facilitate 
the admixture. An amnioniacal solution of iimmonium-sulphocarboimto.is thus formed, 
which, after separation from tho layer of oil which floats on its surface (to be used in 
a subsequent operation), is subjected to distillation. Tho sulphocarbonato of ammonium 
is thereby resolved into sulphocyanate of ammonium and sulphydric acid : 

(NH 4 ) 2 CS* = (NH 4 )CNS + 2H 2 S ; 

the former remaining in the retort, while the latter passes over, together with excess of 
ammonium-sulphide, and may bo condensed in a receiver containing aqueous ammonia, 
thereby supplying material for future operations. — The sulphocyanate of ammonium 
thus obtained is easily converted into other sulphocyanates by distillation with fixed 
bases. (It6p. Chim. App. 1862, p. 146 ; sec also Sulphocyanate of Potassium, 
p. 513.) 

4. Together with mercaptan, by tho action of alcoholic ammonia on ethylic trisul- 
phocarbonato (H ii s e m a n n) : 

(C»IF)*CS* + 2NH* = (NII*)CNS + 2C*H«S. 

Sulphocyanate of ammonium crystallises in colourless deliquescent plates, which are 
very soluble in water and in alcohol, melt at 147°, and decompose at a higher temper- 
ature, giving off carbonic disulphide, sulphydric acid, and ammonih, and leaving a 
residue of melam, which is finally converted into hydro mellone. According to 
Liebig's formula (iii. 865, 874) : 

8(NH 4 )CNS - 2CS 3 + 4H“S + 6NH* + C-N^H*. 

Sulphocranate Melam. 

of ammonium. 

and 

C*N n H # = 2NH 3 + CTO'H". 

Melam. ■ Hydromellone. 

Sulphocyanate of Barium, Ba"Cy*S a .2H*0, crystallises in long, shining, 
deliquescent neodlos, very soluble in water and alcohol, ana containing 12*4 per cent, 
water, which thoy give off between 160° and 170°. — A compound of this salt with 
mercuric cyanide, Ba"Cy*S*.Hg"Cy*, separates in small nacreous laminae, from a warm 
solution of the component salts. (Cockmann, Ann. Oh. Pharm. xxii. 153.) 
Sulphocyanate of Bismuth, Bi'"Cy*S* ( is a yellow powder. 

Sulphocyanate op Cadmium, Cd"Cy 2 S*, forms shining, colourless, anhydrous 
crystals, slightly soluble in water. Ammonia dissolves them, and the solution yields 
crystals of codmantmonium^sulphocyanate, (N a II*Cd*)"Cy 2 S J , which are decomposed by 
water. 

Sulphocyanate of Calcium, Ca''Cy 2 S a . 311*0, forms deliquescent needles, very 
soluble in water and in alcohol.— The compound Ca"Cy 2 S*.Hg"Cy* obtained like the 
corresponding barium-salt, forms shining white laminse. (Beckmann.) 

Chromic Sulphocyanate, Cr~Cy a S\— Chromic hydrate dissolve# easily in 
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dilute sulphocyanic acid, forming a. groenish-violet solution, which dries up oyer oil of 
vitriol to a blackish-green, amorphous, deliquescent mass. (Clasen, J. pr. Chem. 
xcvi. 349*) 

Chromo-diammoniosulp?u>cganic Acid t NKIrffCy^* -» ^ f )l j (CyS)* « 

Cr"'l£*. (A. Reinecke, Ann. Ch. Fharm. cxxvi. 113.) — The ammonium-salt of 

H’j° 

this add, N*CrH M Cy*S 4 - N*CrH«(NH*)Cy*S\ is obtained by gradually adding 
pulverised dichromate of potassium to fused sulphocyanate of ammonium, till 
the mass becomes solid. Ammonia is then given off, with strong intumescence ; and 
on treating the product with hot water, filtering to separate an Amorphous substance, 
and introducing lumps of sal-ammoniac into the filtrate, the ammoniacal compound 
above mentioned separates in small shining scales. Its formation may be represented 
by the equation : 

8(NH 4 )CyS + 0*0* - 2(N*OH ,g .Cy*S*) + 2NH* + 3H a 0. 

This compound dissolves with ruby-red colour in water, alcohol, and ether, and 
crystallises from water in small rhombic dodecahedrons resembling garnets. It boars, 
without decomposition, a heat of 1*20°, but decomposes at a rod heat, leaving sulphide 
of chromium; and when heated with water, yields sulpliocyunate of ammonium, sul- 
phney unate of chromium, and chromic oxide. It is easily decomposed also by dilute 
acids and alkalis- -in the latter case, according to the equation : 

2iN*Crir*.Cy , H i ) + 8KIIO « 8KCyS + 6NH* + C^O* + 5H*0. 

The same comjxjuml appears to have been obtained by Morland (Chem. Soc. Qu. J. 
xiii. *2.V2), who, bowovrr. unsigned to it the formula, Cr"'Cy*S*.(NH 4 ) v O. 

Thu mol ecu! i". Nil 1 , in the salt just described, may be replaced by other metals. The 

jtota.isiu t/i-suU, 11 vCy 4 S*, is obtained by treating the ammonium-salt with 

K ) 

strong potash-ley, and reery stall i sing from hot water. It forms ruby -coloured luminse 
or cubes, dissolves with deep ruby colour in water, nleohol, and ether, and decomposes 
like; the ammonium-salt, when boiled with wa tor, acids, and alkalis. — The sodium-salt , 
N*(tV"H*)HNa< VS*, prepared in like manner, crystallises in unctuoun scales. — The 
mercuric salt, N 4 ((. , r'"JI A ) a II*Hg # 'Cy*S* is obtained, by precipitation with mercuric 
chloride, usa flomilont rose-coloured precipitate, insoluble in water and in dilute acids. 
It decomposes above lo0° into sulphide of mercury and sulphide of chromium, 
and by boiling with potash into ammonia, aulphocyanic acid, mercuric oxide, and 
chromic oxide. — The cuprous salt, N\Cr w ll & )HCuCy l S 4 l is obtained, by treating the 
ammonium-salt with cupric, sulphate and sulphurous acid^ as a yellow pulverulent 
precipitate, decomposed by heat and by potash similarly to the mercuric salt. — The 
ammonium-salt forms, with nitrate of silver, a rose-coloured precipitate quite insoluble 
in water and in dilute acids ; and with lead-salts , a yellowish-red precipitate soluble in 
boiling water. 

The hydrogen-salt , or free acid, is obtained, by decomposing the mercuric salt sus- 
pended in water with sulphychric acid, as a deep red solution, which is decomposed’ by 
boiling, but dries up ut low temperatures to a red amorphous mass. The solution has 
an acid reaction, decomposes carbonates, and acquires a still darker red colour when 
mixed with ferric chlorido. 

Sulpuocy \ hatv of Cobalt. — R ecently precipitated cobaltous hydrate dis- 
solves in aqueous sulphocyanic acid, forming a brown-red liquid, which turns blue on 
concentration, and finally leaves a crystalline yellowish-brown mass, very soluble in 
water and in alcohol, and forming a compound with ammonia. 

Sulphocy a nates of Coppbs. — The cupric salt, Cu"Cy*S*, is a black crystalline 
powder, obtained by precipitating a concentrated solution of a cupric salt with sulpho- 
cyauate of potassium, care being taken not to add the latter in excess. The precipi- 
tate is converted by washing into a cuprous salt, and is not formed in dilute solutions. 
It dissolves in ammonia, and the solution yields small needles of cuprammonium-sid- 
phocyanate, (N 2 tt*Cu" )"Cy Z S*. 

The cuprous salt, Cu CyS, is precipitated as a white powder, on adding a solution of 
potassium-sulphocyanate to a mixture of cupric and ferrous sulphates. It is insoluble 
in water and in acids, which do not decomjwse it, but dissolves in ammonia, forming a 
crystalline compound. 

Sulphootaw at«s of doiD. — On mixing the solutions of potsssium-sulpho- 
cyanate and auric chloride, a flesh-coloured precipitate is formed, soluble in ammonia. 
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When ft solution of auric chloride neutralised with acid potassium-carbonate, is 
added to a solution of potassium-sulphocyanate kept in excess, 8 bulky orange-red 
precipitate is formed, consisting of potussio-auric sulphocyanate, KAu"'Cy 4 S 4 =. 
KCyS.Au"Cy*S*. On heating the liquid, the precipitate dissolves, and partly separates 
on cooling in orange-red needles of unaltered composition : the greater part, however, 
remains in solution, and decomposes on evaporation, with reduction of metallic gold 
and evolution of sulphocyanic acid, so that, finally, chloride of potassium and potassio* 
aurous sulphocyanate crystallise out. The precipitate of potassio-auric sulphocyanate 
is decomposed by water, and dissolves in alcohol and in ether. The alcoholic solution, 
mixed with hydrochloric acid, deposits after a while copper-red needles ; sodA deco- 
lorises the solution, and separates a block-blue powder ; ammonia causes the forma- 
tion of white needles ; ferric chloride colours the solution blood-red ; other metallic 
salts form dark-coloured precipitates. — Patassio-aurous a it Iphocyan ate, KAuCy 2 S*, 
is most readily obtained by mixing a solution of potassium-sulphocyanate, warmed to 
80°, with small quantities of neutral auric chloride, as long as tho red precipitate 
disappears on stirring. The salt, separated by evaporation and purified by recrystalli- 
sation, forms long, straw-yellow, truncated prisms, which melt at 100°, and are 
resolved into sulphur, carbonic disulphide, metallic gold, and sulphocyanate of potas- 
sium. Tho aqueous solution, mixed with hydrochloric acid, sometimes deposits copper- 
red needles ; it forms white precipitates with ammonia, forrie chloride, mercuric 
chloride, argentic nitrate, and neutral plumbic acetate; yellow-brown with cupric 
sulphate ; black-brown with stannous chloride ; black with mercurous nitrate. — It is 
coloured red by ferrous sulphate, with precipitation of gold ; brown by sulphydric 
acid; it blackens slowly on exposure to light. — The precipitate formed by ammonia, 
NIP.AuCyS, gradually decomposes and turns black ; hot water abstracts ammonia 
from it, leaving a green powder. (P. T. Cleve, Kongl. Vetenskap. Akad. Forhand- 
lingar, xx. 238; Jahrosb. 1865, p. 295.) 

S u^l phooyan at e s of I n on. — The ferrous salt is soluble, of pale-green colour, 
and very unstable. 

The ferric salt is blood- red, nearly black, deliquescent, soluble in water and in 
alcohol. Tho blood -red colour of this* salt is produced whenever a sulphocyanate is 
mixed with a ferric salt. It is destroyed by alkalis which precipitate ferric oxide ; 
also by many acids ( e.g . phosphoric, arsenic, iodic, oxalic), even in small quantity; but 
restored by addition of a ferric salt ; hydrochloric acid, even when concentrated, does 
not decolorise the liquid ; nitric acid, on the other hand, decomposes the sulphocyanate, 
and destroys the colour (p. 605). 

SuitPEOOYA katks of Jj bad. — The neutral $alt,'Pb"Cy*& 3 . is gradually deposited 
in opaque shining-yellow crystals, on mixing a solution of lead-acetate with sulphocya- 
nate of potassium. Tlie^crystuls arc monoclinic, exhibiting the-dominant combination, 
+ P . ■— 3P. oP . oe>P2 . + 3 Pqo . Anglo ooP2 : ooP2 (clinod,) 120° 38'; 

oP:coP2 - 111° 31' ; oP : + P = 116° 65' ; oP: -3P = 1 19° 3' ; oP : 3Poo = 87° 45'. 
Axes, a : b : o -» 0*923 : 1*1162 : 1. Angle b : c «=» 65° 20'. Specific gravity of 
crystals »» 3*82. The salt is but slowly decomposed by sulphydric acid. It is insoluble 
in water, but boiling water converts it into a basic salt, Pb^Cy v S J .Pb"H-O a . The latter 
is like Vise obtained on mixing sulphocyanate of potassium with ammoniacal plumbic 
acetate, or with the basic acetate, as a white curdy precipitate, becoming yellowish 
and pulverulent when dry, 

Sulfeocyanatb of Magnesium, Mg"Cy*S 2 . 4 IPO. — Confused crystals, very 
soluble in water and in alcohol. The compound Mg"Cy*S a .Hg"Cy*, prepared like the 
corresponding barium-salt, is a white crystalline powder. (B oc k m a n n.) 

Sulphocyanate of Hanqanesb. — Very soluble. 

Sulphootanateb of Hbbcuby. — The mercurous salt , Hg'CyS, is a white pre- 
cipitate, formed on mixing mercurous nitrate with sulphocyanate of potassium (W 6 h - 
lerl; according to Claus, the solutions should be very dilute. The dry precipitate 
swells up suddenly when heated, giving off nitrogen, carbonic disulphide, and vapour 
of mercury, and leaving a grey mass resembling graphite, which by calcination is con- 
verted into mellono. On account of this property, the salt is used for the preparation 
of the toys called “ Pharaoh’s serpents.” It is resolved by boiling water into metallic 
mercury and mercuric sulphocyanate. 

The mercuric salt, is obtained as a white precipitate, composed of anhy- 

drous needles, on mixing mercuric chloride with sulphocyanate of potassium ; it is very 
slightly soluble in water, moderately soluble in alcohol (Crookes). A solution 
of .mercuric oxide in sulphocyanic acid yields, by evaporation, needles containing 
water (Beraelius). — An oxysidphocyanate , Hg*Cy T S , .2Hg"0, in obtained, by adding 
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ammonia to the solution of mercuric aulphoeyanate, as a lemon -yellow powder, which 
decomposes quickly at 160°, and leaves meltone when calcined. 

Mercuric sulphocyanate forms Beveral double salts, which hare been examined chiefly 
by Cl eve (Kongl. Vetenskap. Akad. ForhandJingar, xxii. 9 ; J. pr. Chem. xci. 227). 
— The cobalt salt, Hg''Co*Cy 4 S 4 «— Hg , 'Cy ^ S s .Co' / Cy-S , , is formed by direct union of 
its component salts, or by gradually adding mercuric cyanide to a solution of cobaltous 
sulphocyanate acidulated with sulphocyanic acid, separates in indigo-blue four-sided 
prisms, permanent in the air, slightly soluble in water and in dilute hydrochloric acid, 
easily in nitric acid. The same compound is sometimes also formed (together with the 
yellow salt, Hg"C y' J . Co" Cy*S* . 4 H* O ) , on mixing mercuric cyanide with sulphocyanate 
of cobalt. — The ferrous salty HgTe"Cy*S 4 , separates, from a mixture of mercuric sul- 
phocvanate and ferrous chloride left for some time in a vacuum, as a brown crystalline 
powder, permanent in the air. — The nickel-salt, Hg"Ni"Cy 4 S < .2H v O, separates from a 
mixture of the component salts, in small sky-blue needles, which dissolve readily in hot 
water, and give off their water of crystallisation at 120°. Zinc- mercuric eulphocya- 
mtfe , IIg"Zn"Cy 4 S 4 , is formed, on mixing mercuric sulphocyanate with a zinc-salt, as 
a white precipitate, nearly insoluble in cold wuter. (Cl eve.) 

A potas&io-inercuric siirtphocyanate, Hg"KCy*S* = Hg"Cy * S* . K Cy S, is prepared by 
triturating mercurous chloride with a strong solution of potonsium-sulphocyanate. 
The liquid, Altered from tho black magma thus produced, yields by evaporation a mix- 
ture of yellow tables, cubes, and octahedrons, easily separated by mechanical selection . 
The yellow tables, which constitute the potassio-mercuric sulphocyanate, are purified by 
crystallisation from boiling alcohol, whence the salt separates in radiate groups of white 
nacreous needles. It dissolves sparingly in cold, more easily in hot water; very easily 
in aqueous chloride of ammouium or potassium ; easily in alcohol, especially at tho 
boiling heat; also in ether. Ammonia added to tho aqueous solution throws down the 
oxysulphocyanato above described. (Claus, J. pr. Chem. xv. 407.) 

Si i.PHoci'ANATK op Nicxel is obtained, as a yellow crystalline powder, by 
evaporating tho green solution of nickel-oxide in sulphocyanic acid. It dissolves in 
ammonia, forming a blue liquid, which yields blue efflorescent crystals, (N*H*Ni') 
Cy*S\2NII*, dccomposiblc by water. 

Svlfhocyanatk of Palladium is easily soluble in water. 

S v lpuoctan atks of Piatihc m . — Plathiic sulphocyanate does not appear to be 
known in the separate state. — The platinous salt, Pt"Cy s S' f , probably constitutes the 
red or brown non -crystalline substance obtained by decomposing ouo of the following 
double salts with chlorine or nitric acid ; e.ff., with chlorine and sulphocyanate of po- 
tassium : 

K*I*t , ’Cy a S* + 11C1* + 16IP0 « PtXyS* + 2KHS0 4 + 2IPS0 4 + 22HCI 

+ 4HCy. 

It is insoluble in water and in alcohol, is not attacked by potash, but is coloured 
yellow by ammonia. It gave by analysis 8 63 and 8 72 por cent, carbon, 0*92 
nitrogen, 18*77 sulphur, 62*27 and 62 02 platinum, besides 0*39 and 1*6 hydrogen, 
the formula PtCy*S # requiring 7'64 carbon, 8 93 nitrogen, 20*38 sulphur, and 63*06 
platinum. 

Double Salts of the Pla linu msfilphocyan ate 8, (G. B. Buck ton, Chem. Soc. Qu. J. 

vii. 22.) — The sulphocyanate a of platinum form two series of double salts, called sul- 
phocyanoplatinites and sulphocyanoplati nates, analogous to the chloio* 

S latimtes and chloropl&t mates, and represented by tho following general formulae, M 
enoting a monatomic, and N a diatomic, metal : 

Sulphocyanoplati nites . . . Pt"Cy‘9< = N^fj|,|Pt"Cy*S*. 

Sulphocyanoplatinates . . . j Pt'*Cy*S< - * 1 ?^| I |ptf’Cy‘S«. 

The potassium-salts are formed by the action of potassic sulphocyanate on platinons 
and platinic chloride respectively. The salts of the alkali-metals and alkaline earth* 
metals are soluble in water; those of the heavy metals are insoluble, and are formed by 
double decomposition. All these salts are strongly coloured, exhibiting various shades 
of colour, from light-yellow to dark-red. They are quickly decomposed by heat, emitting 
a peculiar odour. Ammonia attacks the salts of both series, forming sulphocyanate of 
platosammonium (p. 613). Their decomposition by .chlorine and by nitric acid has 
been mentioned above. 

The following table exhibits the reactions of the soluble salts of the two series with 
various metallic solutions : — 
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Reagent*. 

SulphocyauopIfttinlEes. 

Su 1 phocyanoplat inatet. 

Neutral Lead-salts . 

No change 

Soluble golden laminae 

Basic Lead-salts 

Pale-yellow precipitate 

Fine red precipitate 

Ferrous salts . 

No change 

Black shining grains 

Cobalt-salts . 

No change 

Orange-red precipitato 

Cuprous salts . 

Purplish-black precipitato . 

1 Rich brown precipitato 

Cupric salts . 

Purplish-black precipitate . 

Brick-red precipitate 

Mercurous salts 

No precipitate : liquid 
changes colour when 
heated .... 

Orange precipitate 

Silver-salts 

Palo-yellow precipitate 

Red or orange precipitate 

Auric salts 

Salmon-coloured precipi- 
tate .... 

Salmon-coloured precipi- 
tate 

Salts of Flatosamine 

Fine yellow precipitate 

Copious orange precipitate 

Salts of Diplatosamine . 

Flesh-coloured precipitate . 

Fino vermilion-red precipi- 
tate 

Chromic acid . 

Copious reddish precipitate, 
with evolution of hydro- 
cyanic acid . 

No precipitate 

Ferrocyanido of Potas- 

Nearly white precipitato on 
boiling .... 

Prussian-blue formed on 

sium 

boiling 


1. SulpJiocyanopfatinites, M 2 Pt"(CyS 2 ) 4 . 

Hydrio Sulphocyanoplatinite or Sulphocyanoplatinous Acid , H 2 Pt’'Cy 4 S 4 . — Obtained 
by cautiously decomposing sulphocyanoplatinite of barium with dilute sulphuric acid. 
The aqueous solution is speedily decomposed by evaporation, oven in vacuo, the sul- 
phur being oxidised at the expense of the water. The chiof products of tlin decompo- 
sition are sulpliocyanic acid and a red or yellow deposit rich in platinum. 

Sftdphocyanopla timte of Potassium. — Obtained: 1 . By dissolving pi a ti nous chloride in 
sulphocyanate of potassium, the solution being attended with considerable rise of tem- 
perature. — 2. Better, by the action of sulphocyanate of potassium on chloroplatinate of 
potassium, the sulphocyanate being in excess. As sulphocyanopbitinito of potassium 
is extremely soluble, and doos not crystalliso well by evaporation, it is best to use the 
sulphocyanate of potassium in the form of a concentrated solution, and to add the 
platinum- salt by small quantities at a time, so as to avoid too great a rise of tempera- 
ture. The liquid on cooling deposits a mass of small needles, which must be purified 
from chloride of potassium by solution in strong alcohol, from which again the salt is 
best recovered by spontaneous evaporation. The crystals aro then pressed betwoen 
paper to remove the excess of sulphocyanato of potassium, and the salt once more crys- 
tallised from an aqueous solution. 

It forms stollar groups of crystals, which when examined by the microscope appear 
like six-sided prisms of a fine rod colour. They dissolve readily in 2J pts. of water at 
15A°, and are soluble to any extent in warm alcohol. The solution of the pure salt 
is orange-red ; a port-wine colour denotes impurity. The crystals are not deliquescent, 
and when perfectly dry, do not appear to bo affected by a temperature of 100°. The 
salt is decomposed by ammonia, yielding sulphocyanate of platosammonium which 
crystallises out, and sulphocyanate of potassium which remains in solution. 

Sulphocyanoplutin ite if Silver, Ag*Pt"Cy*S 4 . — Curdy precipitate, somewhat resem ■ 
bling sulphocyanate of silver, partially soluble in ammonia, with decomposition. Ii 
dissolves in sulphocyanate of potassium, but the solution is decomposed by water. 

Tstrcmmonioplaiinous Sulphocyanoplatinite , ^ ^ ^ > Pt /f Cy 2 S* | ' or Sulphocyano- 

platinitc of IHammo -pi atoso -diammonium, ^ ® ^ p|„ j Cy*S\ — Obtained, a a a 

bulky flesh-coloured precipitate, by decomposing the chloride of di plafcosammon ium 
with a soluble sulphocy an oplati n i te . — Heated on platinum-foil, it gives off ammo- 
niacal gas, fuses into a black bubbling mass, and then burns like tinder, leaving 
bright spongy platinum. It is quite insoluble in water and in alcohol, but dilute 
hydrochloric acid dissolves it rather freely. It is polymeric with sulphocyanate of 
platosam monium (p. 513). 

2 . Sulphncyanoplatinates. 

Sulpkocyanoplatinic Arid, H r Pt ,T Cy i S # . — Obtained by precipitating a warm and 
concentrated solution of the lead-salt with sulphuric acid. The Altered liquid is of a 
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deep-red colour, and has a strongly acid taste. It displaces carbonic acid from its 
alkaline salts, and dissolves metallic zinc, with evolution of hydrogen, and production 
of a yellow insoluble substance. When rapidly evaporated in vacuo, it leaves a con- 
fused semi-crystalline mass. When concentrated over the water-bath, it is quickly 
decomposed, leaving a brown amorphous mass, rich in platinum. On distilling it at a 
gentle heat, an acid liquid passes over, containing hydrocyanic and sulphoeyanic acids. 
It combines directly with bases. 

Sulphocyavoplatinate of Ammonium. — The acid does not combine rapidly with freo 
ammonia; but the salt is easily prepared by boiling 1 pt. of ammonium-sulphate for a 
few minutes in a strong solution of 3 5 pts. pottissie sulphoiyauoplat.inate ; it may 
be separated, after cooling, from the sulphates of ammonium and potassium, by means 
of alcohol, and purified by reerystallisation from hot water. It crystallises in hexa- 
gonal plates of a fine crimson colour. It is stable at. ordinary temperatures, but gives 
oft* the odour of sulphoeyanic acid when its aqueous solution is boiled. 

Su l phoc y a } i op! a t in a if. of Potassium . — Prepared: 1. Ily tho notion of potnssie 
sulphocyanateon platinic chloride. When platinic chloride is added to a cold solution 
of potu8Hio sulphocysuiate, a precipitate of pntassie ehlorophitinato is formed, 
with evolution of sulphoeyanic acid. Hut if the platinic chloride be poured into a 
strong solution of the sulphocyanate previously heated tu 70 ' or 80°, no precipitate is 
formed ; but the liquor acquires a deep-red colour, and on cooling deposits beautiful 
hunime of potossic sulphocynnoplatinate. This process involves a considerable waste 
of potnssic sulphocyauale, iu consequence of the presence of freo hydrochloric acid, 
which likewise, if the temperature rises above h certain point, decomposes tho product, 
forming a brown flocculent precipitate (plahnous sulphocyiuiatc). 

2. Hotter: a solution of 4 pts. cldoruphitinate of potassium is added to a solution 
of 5 pts. pure sulphocyanute of (otnssium (weighed in tho futuxl Htato) in a moderate 
quant ity of water, and tho mixture is heated nearly to the boiling-point : 

K*Pt u Cl* + OKCyS - K 3 Pt' T Cy*S* + 0KC1. 

A deficiency of the sulphocvanatc must be avoided, as in that case an insoluble 
brown substance is formed, which renders the purification of the crystals very difficult. 
The filtered liquid, on cooling, deposits the sulphoeyannplatinato in beautiful crystals, 
often of largo size. To remove traces of ehlovidc of potassium, tho crystals may be 
red is solved in boiling alcohol, and the solution passed through a filter surrounded with 
hot water, to prevent too rapid crystallisation. 

Sulphoeyanoplntinnte of potassium forms six-sided prisms or lamina*, of a deep 
carmine colour and very nauseous taste. The aqueous solution yields the salt in 
hexagonal plates, but from the alcoholic solution it is often deposited in double six- 
sided pyramids united base to base, ami with truncated summits. Permanent iu the 
air at ordinary temperatures. It dissolves in 12 pts. water nt 60°, much more 
freely in boiling water, and still moro in boiling alcohol. Tho solutions have a deep- 
red colour, becoming yellow when very dilute. One drop of tho saturated solution 
gives a distinct yellow tinge to a gallon of water. 

Decompositions. — 1. Sulphocyanoplatinate of potassium is decomposed at a red 
heat, yielding sulphocvanatc of potassium, gaseous products, and reduced platinum. — 
2. When gently boated in contact with the air. it burns with a blue sulphurous flame 
and peculiar odour. — 3. Sulphuric, acid converts it into suipliocyanic acid, supbocya- 
nate of potassium, and platinic sulphide: 

K*Pt l *Cy*S* + 2H 2 S - PtS* + 2KCyS + 4lICyS. 

Similarly, with sulphide of ammonium : 

K*Pt''Cy«S« + 2(NII«)*S - PtS* + 2KCyS + 4NIPCyS. 

4. The salt is decomposed by strong sulphuric and hydrochloric acid. Nitric acid 
and chlorino likewise decompose it, yielding platinous sulphocyanute, Pt"Cy*S*, and 
other products (p. 509). — 5. Ammonia and carbonate of ammonia added to a saturated 
solution of tho salt, quickly decompose it, changing the colour to pale-yellow in a few 
minutes, and precipitating sulphocyanate of ptatosammonium t in fine yellow needles, 
the liquid retaining in solution sulphate and sulphocyanate of potassium, together 
with sulphocyanate and cyanide of ammonium : 

SK*Pt»-CyS* + 8NH* + 4H*0 - 3(N ? nTtTCy*S* + K*SO« + 4KCyS + 

2NH 4 CyS -r 6HCyS + HCy. 

0. Potash converts the salt into a red gelatinous mass, without evolution of ammo- 
nia. — 7. When it is gently heated with carbonate of potassium, carbonic anhydride 
is evolved; the mixture becomes partially decolorised; su!phocyanopUtiniU*.of 
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potassium is deposited, and the liquid retains in solution sulphate, sulphoeyanate of 
potassium, and cyanide of potassium : 

SEW’CyS* +■ 4K 2 CO* « 3K a Pt"Cy 4 S 4 + K*SO< + .5KCyS + KCy + 4C0*. 

— 8. A pure solution of potassic sulphocyanoplatinate does not produce a blood-red 
colour with ferric salts ; but the mixture becomes nearly black and opaque when 
heated, from formation of a substance which separates in heavy lustrous grains. 

Sulphocyanoplatinate of Sodium , obtained by precipitating the lead-salt with sul- 
phate of sodium, crystallises readily in broad garnet-coloured tables, soluble in water 
and in alcohol. 

Sulphocyanoplatinate of Barium,— Prepared by dissolving 3 pts. of the dry potas- 
sium-salt in an aqueous solution of 1 pt. of chloride of barium (or, as an excess of the 
latter is desirable, 9 pis. K a PtCy a S s to 4 pts. BaCI 2 ), evaporating the solution, and 
extracting with alcohol. — Crystallises in long flattened prisms of a deep-red colour, 
and often of considerable size. Not so stable as the potassium-salt. 

Cupric Sulphocyanoplatinate . — Precipitated on mixing a solution of the potassium- 
salt with cupric sulphate. Exhibits a brick-dust colour when first precipitated, but 
changes at a boiling heat to a black insoluble powder. Forms a fine green solution 
with ammonia, but on the addition of hydrochloric acid, the copper-salt is reproduced, 
with dark-brown colour. 

Sulphocyanoplatinates of Iron. — a. Ferrous salt , Fe"Pt lT Cy*S a . — Obtained by adding a 
slightly acidulated solution of ferrous sulphate to a concentrated solution of potassic 
sulphocyanoplatinate. Black crystalline precipitate, which, when examined by the 
microscope, is seen to be composed of shining six-sided laminae with rounded edges. 
Jt is not affected by dilute sulphuric, hydrochloric, or nitric acid ; but strong nitric acid 
dissolves it, with formation of sulphuric acid. Cold solution of potash converts it into 
ferric oxide and a yellow liquid containing platinum and sulphocyanic acid. It is in- 
soluble in water and in alcohol. 

J8. Ferric Salt. — Prepared in like manner with ferrous salt, but not precipitated 
ti 11 the mixture is boiled. Resembles the ferrous salt. 

Sulphocyanoplatinates of Lead . — a. Neutral , Pb"Pt l 'Cy*S a . — Precipitated in the 
form of brilliant golden hexagonal plates, on mixing the concentrated solutions of 
neutral acetate of lead and sulphocyanoplatinate of potassium. Soluble in alcohol; 
less soluble in cold water, with which it may bo washed ; cannot bo crystallised from 
hot waiter without decomposition. 

0. Basic, Pb"0.Pb'Tt l ' f Cy 8 S a . — Obtained as a brilliant red precipitate, on mixing the 
concentrated solutions of potassic sulphocyanoplatinate and basic lead-acetate. Inso- 
luble in water ; readily soluble in dilute nitric and in acetic acid. 

Mercurous Sulphocyanoplatinate , Hg 2 Pt ,T Cy“S a . — Heavy curdy precipitate, obtained 
by adding mercurous nitrate to sulphocyanoplatinate of potassium. Its colour is deep 
orange at first, but changos to a pale primrose-yellow when the liquid is heated to the 
boiling-point. In the dry state, it bears a considerable degree of heat without altera- 
tion. Heated in the air-bath to between 140° and 150°, it suddenly swells up into a 
substance having a peculiar metallic and arborescent appearance, somewhat like 
coarse tea, and emits a jet of spontaneously inflammable gas. No further change is 
observed till the temperature rises to 2A0° ; but at a heat below redness, mercurial 
vapours and cyanogen-gas are liberated; and finally the mass, if exposed in an open 
crucible, burns away like tinder, leaving a residue of platinum. The salt, when 
subjected to dry distillation, in a retort, yields a mixture of nitrogen-gas and vapour 
of carbonic disulphide. 

Sulphocyanoplatinate of Silver, Ag 2 Pt ,ir Cy 6 S a . — Prepared by decomposing a solu- 
tion of the potassium-salt with nitrate of silver. Heavy, curdy, deep orange-coloured 
precipitate, which shrinks and agglutinates into a tenacious mass when boiled with 
water, but hardens again on boiling. The dry salt, when gently heated, swells up 
considerably, and if in contact with the air, takes fire and burns with a blue flame. 
Before the blowpipe, it fuses into a metallic bead of Bilver and platinum. — Nitric acid 
decomposes it rapidly, with formation of sulphuric acid, evolution of nitric oxide, and 
precipitation of a yellow substance. — When recently precipitated, it dissolves in cold 
aqueous ammonia, but the solution decomposes at a higher temperature. The salt is 
decomposed by hot caustic potash, yielding sulphoeyanate of potassium, pi a time oxide, 
and oxide of silver: 

Ag a Pt lT Cy # S* + 8KHO - 6KCyS + PtO* + Ag*0 + 3fi*0. 

It ^dissolves in sulphoeyanate of potassium, but, on adding water to the liquid, sul- 
phocyanate of silver is precipitated, and sulphocyanoplatinate of potassium remains in 
solution : 

Ag*Pt ,f Cy*S* ♦ 2KCyS - 2AgCyS + K 2 Pt*Oy a S«. 
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This salt, polymeric and metameric with te trammon iopl atinou s sulphocyanoplatinite 
(p, 610), is obtained : l.)3y the action of ammonia on sulphocyanoplatinite of potassium : 

K*Ft"Cy 4 S 4 + 2NH* - N*H«Pt".Cy*S* + 2KCy& 

2. By the action of ammonia, or its carbonate, on sulphocyanopl&tinate of potassium 
(see p. 611). Caustic ammonia acts more quickly than the carbonate, but must not 
be used in the concentrated state, as the product is then contaminated with an inso- 
luble substance. The crystals are collected on a filter, washed with cold water, and 
recrystallised from liot alcohol. — ?. By double decomposition with sulphocyanate of 
potassium and chloride of platosammouium : 

JSr*H*Pt*CI* + 2KCyS - N 2 H d Pt".Cy 5 S* + 2KC1. 

One part of sulphocyanate of potassium and 1*6 pt. chloride of platosammonium are 
dissolved together in water ; the mixture heated nearly to its boiling-point; an equal 
volume of alcohol added, to increase tho solubility of the product ; and the liquid 
filtered hot, Sulphocyanato of platosammonium is then deposited in crystals, on 
cooling; 

This salt forms straw-yellow needles, which, when examined by the microiBope, 
appear to be rhomboi'dal prisms. Molts between 100° and 110°, to a. clear garnet- 
coloured syrup, whieh hardens again as it cools. It dissolves sparingly in cold water, 
more readily in alcohol. It decomposes at 180°, giving off ammonia and hydrocranjo 
acid ; and if exposed to tho air, evolves also sulphurous anhydride and leaveB metallic 
platinum ; no sulphide of earbon is given off. It is not attacked by hydrochloric or by 
dilute sulphuric acid. Tho aqueous solution produces no cliango in salts of copper^ 
lead, or mercury; but when added to a solution of sulphate or nitrate of silver, it 
forms a light-yellow precipitate containing platinum. When boiled, it gives off 
Ammonia, and deposit* the yellow insoluble mattor above mentioned; the juame effect 
appears to be produced by caustic potash. 

Suli'hocyanatr of Po t x h s i v if, CNKS — KCyR — This salt is prepared: 

]. By fusing cyanide of potassium with sulphur, or 2 pt*. of the ferroryanido with 1 pt.. 
sulphur; or by fusing 17 pts. of potassic carbonate with 32 pts. sulphur, and adding 
46 pts of dr 3 * pjtuesio ferroeyanide. The heat must bo continued till the melted mass 
gives off bubbles, which burn in the air with a red flame; and it must be carefully 
regulated, as if it is insufficient, part of the ferrocyanide will remain undecomposed; 
and if it be too much raised, part of the resulting sulphocyanato will be converted into 
niullanide. The fused mass, when cold, is dissolved in water ; the iron contained in tho 
solution is precipitated by carbonate of potassium ; tho filtrate is evaporated to dryness ; 
the residuo digested with alcohol, and the alcoholic solution loft to evaporate. To 
avoid tho use of alcohol, Me i liot (J. Pharm. xxvii. 628) neutralises tho filtrate sepa- 
rated from the iron precipitate with acetic acid, evaporates, and purifies the sulpho- 
cyanate by crystallisation. — 2. Sulphocyanato of potassium may also be prepared, in 
the same manner as the sodium-salt, by fusing 1 pt. of anhydrous potassic ferro- 
cyanide with 3 pta. of the anhydrous hyposulphite (Fr 6 h d e). — 3. Gelis prepares sulpho- 
cyanato of potassium on the largo schIo by heating sulphocyanate of ammonium with 
potash, or sulphocarbonate of ammonium with sulphide of potassium (p. 606) : 

2(NH 4 )*CS* + K*S - 2KCNS + 2(NH 4 )HS + 

Sulphocyanate of potassium crystallises in long striated prisms, or in needles with 
four-sided summits, very much like saltpetre. They are anhydrous, and have a specific 
gravity of 1*866 — 1*906 (Bddeker). Tho salt is very deliquescent, fusible, and very 
soluble in boiling alcohol^ It has a cooling pungent taste, somewhat like that of 
radishes, and is poisonous! 

The aqueous solution of potassic sulphocyanate decomposes, with evolution of 
ammonia, gradually at ordinary temperatures, more quickly at the boiling heat. The 
alcoholic solution is more stable. The concentrated solution dissolves recently pre- 
cipitated argentic cyanide, which is thrown down from it in the crystalline state on dilu- 
tion. It likewise dissolves a considerable quantity of recently precipitated argentic 
chloride , also of argentic sulphocyanate f forming therewith a crystalline compound. 

Sulphocyanate of potassium, when melted in close vessels, bears a dull red heat 
without decomposition, but when calcined in contact with the air, it yields sulphate ; if 
the salt is moist, sulphide of potassium is obtained, with evolution of ammonium-car- 
bonate. * - 

When dry chlorine is passed into melted sulphocyanate of potassium, chloride *of 
sulphur is given off, together with solid chloride of cyanogen, which sublimes in needles* 
At a certain stage of the decomposition, a thick reef vapour is evolved, which condenses 
into a red or ycllo wi sh-rsd sublimate containing 67*9 per cent, sulphur ; and a resictaflr *• 
VouV, h L 
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in left , consisting, According to Liebig, of chloride of potassium and impure mellone. 
According to Vtflckel (Pogg. Ann. Iviii. 152), neither the red sublimate nor the 
Mellon© 20 produced if tlie chlorine is quite dry and free from hydrochloric acid. 
Chlorine passed into an aqueous solution of the sulphocyanate, not too dilute, throws 
down an orange-coloured precipitate of persulphocyanogen (iv. 380). An alcoholic 
solution of iodine is not decolorised by an alcoholic solution of potassic sulphocyanate, 
even at the boiling heat. 

Strong nitric acid added to the aqueous solution throws down persulphocyanogen. 
Dilute nitric acid, nitrous acid, and other oxidising agents, also impart to the solution 
a deep but transient blood-red colour, which is distinguished from that produced by 
ferric salts by its greater instability. (Jahresb. 1852, p. 429; 1857, p. 237; 1865, 
p. 294.) 

Permanganate of potassium, peroxide of manganese, and peroxide of lead, oxidise only 
the sulphur of the sulphocyanate, converting it into sulphuric acid, the formation of 
which is probably preceded by that of a cyanogen -compound containing a smaller pro- 
portion or sulphur than the sulphocyanate. (Hadow, Chem. Soc. Qu. J. xi. 174.) 

When dry hydrochloric acid is passed over fused sulphocyanate of potassium, great 
heat is produced ; hydrocyanic acid, carbonic disulphide, and sal-ammoniac are given 
off; and a thick yellowish-red sublimate is formed, which, when exposed to moist air, 
gives off acid vapours capable of reddening ferric salts. (Liebig.) 

Sulphocyanate of potassium gently heated with pcntachloride of phosphorus, yields 
gaseous chloride of cyanogen, phosphoric sulphochloride, and chloride of potassium: 

KCyS + PCI 8 = CyCl + KC1 + PSC1 8 . 

At a higher temperature other products are formed. (Sell iff, Ann. Ch. Pharm. cvi. 
116.) 

An aqueous solution of potassic sulphocyanate yields, by electrolysis , sulphuric acid, 
sulphurous acid, hydrocyanic acid, and sulphur. (Schlagdenhauffon, J. Pbarra. 
[3b, xlix. 100.) 

Dry sulphocyanate of potassium heated with metallic iron is converted into ferro- 
cyanideof potassium, together with forrous and potassic sulphides : 

6KOyS + Fe® - KWCy® + 5Fe"S + K a S. 

This process is applied by Gel is to the manufacture of the ferrocyanide. (See 
R4p. Chim. App. 1862, p. 370; Richardson and Watts’s Chemical Technology , 
[6], i. 399.) 

S ulp noCYiNATS of SiLVEB, AgCyS. — White curdy precipitate, insoluble in 
water but soluble in ammonia, whence it crystallises in shining scales free from 
ammonia. Dry chlorine free from hydrochloric acid, converts it into solid chloride of 
cyanogen, chloride of sulphur, and chlorido of silver; with moist acid chlorine, it 
yields also a red sublimate. It dissolves cosily in aqueous sulphocyanate of potas- 
sium, and the saturated solution left over sulphuric acid, deposits rhoinboYdal octa- 
hedrons of the double salt KCyS.AgCyS, which is completely decomposed by water, 
melts without decomposition at 140°, but decomposes at a higher temperature. 

Suiphoctanatk of S odium, NaCyS. — This salt may bo produced in the same 
manner as sulphocyanate of potassium, also by fusing cyanide or ferrocyanide of 
potassium with hyposulphite of sodium : 

4KCv + 4Na*S 3 0* - 4NaCyS + 2K a S0 4 + Na*SO® + Na*S ; 

2K 4 iVCy« + 12Na*S*0® - 12NaCyS + 4K 9 S0 4 + SNa’SCM + Na*S + 2Fe"S. 

A convenient mode of preparation is to heat 1 pt. of potassic ferrocyanide with 3£ 
pts. anhydrous sodic hyposulphite in a porcelain dish, till the hyposulphureus acid is 
decomposed, and dissolve out the resulting sodic sulphocyanate with hot alcohol or 
water. Ferricyanide of potassium heated with hydrated sodic hyposulphite is first 
converted, with separation of sulphur and evolution of sulphurous anhydride, into ferro- 
cyanide, which is then converted, as above, into sulphocyanate and sulphide of sodium. 
(A. Frohde, Fogg. Ann. cxix. 317.) 

Sulphocyanate of sodium crystallises in rhombic tables, very deliquescent, and very 
solub Is in alcohol. 

Sulphootanatb' of Strontium, Sr"Cy*S*. 3H*0, forms deliquescent nodules, 
very soluble in water and in alcohol. 

Suipxootaxatb of Thallium, TICyS, is obtained, by mixing the solution of 
the carbonate with sulphocyanate of potassium, in small shining needles (Ku hi maun, 
Compt. rend. xv. 607). The crystals are quadratic, haring however a monoclinic 
aspect, in consequence of irregular development. Observed combinations, ooP . P« ; 
and o&Poo , oeP . P». Angle cop : Poo » 128° 20*3'; »P : Poo m. 116° V; 
Poo : Poo , in the basal principal section — 76° 40*6'. Twins with the combination-fiice 
Poo . No distinct cleavage. (W. H. Mi Her, Proc. Roy. Soc. xiv. 555.) 
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Sulphoctakatb of Tijt . — Stannous hydrate precipitated by ammonia, dissolves 
for the moat part in sulphoeyanic acid, leaving a light orange-coloured residue; the 
solution, when boiled, deposits stannous oxide, ana leases, on further evaporation, 
lemon-yellow stannous sulphocyanate , Su"Cy 9 S*. This salt, when heatod, becomes 
brown and black without change of form, and finally melts, leaving a black residue, 
which burns away with a glimmering violet-rod light. It dissolves in water and in 
absolute alcohol, the aqueous solution appearing blue by reflected light. Potash 
separates black stannous oxide, and the evaporated solution yields tabular crystals of 
a double salt. Stannous sulphocyanat e dissolves in snlphoeyanate of potassium, with 
separation of brown stannous sulphide; and the filtrate first yields crystals of 
stannous sulphocyanat e, then decomposes on further evaporation . — ft tannic hydrate 
dissolves but very slightly in sulphoeyanic acid. (L, Clasen, J. pr. Chem. xevii. 
349.) 

St’LPHocTANATES of TThahium. — The f uranous salt is dark-green, soluble, and 
crystalline. — The uranic salt is soluble in water, insoluble in alcohol. 

Sclpho cyanatk of Zinc, Z^'Cy^S*. — Deposited from alcohol in anhydrouB 
crystals, very soluble in water. It dissolves also in ammonia, and the solution yields, 
by evaporation, rhomboVdal prisms o (sulphocyanate of cincammonium, ( N 2 H*Z n ")' r Cy *S a , 
which are decomposed by water. 

8VX.FBOCTAVIC AXrBTSBZBB, C 2 N*S - Cy*S. Cyanic Sulphide . Sul- 
phide of Cyanogen. (F. Linnemann, Ann. Ch. Pharm. cxx. 36.) — This compound 
is formed by the action of cyanic iodide on argentic sulphocyanate : 

AgCyS + Cyl « Agl + Cy’S. 

It is most easily prepared by mixing an ethereal solution of cyanic iodide with an 
equivalent quantity of Hrgeutic sulphooyanato, evaporating with constant stirring, mid 
leaving the residual powder to itself for some hours in small closed vessels. The 
*mlphocyanic! anhydride may be separated from the argentic iodide by sublimation, or 
better, by extraction with boiling carbonic disulphide. The solution, if quietly filtered 
at the boiling heat, and then cooled to 0°, deposits the compound in crystals, which 
may be purified by drying in a vacuum over oil of vitriol. 

Sulphoeyanic anhydride is likewiso produced by the action of sulphide of iodine, 
T’S, on cyanide of silver ; of sulphide of chlorine, C1*S, on cyanide of mercury ; ami of 
iodide of cyanogen on sulphide of silver. The product which Lassaigne obtained (in 
1S*2S) by treating cyanide of mercury 1 with sulphide of chlorine, was nothing else than 
suiplioeyumc anhydride. In preparing the compound by this process, a secondary 
product is likewise obtained, consist ing of a white powder, insoluble in carbonic disul- 
phide, but soluble in ether, und having, according to Linnernann s analyses, the 
composition Cy’S.HgCy. 

Sulphoeyanic anhydride forms limpid rhombic tables or laminre, which smell like 
iodide of cyanogen, and volatilise slowly on exposure to tho air. It sublimes between 
30° and 40°, melts at 60°,. and solidifies is the crystalline form. When heated for 
some time in moist air, it decomposes. It dissolves in ether, alcohol , and water , and 
crystallises from solutions supersaturated while hot. It is easily decomposed by 
dilute sulphuric acid, also by nitric and by hydrochloric acid. With iodide of potassium, 
it gives off iodine ; with aqueous cyanide of potassium, it evolves hydrocyanic acid ; by 
fusion with hydrate of potassium, it yields ammouia, carbonic anhydride, sulphide, and 
sulphocyanate of potassium ; with potassium, it forms cyanide and sulphocyanato of 
potassium; with alcoholic potash-solution, cyan ate and sulphocyanate of potassium. 
With nascent hydrogen , sulpkydric acid , and monoeulphide of potassium f it decomposes 
as shown by the equations : 

Cy*S + H* - HCy + HCyS 

Cy*8 + H’S « HCy + HCyS + 8 

Cy*S + K*S - KCy + KCyS + 8. 

With ammonia , sulphoeyanic anhydride forms ths compound (NH*)*Cy*S — 
(just as snlphydric acid, H’S, forms 8), which separates as a crys- 

talline powder On passing dry ammonia-gas into an ethereal solution of the anhydride. 
This compound dissolves easily in absolute alcohol ; melts without decomposition at 
94° ; gives off ammonia with alkalis, and decomposes, in aqueous solution, into 
sulphocyanate of ammonium, and probably oy&namide. 

The aqueous solution of sulphoeyanic anhydride decomposes very quickly, depositing 
a yellow or orange-red powder, resembling persulphocyanogen (tv. 380), but of different 
composition, and perhaps consisting, for the most part, of a polymeric modification of 
fialfmocyaxiic anhydride — namely, the anhydride of sulphocyanuric acid : this compound 

i. l 2 
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appears also to be the chief product of the decomposition of sulpbocyanic anhydride in 
moist air. The acid -solution remaining after the deposition of this powder, contains 
sulpbocyanic acid (as chief product), hydrocyanic acid, sulphocyanate and sulphate of 
ammonium; it, moreover, gives off carbonic anhydride, and probably also carbonic oxide. 
(Linnemann.) 

lodocyanic Sulphide, Cy.IS. — This appears to be the composition of a red- 
brown, very volatile, and easily decomposible liquid, formed, together with iodide of 
silver, by treating sulphocyanate of silver with an ethereal solution of iodine. 
(Linnemann.) 

SUXFHOC'S’AHXG ETHERS. Several sulphocyanatos of monatomic alcohol- 
radicles are known, also the sulphocyanate of ethylene. 

Allyllo Sulphocyanate. Volatile OH of Mustard. Essence de Mouiarde . 
Smfol. CIPN8 - CTE.CyS - ( Boatron aa <l 

Robiquet, J. Pharm. xvii. 296. — Henry andPlisson, ibid. xvii. 451. — Dumas 
and Pelouzo, Ann. Ch. Thy a. [2], liii. 181. — Aschoff, J. pr. Chem. iv. 314. — 
Robiquet and Bussy, Ann. Ch. Pliys. [2], Ixxxii. 328. — Bontron and Fr6my, J. 
Pharm. xvi. 112. — Lb wig and Woidmann, J. pr. Chem. xix. 218. — Will, Ann. Ch. 
Pharm. lii. 1. — Worthoim, ibid. lv. 297. — Gerhardt, Ann. Ch. Phys. [31, xiv. 125 ; 
Traitts, ii. 409. — Gm. x. 41.) 

This ether, or essential oil, is obtained from the seeds of black mustard by distilla- 
tion with water, and exists, together with oil of garlic, in the oils produced in like 
mariner from other cruciferous plants. It does not exist ready- formed in these plants, 
At least not in the dry parts, such as the seed. Its production requires the presence 
of water, and appears to depend upon the action of my rosin, a substance analogous 
to the emulsion of bitter almonds, or another substance, myronic acid, likewise 
existing in these plants in tho form of a potassium-salt. [Seo Myronic Aero and 
Myrosin, iii. 1073, 1075.] The seed of white mustard, which contains my rosin but 
not myronic acid, does not yield allyiie sulphocyanate when distilled with water. 

Allylic snphocyanato is formed artificially : l. From myronic acid, by distilling 
myronate of barium or potassium with a caustic alkali (iii. 1070). — 2. Prom allylic 
iodide, by the action of potassic or argentic, sulphocyanate. — 3. From allylic sul- 
phide (i. 143), by treat ing tho precipitate formed by the action of mercuric chloride 
on oil of garlic with potassic sulphocyanate (Weithcim). According to II Iasi wetz 
(Ann. Ch. Pharm. lxxi. 28), tho precipitate formed by mixing tho alcoholic solutions 
of oil of asafaetida and mercuric chloride, also yields allylic sulphocyanate when 
distilled with sulphocyanate of potassium. 

Preparation a. From m us tard- see d. The seed of black mustard is bruised and 
macerated for about twelve hours with 3 to 6 pta. of cold water, and then distilled, as long 
as any oil passes away with the water. Tho distillation is best conducted by passing 
steam into the still. A saturated solution of mustard-oil in water then passes over, 
and the excess of oil settles to tho bottom. The aqueous solution, which contains a 
considerable quantity of the oil, may bo advantageously used for macerating fresh 
portions of seed. 1000 pts. of mustard-seed macorated with fresh water yield 
from 2 to 7 pts. of oil ; but if water saturated with the oil by repeated distillation be 
used, the product may amount to 10 or 11 parts. 

The crudo oil is mostly yellowish ; it is purified by rectification, after drying over 
chloride of calcium. Pure sulphocyanate of allyl then passes over, between 145° and 
150°. 

5. From allylic iodide. — The iodide dissolved in alcohol is distilled with sulpho- 
cyanate of potassium ; and tho distillate mixed with water is rectified, the pure 
oil passing oVer, between 145° and 150° (Zinin, Ann. Ch. Pharm. xcv. 128). Or 
1 at. iodide of allyl and 1 at., sulphocyanide of potassium ore enclosed, together with 
a littlo water, in a sealed glass tube, and heated for some hours to 100° ; water is 
then added, which dissolves the iodide of potassium and separates the allylic sulpho- 
cyanate; and the latter is rectified, (Berth el ot and De Luca, Ann. Ch. Phys. [3], 
xliv. 495.) 

Allylic sulphocyanate is obtained with still greater facility by the action of allylic 
iodide on sulphocyanate of silver. Tho action takes place at ordinary temperatures, 
iodide of silver being formed ; while the iodide of allyl disappears, and is replaced by oil 
of mustard. At 100° sulphide of silver is formed. (Berthelot and De Luca.) 

Properties. — Allylic sulphocyanate is a transparent colourless oil, of strong refracting 
power, and possessing in the highest degree the sharp penetrating odour of black 
mustard. The smallest quantity of the vapour excites tears, and is apt to produce in- 
flammation of the eves. It has a burning taste; and rapidly blisters the skin. Specific 
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gravity - 1015 at 20° (Duma* and Pelouzeb 1*009 to 1010 at 15° (Will). Boil* 
at 148° (Will). Vapour-density, 3' 54 (Will); calculated, 3*42. Refracting power 
« 1-516 (Will). 

It is sparingly soluble in uxxtcr, but dissolves very readily in alcohol and ether. It 
dissolves sulphur and phosphorus with tolerable facility when heated, these bodies 
separating in the crystalline form on cooling. 

Decompositions. — 1. Oil of mustard kneaded with alumina yields, by dry distillation, 
carbonic anhydride, earburetted hydrogen, and a small quantity of sulphydric acid, 
together with water. (Fon tenelle.) 

*2. Exposed to daylight for three years in well-closed vessels, it gradually becomes 
brownish-yellow, and deposits an orange-yellow amorphous substance having the 
aspect of persulphocyanogen. This substance, when heated, swells up, assumes a dark 
colour, gives off a strong odour of mustard-oil, and leaves a dull but perfectly combus- 
tible* charcoal. It dissolves in warm potash-solution, forming a yellow liquid, from 
which acetic acid precipitates light-yellow flocks ; and the liquid filtered therefrom still 
gives a light-yellow precipitate with acetate of lead, but does not reddon ferric salts, 
and therefore dors not contain sulphocyanic acid. (W i 1 1.) 

3. The aqueous solution of the oil, after exposure to tho air for some hours, loses 
its sharpness, but retains its taste and mustard odour, and deposits a grey powder con- 
taining sulphur (Thibierge). The oil undergoes no change by exposure to tho 
air or to oxygen, even for a considerable time, becoming neither acid nor alkaline. 
(Bout ron and liobiquet.) 

4. When chlorine-gas is very slowly passed into a retort filled with oil of mustard, 
very volatile crystals are formed, having a silky lustre (with evolution of hydrochloric 
acid, according to Du in as aud Pel ouzo). These crystals become cotoured and decom- 
pose when exposed to the air, and are dissolved by a large oxceas of chlorine, yielding 
& viscid, no longer crystal Usable liquid. Potash-ley converts them into a resinous 
substance insoluble in potash. They are insoluble in water and in ether, but dissolve ill 
alcohol in all profinrtious. (Rout run and Fr4»ny.) 

ft. Bromine acts upon oil of mustard with frothing and evolution of heat, and forms 
a brown resin nearly insoluble in water ; tho solution contains sulphuric »md hydro- 
bromic acid. (Aschoff.) 

6. fodtnc dissolves quickly in tho oil, forming a dark red-brown liquid. (Aschoff.) 

7. When oil of mustard is treat**! with moderately strong nitric acid, a brisk reac- 
tion takes place, the oil becoming thick, assuming n green colour, and being converted 
into a resinous substance called nitrosi napylic resi n. The mother-liquor contains 
oxalic acid and a nitro-acid calks! nitrosina py lie acid, of waxy consistence, solu- 
ble in water, insoluble in alcohol and other. Tho solution gives yellow precipitates 
with lead- and silver-salts. Tho barium-salt is n yellow powder, aolublo in water, and 
gives by analysis 1 823 percent, carbon, P6C hydrogen, 39*25 barvta, 2*74 sulphur, and 
21 -06 oxygen, which, if the small quantity of sulphur be ni gloctcd, may be represented 
by the formula C 1 l fl I >a"( NO s )*N 2 0\ making that of tho acid C 8 H 4 (NO*)NU*. 

8. When oil of mustard is completely oxidised by nitric or by chromic acid, largo 
quantities of formic and acetic acids are produced, together wit^ u small quantity of 
propionic acid. 

9. Aqueous potash, soda and baryta, also tho oxides of lead, silver , and mercury , in 
presence of water, convert oil of mustard into sinapol ino (p. 311), with formation of 
a metallic sulphide and carbonate : e.g., 

2C*H a NS + 3Pb*0 + IPO * CPIP’X’O + 2Pb"S + Vb'VO'. 

Oil of Sli.apoliuc. 

nuu'ard. 

Per this decomposition the presence of water is absolutely necessary; the same 
oxides, in the dry state, abstract the sulphur but slowly and imperfectly from oil of 
mustard. " * 

When oil of mustard is boiled for -some time with strong soda-ley , in such a manner 
that the vapour may be condensed and flow hack again, a large quantity of ammonia 
is evolved, and an oil of fishy odour is produced, which may be free* l from the last traces 
of sulphur by means of potash and hydrate of lead ; after washing with dilute acid and 
with water, and subsequent rectification, it is colourless, and exhibits the composition of 
ally lie peroxide, 0*11*0. It forms a crystalline compound with nitrate of silver* 
(Hlasiwetz, J. pr. Chem. li. 369.) 

10. An alcoholic solution of potash or soda acta very differently from the aqueous 
solution. When oil of mustard is dropped into a concentrated alcoholic solution of 
potash, great heat is produced, which, if care be not taken to add^ the liquid slowly, 
may rise in a few seconds to violent ebullition, and occasion the projection of the con- 
tents of the vessel. No permanent gas is evolved, excepting perhaps a little ammonia* 
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The brown-red mixture exhibits, instead of the pupgeiit odour of oil of mustard, 
merely a mild garlic odour ; deposits, after a while, crystals of neutral potassic carbo- 
nate with 1 at water; and when decanted from these crystals and mixed with water, 
is resolved, with milky turbidity, into aqueous sulphosinapic acid (p. 626), holding in 
solution a certain quantity of oil which may be dissolved out by ether, and an oil 
which sinks to the bottom ; and if the mixture has been heated to the boiling-point, is 
dark-coloured, and contains insoluble flakes. (Will.) 

The peculiar oil obtained by keeping the mixture cold, after bping separated from the 
aqueous sulphuric acid by collecting it on a wet filter, purified from potash by washing 
with water, rectifiod with solution of common salt, and freed from the water, which 
makes it turbid, by standing for several days over chloride of calcium, and decantation, 
is transparent and colourless ; has a density of 1*036 at 14°; a mild alliaceous odour; 
a taste which is not burning, but cooling; boils betweon 115° and 118°; but is 
partially decomposed by distillation, even in a stream of gas, ammonia being formed, 
as shown by the vapour browning turmeric-paper slightly, and a brown resin remaining, 
which gives olF a largo quantity of ammonia when more strongly heated, and from 
which, by continued boiling with water, a volatile alkaloid, not yet further ex- 
amined, may be extracted. The oil, when boiled with baryta-water, forms sulphide 
of barium, and a non-volatile substance, which remains in solution, and appears to be 
an alkaloid. From lead-salts and silver-salts it also precipitates the sulphides on 
boiling. It forms a precipitate with alcoholic mercuric chloride, and, if the solution 
be not too dilute, likewise with alcoholic stannic chloride. It is sparingly soluble in 
wutor, but dissolves in all proportions in alcohol and ether. (Will.) 

Its composition, as determined by analysis, is as follows : — 
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As thfe oil gives off ammonia after each rectification, whereby the amount of nitrogen 
is diminished in greater proportion than that of the other elements, it is probable that 
the original oil before the first rectification was C N H“ A N a S a O‘ J .NH B =. C ,l H'“N 4 S 2 0* 
(or C 7 iI ,4 N 2 SO), and therefore = CS 7 H l *N s O (sinapoline) +■ IPS. (Will.) 

According to this assumption, the equation fur the decomposition of oil of mustard 
by alcoholic potash should be the following : 

8C 4 NH 4 8 + 3KHO + H 2 0 = K 2 CO* + C 4 H fl tfKS* + C T H“N*SO. 

11. When oil of mustard is mixed with pulverised soda-lime, and heated for some 
time to 120° in a sealed tube, the sharp mustard odour is found, on opening the tube, 
to bo replaced by an aromatic alliaceous odour; and on distilling the liquid, oxide of 
allyl (i. 142) is obtained, while sulphocyanate of sodium remains, often mixed with 
sulphide of sodium, produced by the secondary action of the excess of soda on the sul- 
phocyanate ( W o r t h e i m) : 

2(C*H*C NS) + NVO - (CW*)'0 + 2NaCNS. 

12. From an alcoholic solution of the oil, metallic salts, e. g. mercuric and platinic 
chloride , also silver- and lead-salts (the latter at the boiling heat), separate metallic 
sulphides. (Will.) 

l>ry pulverised hydrate of potassium decomposes oil of mustard in a similar man ner 
to the alcoholic solution of potash ; but the products are less definite, because it is 
difficult to prevent too great a rise of temperature. 

13. Monosulphide of potassium heated with oil of mustard in a sealed tube, to 100° 
or a little higher, forms sulphocyanate of potassium and oil of garlic : 

2(C*H*)CNS + X*8 - 2KCNS + <C*H*)«, 

If a polysulphide of potassium be heated in a similar manner with oil of mustard, and 
the product distilled, a solution is obtained which yields delicate crystalline needles, 
having a moat intense odour of asafoetida. 

14. Potassium decomposes dry oil of mustard completely, even at ordinary tempera- 
tures ; on applying a gentle heat, sulphocyanate of potassium and sulphide of allyl are 
formed, together with a gas, which has not been examined. 

Many of the heavy metals decompose oil of mustard, abstracting the sulphur. Mer- 
cury is quickly blackened when shaken up with the oil and watqr; and copper vessels 
in which mustard-oil is distilled, become coutod with snlphide of copper. 



Combinations — Ally lie sulphocyanate uoitoe with alkaline sulphides, forming 
compounds of the form C'H^NS.IVPS. — The potassium -salt, CUPNS.K^S, is deposited as* 
a white granular powder, on mixing the alcoholic solutions of potaasie monosulphide 
and allyUc sulphocyanate, the former slightly in excess, and evaporating at a gentle 
heat. — Another salt, containing 2C 4 H*NS K*S, separates from the mother-liquor of 
the preceding, when left over oil of vitriol, in needle-shaped crystals having a scarcely 
perceptible yellowish tinge. — The barium-salt, C , H y NS.Ba"S, is formed by gradually 
adding oil of mustard to a warm yellow solution of barium-sulphide, till its odour 
becomes permanent *The filtrate-yields, on cooling, laminar efflorescent crystals con- 
taining 3 at water. (Will.) 

Wiih alkaline sulphydrates it unites in like manner, forming salts of allgUu^pho- 
carbamic or sulphosinapic acid (q.v.) ; e.g^ C*H 8 .CNS + KXIS — (CS}" |s* 

AllyUc sulphocyanate unites readily with ammonia, forming thiosinamine, 
C 4 H 4 NS.NH*" -» sulphocyanate of allylammonium,^ 2 j S ^Qi^ t ^|s, or allyl- 

sulphocarb&mide, C s H a >!? With the alcoholic ammonias, in like manner, it farms 
H f j" 

thiosinamines in which the typic hydrogen is more or less replaced by alcohol-radicles: 
thus with ethylamine , it forms ethylthiosiuamine or ethyl-ally iBulpliocarbamido, 

(CSf 

C'IPNS.NHVC 2 !! 4 ) C*II A vtj (see Thiosinaminb) ; and with tricthy! phosphine, 

c*iiui*r 

it forms triethyl-allyl-sulphocarbophosphamide, C^IPNS.PfC*!! 4 ) 4 — 
[(C8) 

C*H* y TJ , See Phosphorus-banes (iv. 616 ). 

rr 

cn ( | g _ (car 


(C 4 H V 


LmyUo Sulphoeyanate, OWNS -> C»ipi[® “ CTI* 1 1 (^ enr y»^ nn * 
Ch. Phys. [3] xxv. 248. — Mod lock, Ann. Ch. I ’harm, ixix. 214.) — Obtained by dis- 
tilling, in a capacious retort, about equal volumes of crystallised amylsulphato and sul- 
phocyanato of potassium. It is a colourless vory mobile liquid, which after drying 
end rectification, boils constantly at 197°. Specific gravity ** 0’t>0f> at 20°. It has a 
pungent alliaceous odour, and burns with whilo smoky flame. It is but little attacked 
by sulphuric acid. By boiling with nitric acid, it is converted into amylsulphurous 
acid. 


Stttyllo Bulphocyanate, C*H*NS - | S - (Cahours, Ann. 

Ch. Phya. [3] xviii. 264. — Lo wig, Pogg. Ann. lxvii. 101. — Muspratt, Ann. Ch. 
Pharm. Ixv. 253.) — This ether is prepared : — 1. By saturating a concentrated solution 
of potassic sulphocyanate with ethylic chloride. As soon as the reaction, which is slow, 
(but may be accelerated by sunshine) incomplete, the" liquid is to be diluted with an 
equal bulk of water and distilled, the distillate mixed witn twice its volume of pure 
ether, and sufficient water added to separate the ethereal solution of ethylic sulphocya- 
nate, The ether is then drawn off by distillation, and the remaining ct hylic sulphocyo- 
nate is purified by rectification over chloride of calcium. — 2. By distilling equal parts 
of calcic ethybmlphate and potassic sulphocyanate, both in concentrated solution. 

Ethylic sulphocyanate is a mobile, colourless, strongly refracting liquid, having a 
taste of anise, and a pungent odour like that of mercaptan. Boils at 140°. Specific 
gravity of liquid ■* 1*020 at 16°; of vaponr ** 3 01 8 . It is insoluble in water , but 
alcohol and ether dissolve it in all proportions. 

Ethylic sulphocyanate is rapidly decomposed by nitric acid , yielding clhylsulphur- 
ous acid, with only a small quantity of sulphuric acid. The same acid is formed oia 
treating the ether with hydrochloric acid and chlorate of potassium, the reaction being 
often so violent as to set the volatile products on fire. 

Chlorine gradually attacks ethylic sulphocyanate, forming chloride of cyanogen, and 
a heavy oil soluble in water. — Bromine attacks it violently, forming cry stalli sable 
products. 

When heated to 100° in a sealed tube with aqueous potash , it is converted into 
ethylic disulphide, with formation of potassic cyanide and cyanate (Br fining, Ann. 
Ch. Pharm. civ. 103) : 

2C*H*CyS + 2KHO - (CPfl*)^* + KCy + KCjO + H*0. 


On boiling the ether with alcoholic potash, ammonia is given off. together with 
ethylic disulphide. With an alcoholic solution at potassic m on osu inhide, it forms 
sulphide of ethyl and sulphocyanate of potassium, without evolution of ammonia. 
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The alcoholic solution of ethylie sulphocyanate does not precipitate metpllie boIu-* 
•tions. • 

Dry ammonia-gas forms, with ethylie sulpho cyan ate, a small quantify qf^JWbcfijy 
haying the composition of ethyl-sulphocarbamide, (CS)"(C a H 4 )H a N a .-^nt^3|iieoiis 
ammonia of ordinary Strength, black uncrystallisable products are formM>with excess 
of dilute aqueous ammonia, the products formed are cyanide of ammoniumj carba- 
mide, and disulphide of ethyl : 

2(C*H*.CNS) + 2NH» + H 2 0 - (NH<)CN + CN«H«g .+ (C*H*)*S*. 

Ethylaminc likewise decomposes ethylie sulphocyanate. (Jeanjean, Compt. rend. ly. 
830; see also Kremer, J. pr. Cbcm. lxxiii. 365 ; Jahresb. 1858, p. 401.) 

With triethyl phosphine at 100°, it forms a large quantity of triothyl phosphine- 
sulphide, together with cyanido of tricthylphosphonium (Hofmann, iv. 611): 
CHP.CNS + 2(OTI # ) S P * (C 2 H 4 )*PS + (C a H 3 )<P.CN.* 

Stbylenle Sulphocyanate, C'H'N-’S' -= S * = (C^H‘)"| N1 - ( Son * 

nenscliein, J. pr. Chem. Ixv. 257. — Buff, Ann. Oh. Pharm. xcvi. 302, c. 219 ; Jahresb. 
1855, p. 610 ; 1856, p. 597.) —Produced by heating an alcoholic solution of ethylenic 
chloride (Dutch liquid), with an equivalent quantity of potassic sulphocyanate, to 100° 
m a sealed tube. Chloride of potassium then separates out, and on distilling off the 
volatile products from the filtered liquid, removing the remaining chloride and sulpho- 
cyunate of potassium with a littlo cold water, and dissolving the residue in hot 
water, a solution is obtained which yields crystals of ethylenic sulphocyanate on cool- 
ing. 

Ethylenic sulphocyanate is moderately soluble in boiling water, and separates there- 
from in stellate groups of small needles ; easily soluble in warm alcohol, whence it 
crystallises in largo, white, shining, rhombic plates. It melts at 90°, and solidifies at 
83°; decomposes at a stronger heat, giving off a pungent odour, like that of burnt 
onions. With vapour of water it appears to distil undecomposed, the vapour 
attacking the eyes strongly, and oxciting violent sneezing ; it has a sharp burning 
taste. It dissolves in very dilute nitric acid , crystallises again in needles on cooling ; 
hut stroqgor nitric acid converts it into a crystalline acid, which, according to Buff, is 
identical with disulphet hoi ic or ethylene-sulphurous acid, OTPS'-O 6 . 

Acids do not separate sulphoeyanic acid from ethylenic sulphocyanate. The alco- 
holic solution does not give the reaction of sulphoeyanic acid with ferric salts till it 
has been boiled with potash. When boiled with baryta-water, it yields carbonate and 
sulphocyanato of barium. On boiling it with plumbic hydrate , sulphide of lead is 
formed, especially on addition of potash, and the solution gives, with ferric salts, 
the reaction of sulphoeyunic acid. The alcoholic solutions of ethylenic sulphocyanate 
nnd mercuric chloride yield, uftor a while, a white precipitate (Sonnenaehein)t 
With ammonia it forms an easily soluble substance, which readily gives up sulphur to 
mercuric oxide (Buff). — With tri ethylphosphi n e it acts similarly to ethylie sulpho- 
cyanate, yielding sulphide of triuthylphosphino and cyanide of ethylene-hexcthyl- 
diphosphonium (Hofmann): 

C a II«.C a N*S 2 + 4(C 2 H 3 )*P - 2(C 2 H i )*PS + (COP)" (OT^.CW 

Sexy lie BulptiooyAnate, C B H ,a .CNS. (Polouze and C ah ours, Ann. Ch. 
Fhys. 1 4] i. 5.) — Produced by heating hexylic chloride to 100° for several hours with 
alcoholic sulphocyanate of potassium. It is a ncurly colourless fetid liquid, of specific 
gravity 0 9 22 ut 12°, boiling ut 215° — 220°. 

Metbyllo Sulphocyanate, CH’.CNS ** j (Cahours, Ann. Ch. 

Phys. [3] xriii. 261.) — Obtain ml by distilling a concentrated solution of equal parts 
of potassic sulphocyanate and calcic methylsulphate. It is a colourless very mobile 
liquid, having an alliaceous and intoxicating odour. Boils between 132° and 133°, 
Specific gravity of liquid, 1*115 at 16°; of vapour =» 2*570 — 2*549. It dissolves 
slightly in water ; in all proportions in alcohol and ether. Chlorine attacks it veir 
slowly in diffused light, producing fine crystals of chloride of cyanogen, together with 
a heavy yellow oil, which solidifies in contact with ammonia. — Jfitric acid of ordinary 
strength dissolves it when warm, and deposits it again on cooling. By continued 
. boiling with nitric acid, it is converted into methylsulphurous acid. It is scarcely 
attacked by potash ordinary temperatures ; but alcoholic potash decomposes it when 
heated, ammonia and met hylic disulphide being given off, while cyanide and carbonate 
of potassium are found iu the residue. With alcoholic sulphide of potassium, it fbtats 
sulphocyanate of potassium. and sulphide of methyl. — Aqueous ammonia decomposes 
it quickly, forming a brown substance resembling ulrain, and a small quantity Of a 
white crystalline body. 
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» Bolphoeyanate, 


C'*H’.CN3 - gj^N. (V. Hall, Phil. Mag.* 


^)— This ether is produced, together with naphthylamine, by distilling 
iinftpWDyl^|phocarbamide (obtained by digesting crude naphthyl amine with carbonic 
disulphide) wffli phosphoric anliydride : 


It is a crystalline compound, having a peculiar odour, easily fusible, insoluble in water, 
but very soluble in alcohol and ether. With naphthylamine, in alcoholic solution, it 
reproduces naphthyl-sulphocarbamide. # With aniline , it yields plionyl-naphthy l-sul- 
phoc&rbamide, [(CS)".C S H 4 .C**H 7 .H-]N 2 . 

Pbenyllc Bulpbooyanate, C*H S .CNS = |h. (Hofmann, Proc. Hoy. 

Soc. ix. 274, 487; Chem. Soc. Qu. J. xiii. 309.) -Produced by distilling phonyl- 
Bulphocarbumide, (CS)".C tt HMI 3 .N a , with phosphoric anhydride. After rectification 
over the latter, it is a colourless transparent liquid, smelling like oil of mustard, 
having a specific gravity of 1135 at l.V\ and boiling at 220°, under a pressure of 
0762 met. It distils unaltered with water, and even with hydrochloric acid, but is 
very easily decomposed bv alkalis. Alcoholic potash converts it first, into diphenyl- 
sulphocarbamule, then into diphenyl-carbamide! With ammonia , it yields plionyl-aul- 
phocarbamhle : 


C1I*CS.X + NIP « (CS)' r .C*IP.H*.N*. 

With amines, it unites in a similar manner: with aniline, for example, it forms 
diplicny 1 -mi 1 pltocarl mm ide. and wil h naphthyl a mine, plionyl-naphthy lsulphocarbamido, 
isomeric <ir identical with that above described. 

With triethy? phosphine it unites so energetically that the mixtnro often takes fire: 
when, however, tho action is duly regulated, triethyl-plienyl-siilphucarbophosphamide, 
CMl’NPS - ( CS )"( Oil 4 /. C’l P.N . 1>, is produced (iv. 610). With (rim ethyl phosphine, 
in like manner, it forms the compound C ,# I1 M NPS *= (CS)'XC]£ , ) , (C , lI ft ).Nl\ which 
is an oily liquid, insoluble in water, slightly soluble in ether, easily in alcohol, and 
forming with hydrochloric acid the crystalline salt C ,U 1I ,4 N1 J S.IIC1. 


SVLPBOCYMSNXC ACID. Syn. with Thymtlsijlmiuhous Acid. (See 
Sc I.PJI l T HO us Ethers. ) 


8V&PBOBRACONXC ACXB. A conjugated acid, produced, according to 
Laurent , by treating oil of anise or tarragon with a largo excess of sulphuric acid. 


8VLPH07LAVXC ACID. See Jndkjosttlpiiuric Acids (iii. 262). 

8U&PBOTOBM. An oily liquid, produced in small quantity by distilling iodoform 
with mercuric sulphide (Bouc hardut, J. Pharru. xxiii. 12). According to Eggert, 
however (Chem. Centr. 1857, p. 613), this product thus obtained is nothing but car- 
bonic disulphide. 

SULPHOrULVIC ACZD. Soo iNDiGosm.PHtrRic Acins (iii. 262). 

81TIPHOOLUCXO ACZD. Syn. with Glucgsosulpiiuuic Acid (ii. 872). 

BUXPBOODVTZmtC ACZD. The name applied by Berzelius to a glutinous 
acid, formed, together with other products, by the action of sulphuric anhydrido in 
excess on naphthalene. ( Gerhardt’s Trait l, iii. 468.) 


BVXiPHOOLTCBBXC ACZD. C’H'SO*. Syn. with Glycrrosulphubic Acid 
(ii. 892). 


8VXM0OITO01UC ACZD. C 2 H 4 S0‘. 
Acid. (See Ethylene, Sulphate of, ii. 682.) 


BV&»BOBX7»UftZC ACZD. C’H’NSO* 


Syn. with Ethylkne-sulfhubic 




C 7 H*0 
(CWO)" 
(80*)" 
H* , 


y 

o a * 


(Schwanert, Ann. Ch. Pharm. cxii. 69 ; J&hresb. 1859, p. 328.) — Formed by treating 
hippuric acid with sulphuric anhydride. By converting the product into a lead-salt, de- 
composing with sulphydric acid, Ac., it is obtained as a brown, amorphous, deliquescent 
mass, which is decomposed by nitrous acid, yielding sulphobenzoic acid, together with 
an oily liquid, probably glycollic acid. 

The acid is dibasic. Its neutral barium-salt has the composition C*H ? Ba"NSO*. By 
boiling the acid with plumbic hydrate, a salt is obtained having approximately the com- 
position C’H 7 Pb"NS0\ 
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ffULPHO-HTBSOQVnrOirZC ACIDS. See Hyx>jboqui 2 *onb (iii. 217). 
mmwmomijkuaJkMxo acts* and BnnojLxxc acid . Oily acids, 
produced, according toFr^my (Ann. Ch. Phys. [2] Ixv. 113), together with satpho- 
glyceric acid, by the, action of strong sulphuric acid upon ^ olein at low tempera- 
tures. The sulph oleic acid, being insoluble in the acid* liquid, separates in the 
form of an oil from the eulphoglyceric acid, which remains dissolved. These two acids 
have not been separated, and consequently their composition has not been determined. 
They are both soluble in water and in alcohol, so likewise are their potassium-, 
sodium-, aud ammonium-salts ; the other salts are insoluble in water, slightly soluble 
in alcohol. 

Sulpholeie acid is decomposed by water, yielding hydroleic and meta-oleic acids 
(iv. 195). Sulphomargaric acid yields similar-products. 

8VLFBOLIOVIC ACID. A syrupy acid obtained by treating $otton, linen, 
sawdust, and other forms of cellulose, with strong sulphuric acid. It forme soluble 
salts with baryta and oxide of lead. (Gerhard t, ii. 548.) 

BULFBOMAUNITIC ACID. C e H u 0 8 .3S0\ — An acid produced by dissolving 
mannite in strong sulphuric acid. It appears to be tribaBic, forms gummy deliquescent 
salts with the alkalis and with oxide of lead, and a crystalline salt with baryta. 

mraoiinunnuDRO acid. c*N‘H«S* ■■ CylPN.2CyHS =» §T|s*- 

Suljphomellonio acid. Sulphydromellonic acid. Hydrothiomdlone. (Jamieson, Ann. 
Ch. Pharm, lix. 339.) — An acid obtained as a potassium-salt by boiling persulphocya- 
nogen with sulphydrate of potassium : 

2C 8 N 8 HS 8 + 3KHS + 2H 2 0 - C*N 4 H S KS 2 + 2CNKS + CO* 

+ 3 IPS + S*. 

The resulting liquid neutralised with acetic acid yields a copious white precipitate, 
consisting of sulphur and sulphomolanurenic acid, which is to be washed and treated 
with cola aqueous ammonia, to dissolvo out the acid and leave the sulphur; and the 
filtered solution, after being loft to evaporate in a warm place, is to be boiled with 
animal charcoal, till it yields a perfectly white precipitate with acids. 

Sulphomelanurenic acid is nearly insoluble in cold water, alcohol, and ether, slightly 
soluble In boiling water, which deposits it in very small needles. It is tasteless, but 
reddens litmus. It begins to docompose between 140° and 150°, and is resolved at a 
higher temperature into mellone and sulphydric acid : 

CylPN.2CyHS « NCy 1 + 2H*S. 

Sulphomelanurenic Mellone. 
acid. 

When heated with hydrochloric, sulphuric, or nitric acid, it is resolved into ammonia, 
sulphydric acid, and cyanuric acid : 

CyH*N.2CyHS + 3H*0 - NIP + 2IPS + Cy*H*0*. 

Sulphomelanurenic acid is monobasic. Its potassium -salt, 2C*N 4 H , KS 2 .3H 2 0, forms 
shining colourless prisms, very soluble in water and in alcohol. — The sodium-salt , 
2C 8 N 4 H l .NaS 2 .3H*0, crystallises in large translucent plates having a fatty aspect, or 
in small scales resembling cholesterin. — -The barium-salt , C 8 N 8 H 8 Ba"S 4 .5H*0, forms 
colourless needles, having a fine adamantine lustre, and very soluble in water. — The 
strontium-salt, C 8 N B H 8 Sr f S 4 .4lPO, forms largo plates having a waxy lustre. — 
Tho calcium-salt, C s N*H 8 Ca"S 4 .2H 2 0, forms shining crystals. — The magnesium-salt, 
C«N 8 H 8 Mg"S 4 .6H*O t crystallises in small shining needles, very soluble in water. 
- — Tho silver salt, C*N 4 H s AgS*, is precipitated in white flocks, quite insoluble in 
water, on adding nitrate of silver to an ammoniacal solution of the acid. It blackens 
on exposure to light, but bears a temperature of 100° without decomposition. 

BVLFBOMBljXtOVIO ACID. Syn. with Sttlfhomxlaiturknic Acid. 

8V&FBOXK1TBTUC ACID. Syn. with Mkthyi.su lfhuric Acid. (See Sul- 
phuric Ethhbs.) 

•UDFBOMOLYBDATBB. See Modybdeituh, Sulphides of (iii. 1043). 

8ITLFXOMOBFBZDI. A product of the action of sulphuric acid on morphine 
(iii. 1055). 

innoufinuun C»H'«SO* - (Bercelin*. Ann. 

Ch. Phys. [2] lxv. 290. — Laurent, Rev. Scient viii, 587.) — This compound, which 
may be regarded as a double molecule of naphthalene, (C ,8 H 8 ), having two of its 
hydrogen-atoms replaced by sulphury 1, is formed by directing the vapour of sulphuric 
anhydride on an excess of fused naphthalene. A red syrupy liquid is thereby formed, 
from which the sulphonaphthalene may be separated by treating it with boilingwater, 
and crystallising the residue from aqueous p’-nhol. 



SIJLPHOFHENTLAMIDE. 08 


Sulphanaphthalone crystallises from aleoholia solution Hi tasteless Inodorous 
nodules. It melts at 7 0°, and solidifies on cooling to a transparent mass, which becomes 
electric by friction. At a higher temperature, it decomposes, giving off sulphurous 
anhydride. It is slightly soluble in water, more soluble in boiling alcohol, not attached 
by boiling potash-ley. Nitromuriatic acid dissolves it at the boiling heat, without forma* 
tion of sulphuric acid. 

tmbraOVAVBTIAUO ACID. C^IPSO 1 . Syn. with Naphthtlsulphu- 
bous Acn>. (See Sulphurous Etuebs.) 

Disulpbon aplitbalie Acid, C ,0 H 8 S*O a . Syn. with K ap hth ylrnb- su lph u rou s 
Acid. (See Sulphurous Ethers.) 

SXOPHOVAPHTHAXiXDAKIO ACID. Syn. with Naphthiohio Acid 
(iv. 17). 

8ULPH OVAPBTHANXC ACZX>. Syn. with Sulphonaphthalio Acid. 


8ULPBOVAXCOTZ9B. A product of the decomposition of sulphate of narcotine 
(iv. 28). 

8V&PKOPBXVZO ACID. C*IP.H.80\ Syn. with Phentz.suz.pkubio Acid. 
(See Sulphuric Ethers.) 

■nrHopamuanoK CH'NSO* - c '^ 0, |n - (sorjy. — Sul- 

phafjcuzohmide. A 'Mure phenyl aid f ureux. Acoture de sulfophenyle et dhydrogbne. 
(Gerhard t and Chancel, Compt. rend. xxxv. 690. — Gerhard t and <3hiozza, 
ibid. xxxv. 86 ; Gerhard t'ts Trade, iii. 74.) — Produced by the action of ammonia 
on fuilphoplmnylic chloride. A convenient mode of preparing it is to pour the 
chloride on a large excess of pulverised ammonium-carbonate ; the reaction commences 
immediately, and may be completed by gently heating the mortar in which the mixture 
ih made, till t ho odour of the chloride is no longer perceptible. The product is then 
washed with cold water, which dissolves out the sal-ammoniac and the excess of 
ammonium-carbonate, and the mdduul Hulphoplienyhimido is crystallised from a small 
quantity of boiling alcohol. It is also produced (together with sulphurous anhydride, 
ammonia, benzol, and a email quantity of plicnylic sulphide) by heating phenylsulphito 
(sulpholunzolntc) of ammonium. (Stcuhouse, Proc. Koy. Soc. xiv. 361.) 

Sulphoplienylamido crystallises from alcohol in splendid nacreous scales (Ger- 
hardt); from alcohol or water in lamina? resembling naphthalene, and melting at 
163° (SLenhouse) ; according to Gerhardt, it is insoluble in water, very soluble ia 
alcohol, soluble in boiling aqueous ammonia. 

Sulphophenylamidc contains two atoms of typic hydrogen, one or both of which 
may be replaced by metals or organic radicles. The following compounds have thus 
been obtained: — 


Argentosulphophenylamide . 
Bonzosulphopb enylamido 
Argento-bensosulphophenylamido . 
Dibenzosulphopbenylaroide . 
SenzaceUumlphopheny lam ide 
CumoHulphophcnylamide 
C umo-benzos ulphoph eny 1 am i do 
Phenylsulphopnenylamide . 
Succinosulphophenylamido . 


. C-IPAgNSO*. 

. cni-ccupojNso’. 

. C*H*Ag(C r H 6 0)NS0*. 

. C*H \ C*H*0)*NS0*. 

. C fl H\C 7 H»0)(C*H*0)NS0*. 

. C*H*(C'*H"0)NSO* 

. C^H^C^^XC’HKiyNSO*. 
. C*H*(C*H*)NSO*. 

. C*H\ClH«0*)'NSO a . 


Argentostdphopkenylamide , C*H*AgNSO*, is obtained as a white crystalline precipi- 
tate on adding nitrate of silver to an alcoholic and ammoniacal solution of sulpho- 
phenylamide. 

Succino8ulphophenylam ide, C^IPNSO*, is formed by the action of suceinie chloride 
on snlphophenylamiae. The product, which is viscous at first, solidifies when treated 
with alcohol, and crystallises therefrom in very fine needles. 

Phmyhulphophenylamide, or 8ulph*yjheny l anilide, C ,f H l, NSO* r is formed by the 
action of aniline on sulphophcnylic chloride. I'he product remains viscous for a long time; 
but when dissolved in alcohol, it yields splendid prisms, with pyramidal frees, like 
small ciystala of amethyst, w'hich they also resemble in colour. They dissolve easily 
in alcohol and ether. (Chiozza and Biffi ; GerhardCt Traiti , iii. 081.) 

The other compounds in the preceding list have been already described under Bmr* 
xahidb (i. 530, 540), and Cuwkamide (ii. 177). » 

(S&F 

Vitulphophenylamide, C'*H"N8*0‘ « tf.H.(C*H*S0 J ) a - (C*H*)* | 

H 


-}s- 



Produced by gently heating" argentosulphophenylamide w$h eulphophenylk* chloride • 

purified by crystallisation from ether. ' 

^ J / - (C a H A SO*)») 

jjtuceino dibi^o-diaulphophenyldiainide, — (C 7 H a Oy Ln« 

(ko)»*; Y " . ( 0 ) 

■> (Q^jpo) 3 «■ — Ttis compound, obtained by heating argento-benzosulpho- 
(C 4 H 4 O a )" i 

phenylamide with succinic chloride, crystallises from ether in small needles. 

SUXPHOFHEimXC or PHEWS’X.SITXiPHtmOUS CBIOBXDB. 

OTPSCPCL (See Sulphite o us Ethers. ) 


gV&PHOPBSBTLZC or PHMJYZSUXPKITROirS BTORZBB. C*H 4 SO* 
—A compound formed by the action of reducing agents on the corresponding chloride. 
(See Sulphurous Ethers.) 

C fl H s S0 3 .H ) w 

gV&PBOPBSBT&SVCCIBAMIC ACID. C ,0 H n NSO 5 = (C 4 H 4 0 3 )* 

H ) u 

N 

q 2 . (Gerhardt and Chiozza, Ann. Ch. PliyB. [3] xlvii. 129.) — 

The ammonium-salt of this acid is obtained by evaporating an ammoniacal solution 
of succinosulphophcnylamide, first at a gentle heat, then in a vacuum. A very thick 
syrup then remains, which alternately crystallises in concentric groups of silky fibres. 
This salt is very soluble in water and in alcohol, melts at 160°, giving off a large 
quantity of ammonia, and leaving an oil which, when dissolved in ammonia, yields 
crystals of sulphophonylamide. The aqnoous solution of the ammonium-salt, mixed 
with a few drops of hydrochloric acid, deposits splendid needles, which melt between 
155° and 160°, and have the composition of the original salt. Tho silvir-salt, 
C ,0 H ,0 AgNSO“, is deposited in beautiful needles on adding nitrate of silver to a solu- 
tion of the ammonium -salt. 


(SO)" 

(C 4 H 4 0*)" 


atrXaPKOPHXiOKAZttXC ACXB. An acid produced by heating phloramine (iv. 
488) with strong sulphuric acid. On saturating the solution with carbonate of barium, 
decomposing tho hot filtrate with sulphuric acid, and decolorising with animal charcoal, 
tho acid is obtained in colourless needles. Its solution, even when very dilute, forms 
a deep violet colour with forric chlorido, like that produced by tyrosinsulphuric acid. 
(Hlasiwotz, Ann, Ch. Pharm. cxix. 199.) 

BVLPBOPBLOBBTXC ACID. C 9 II ,# ao«— This acid, produced by the action 
of sulphuric anhydride on phloretie acid, forms a very sour syrup, oasily soluble in 
water and in alcohol. The barium-salt , C°II H Bu"SO*. 3IPO, crystallises in hard appa- 
rently rhomboids! crystals ; it is insoluble in alcohol and ether, and gives off its water 
at 16°. The calcium- salt, C®H fi Ca i 'S0 <, .4H*0, is crystalline ; the magnesium-salt, 
C fl II 9 Mg"S0 6 .6H a 0, gummy. The sodium-salt , C u H 8 Nu 2 S0*.xH 2 0, forms hard, easily 
soluble, crystalline crusts, which giro off their water at 260°. (Nachbaur, J. pr. Chem. 
lxxv. 45.) 

SVEPHOPBOSPHATSS ahd SCXPHOFBOBFBXTB8. See Phosphorus, 
Sulphides of (iv. 603, 604). 

SVX.PHOPXAXTXO ACXO. See Ofixnic Acid (iv. 206). 

. BULPBOPURPUIUO ACXB. See Indioosulphusio Acids (iii. 262). 

STOPHOPYBOanrcXO ACXB. CTI 4 S0«. By treating well-dried pyromucic 
acid with sulphuric anhydride, a yellow-brown syrup is obtained, which, by dilution, 
neutralisation with baryta, and evaporation, yields an indistinctly crystalline barium- 
salt, containing (at 160°) C*H*Ba"SO* (Sc b wanert, Ann. Ch. Pharm. cxvi. 268.) 

, BVLPBOQVSBXC ACXB. Syn. with Quinine-sulphuric Acid (p. 26). 

BVLPBORBTZBTLXC ACXB. An acid isomeric with sulphocnmolic acid, 
obtained, according to Cahours and Gerhardt, by treating retinyl (iv. 98) with fuming 
sulphuric -acid. Its barium-salt is less soluble than the suiphocumolate, and separates 
on evaporation in crystalline crusts, which have not the nacreous aspect of the eulpho- 
cumolate. (Gerhardt, iii. 388.) 

BVXiPHOBtmG ACXB. See Indiqosulphueic Acids (iii. 262). 

•V&PBOBAOOBA BXC or BVIPBOOXiVOZO ACXB. C* 4 H*SO* - 



^^^^KJTiLldACID. g# 

4C*H lt 0 # i3[0* f (Peligofc, Ann. Ch. Phys. p] lxvii. 68. ^-Prepared by treating 
gluoos@ with ll pt. ofstroUg sulphuric acid, mixing tlio materials by small quantities 
and in a cooled vessel. By saturating with carbonate of barium, and treating the 
filtrate with basic acetate of lead, a lead-salt is precipitated, containing (at 170°) 18*05 
per cent. C, 2*5 H, 55*15 PbO, and 4*5 SO*, agreeing appruximaWy ^witn the fortdttlu 
C a4 H 4 *P"b 4 S0 2T . — By decomposing this lead-*alt with sulpliydrie &tfd£ %iftphosaochifirio 
acid is obtained in the form of a liquid, which roddetfs litmus, and has a sweet and sour 
taste, like that of lemonade. It docs not precipitate barium-salts; in fact, nearly all 
its salts are soluble. It is very unstable, decomposes at ordinary temperatures in a 
vacuum, and quickly at the heat of the water-bath, into glucose and sulphuric 
acid . 

(ciron 

SUlPaOSAlZCTIZCACZD. C 7 H s SO« ~ C’HW.SO* « ($0)">0 4 .— This 

acid, discovered by Cahours (Ann. Ch. Phys. [3] xiii. 92), and moro fully examined 
by Mendius (Ann. Ch. Pliarni. eiii. 39 ; Jahrcsb. 1867, p. 319), is pnxluml by ex- 
posing perfectly dry salicylic acid (prepared from wintorgreen oil) to the vapour of 
sulphuric anhydride. The product dissolved in a small quantity of water is separated 
by filtration from unaltered salicylic acid ; the filtrate is saturated with. carbonate of 
barium; the resulting barium-salt, which separates partly as the filtrate cools, partly 
on evaporation, is decomposed by a slight excess of sulphuric acid; the filtered solution 
is partially saturated with carbonate of lead ; the land is precipitated by sulphydrio 
acid; the concentrated filtrate is left over oil of vitriol till it deposits snlphosalicylio 
acid in crystals ; and thesu aru freed from the viscid mol her-liquor by means of abso- 
lute alcohol. 

Sulphosalicylic acid crystallises in long thin needles, which are dissolved ill all 
proportions by miter, alcohol, and ether, and absorb moisture from the air. It is a 
very strong and permanent acid. Its solution dissolves zinc with evolution of hydro- 
gen, and is not decomposed by heating with nitric or hydrochloric acid, either dilute 
or concentrated ; by boiling with a mixture of the two, however, it is resolved into 
sulphuric and salicylic acids, the latier being further converted into pcrchloroquinono 
(chloranil), which separates in yellow flocks. Sulphosalicylic acid melts at 120°, and 
docorii looses at higher temperatures, giving off phenol and a sublimate of salicylic acid. 
(Mendius.) 

Ku Iphosali cy lutes. — Sulphosalicylic acid is dibasic, forming neutral acid and 
double salts. They arc all soluble in water (the lead and silver-sails, however, sparingly 
soluble), and nearly all are insoluble in alcohol and ether. With ferric salts, they pro- 
duce a deep violet coloration, inclining more to red than that produced by salicylic acid. 
They do not give off the whole of their crystallisation-water below 180° — 200*, and 
decompose at higher temperatures, with evolution of phenol ; tho acid salts also yield 
a sublimate of salicylic acid. 

The ammonium- salt is difficult to obtain pure, its solution turning brown and 
giving off ammonia when evaporated. 

Barium-salts. — The neutral salt, C 7 H 4 Ilu'’S0*.3II*0, prepared as above, is 
crystalline, easily soluble in hot, less easily in cold water.— Tho arid salt. 
C 1 4 1 1 1 # Ba"S*0 1 a . 4IPO, or C 7 I^ 4 Ba M SO - .C 7 H^SO* , . 411*0, crystallises in oblique, irregular, 
six-sided prisms. 

The calcium-salt , C 7 H 4 Ca' , SO # .IPO, forms hemispherical groups of silky 
needles. 

Copper-salts. — The neutralsah , C , Il 4 Cu"80 a (at 180°), obtained by decomposing 
the barium-salt with cupric sulphate, forms cauliflower-shaped masses of crystals, ex- 
tremely soluble in water. — A basic salt, C T H l Cu"SO l *. Cu"0.2H*0, is obtained asagreen 
crystalline powder by digesting the acid with recently precipitated cupric oxide and 
evaporating. 

The lead-salt , C T H 4 Pb"SO < , crystallises indistinctly in small round nodules. 

The magnesium-salt , C 7 H 4 Mg S0*.3H*0, crystallises in long irregularly cross- 
ing rectangular prisms, which become opaque in the air, and dissolve very easily in 
water. The solution, mixed with sal-ammoniac and ammonia, is not precipitated by 
phosphate of sodium till boiled. 

Potassium-salts. — The neutral salt , C’lPJPSO^IPO, is permanent in the air, 
very soluble in water, less soluble in alcohol, and may be crystallised from the latter. 
— The acid sail , C 7 lPK30*.2H J O, separates from a hot concentrated solution in 
spherical groups of needles. — Another acid salt , C^K^SCP.CWKO^.IPO, separates 
from’ a solution of the neutral salt mixed with a small quantity of free acid. — Poiassio- 
cupric and poiassio -plumbic sulphosalicylatcs have been obtained as uncrystallisable 
masses. 
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The B ealt, G , H < Ag*SO s .H*O l obtained by digesting recently precipitated 
silver-oxide aqueous acid, is sparingly soluble in cold, easily soluble in hot 

water.' "• "*?- § r ‘-^ . 

Sodium fa.^The neutral salt, C T H 4 Na 2 S0 a .3H*0, forms transparent, colour- 
lem: oblique, six prisms, which do not give off all their water till heated to 200° ; 
it uissolves easily in Water. — A sodio-potassic sail, C 7 H*KNaS0 # .4H 2 0, obtained by 
neutralising the acid potassium-salt with carbonate of sodium, crystallises in rectan- 
#plar prisms having a silky lustre. 

The zinc- salt, C 7 H*Zn*SO*.3H 2 0, resembles the magnesium-salt. 

Etkylio Sulp ho sal icy late, C 7 H 4 (C*H B ) 2 SO®, is formed by the action of ethylie 
iodide on argentic sulphosalicylate, and separates from alcoholic solution in soft, 
kneadable, silky crystals, which are perfectly neutral, melt at 56°, and distil unal- 
tered with water. (M e n d i u s.) 


- C*H fi CyS.H 2 S 


OSZHAPXfl or A11T&-BV&PBOCASBAMXO ACXD. C 4 H T NS a 

(CS)”>~ (Will, Ann. Ch. Pharm. lii. 30.) — This acid is not 
H ) 


known in the free state. Its salts may be regarded ns compounds of allylic sulpho- 
cyanate (oil of mustard) with metallic sulphydrates, and those which are soluble may 
be produced by the direct union of these constituents ; also by the action of allylic 
sulphocyanate on the alkaline solutions of the corresponding hydrates. Tho insoluble 
salts are formed by precipitation. 

The ammonium-salt , C 4 H 1# N 2 S* — (C 3 H 4 )CNS.(NH 4 )HS, formed as above by direct 
combination, solidifies to a magma of colourloss laminae; it is very unstable, decom- 
posing spontaneously at ordinary temperatures. 

The potassium-salt, C'lT'KNS* = ( C T 1 4 ) Cy S KIIS, separates by slow evaporation 
from an alcoholic or even an aqueous solution of potassic sulphydrate, to which 
mustard-oil is added as long as its odour is destroyed, in large rhombic plates ; by 
quicker evaporation in smaller crystals. It may also be prepared by slowly dropping 
oil of mustard into a concentrated solution of potash in absolute alcohol ; decanting 
the solution after soveral hours from the crystallised potassic carbonate, diluting it 
with Water, and ovaporating the pale-yellow filtrate to a syrup : this, when set aside, 
deposit* shining crystals of potassic sulphosinapate. Tho salt cannot, however, bo 
obtained quite pure. 

Tho crystals of potassic sulphosinapate are transparent and colourless so long as 
they remain in the liquid, but on exposure to the air they become opaque and yellow, 
lose thoir form, and become partly insoluble in water. The aqueous solution of the 
recently prepared salt may be heated without giving off the odour of mustard-oil ; but 
on mixing the heated solution with nitrate of silver, sulphide of silver is precipitated, 
and the odour of mustard-oil becomes perceptible. The dried salt, when heated, gives 
off mustard-oil, and yields a brown liver of sulphur. When decomposed by sulphuric 
acid, it yields a large quantity of sulphydric acid, but no sulphur. 

The sodium-salt , U 4 Il'*NaN3*.3H*0, is formed by direct combination, and separates 
in nacreous laminae, which are unctuous to the touch, and when heated, first melt, and 
then give off a large quantity of mustard-oil ; it cannot be kept w ithout decomposing. 

The barium-salt, C l H , *Ba , 'N*S 4 .4H 2 0 - 2C s H 4 OyS.Ba M H-S f .4lPO, is obtained: 

(1) by heating oil of mustard with a solution of barium-sulphydrate containing alcohol ; 

(2) by passing sulphydric acid gas through aqueous alcohol containing hydrate of 
barium and oil of mustard in suspension; (3) it is deposited from the mother- 
liquor of the alcoholic solution of tho compouud of allylic sulphocyanate and sulphide 
of barium (p. 619). It forms crystalline laminae resembling the sodium-salt and very 
soluble. 

The calcium-salt , as obtained by the second method of preparing the barium-salt, 
forms a slightly yellow transparent jelly, which decomposes m drying. 

The lead-salt , C l H 1, Pb' r N t S 4 , is obtained by adding neutral acetate of lead to a very 
dilute solution of the potassium-salt acidulated with acetic acid, as a white precipitate, 
which decomposes partially, even during washing and drying in a vacuum over oil of 
vitriol, and quickly at 100°, yielding oil of mustard, sulphide of lead, and free 
sulphur. 

When decomposed by sulphuric acid, it gives off abundance of sulphydric arid, 
without the slightest odour of mustard-oil. 

The soluble sulphosinapates yield with copper-salts a green precipitate, and with 
silver-salts a white precipitate, both of which quickly blacken and decompose, .even 
when immediately thrown on a filter and washed with cold water. 

SVlVBOflXltAfXStlt* The name given by Henry and Garot to sulphocyanate 
of unapiue. (See Sinapinu, p. 308.) 
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CH^SO* - C«H , OVSO*#r 

. ./■ $; ;jSK 

(Fehling, Ann. Ch. Phanm zxzviii. 285; xlix. 208.) — Produced by 
succinic acid to the vapour of sulphuric anhydride in a vessel externally cool* 
heating the resulting viscous mass to 40° or 50° for several hours. The product^ 
dissolved in water, the solution saturated with carbonate of lead, the lead -salt 
decomposed by sulphydrie acid, and the filtered solution evaporated in a vacuum ove% 
oil of vitriol. 

Sulphosuccinic acid thus obtained forms mammellated crystals, very soluble in 
water, alcohol, and other ; it has a very sour taste, and decomposes quickly when 
heated, leaving an abundant carbonuceouB residuo. Tho crystals absorb moisture 
from the air ; their aqueous solution iB partially decomposed by evaporation over the 
water-bath. 


Sulphosuccinates. — The acid is tribasie, the neutral sulphosuccinatcs of mona- 
tomic metals having the composition CMl 8 M 3 SO% The acid saturates bases com- 
pletely, and even decomposes acetates. 

The neutral ammonium-salt, C 4 ll*(NII 4 ) 3 SO T .H 3 O f is obtained l y placing a strong 
solution of the acid, together with aqueous ammonia, under a bell-jar, in tho form of a 
syrup, which ultimately becomes fillod with needles having an acia reaction. 

Potassium-salts. — The neutral or trijiotassic salt, 2U , ll , K s SO T .3ll*O l is obtained by- 
saturating the acid with potussie carbonate and evaporating in a vacuum, as a syrup 
containing a few deliquescent crystals; but on adding a small quantity of acid to tho 
liquid, it quickly solidifies to a crystalline pulp. The salt is insoluble in absolute 
alcohol. It gives off a third of its water in a vacuum, the rest when heated. — Tho 
dijxttassie salt, C 4 1I 4 K*S0 7 .2H 7 0» obtained by adding sulphosuccinic acid to the 
neutral salt, is Very soluble in water, and has an acid reaction. 

The neutral scslinm-salt, obtained by decomposing the barium-salt with sulphato of 
sodium, is also very soluble in water. 

The neutral barium salt, C f II*Ba l »S , 0 14 (at 100°), is a white precipitate, obtained by 
precipitating tho neutral potassium-salt with barium-chloride ; it is very soluble in 
nitric or hydrochloric acid ; dissolves also in sulphosuccinic acid, the solution, when 
left in a vacuum, depositing crystals which appear to consiBt of an acid salt.. 

An arid caleium-saft , C 4 ll 4 Ca"SO T (at 100°), is obtained by dissolving calcic carbonato 
in sulphosuccinic acid and evaporating to dryness. 

Tho magnesium-salt is nnerystallisablo. The bulphosueeinntes of manganese, iron , 
cobalt, nickel, and copper appear to bo soluble, inasmuch as the potassium- salt docs 
not precipitate the solutions of these metals. 

The neutral lead-salt , CWPb’SO'baiPO, is a white precipitate, obtained by adding 

acetate of lead to an alkaline Bulphosucdnate. A basic salt, C 8 J L 0 Pb*S 5 0 M .Pb"0 (at 
100°), is formed by treating the neutral s'llt with ammonia. 

The silver-salt is a white precipitate, which decomposes completely during washing, 
acquiring a deep-green colour. 

BtnPBOBtniPHAMTLZO ACX2>. Syn. with Auylsulfuubous Acid. (See 
Sulphurous Ethers.) 

BVLPHOBTABIVATXB and BTTX.PH08TAHYXT2iS. See Tin, Sulphides op. 


BVLVBOTIL&BBATBi and BVYBOTBUmTBI. See Tellurium, 
Sulphides of. 


nous Ethers.) 


ACID. Syn. with Thymylsulphurous Acid. 


BULVBOTOLVOLAMZDl or BtrLPHOBBVZTXdLBCXBB. C'H'NSO 7 .-— 
This compound, homologous with sulphophenylamide, and prepared by a similar process 
(p. 528), crystallises from hot water in needles or in lamm*. When heated with 
pentachloride of phosphorus, it is converted into a thick oil, which is decomposed by 
water, with reproduction of the amide ; when distilled with the pentachloride, it gives 
off a liquid which partly dissolves in water, the solution also yielding crystals of 
sulphotoluolamide. (Fittig, Ann. Ch. Fbarm. cvi. 277.) 

8XTLfHOTOX.imXO CEIOXIB& C 7 ITS0 7 C1. Syn. with BRNrrLsrLPHtraoFs 
Chloride. (See Sulphurous Ethers.) 


BVAriomfiAiizG or BBvxnmviABno Aen. CnOTTSO* 
(&D*)* jg (E. Sell, Ann. Ch. Pharm. .caorri. 153; Chem. Soc.Qu. J. [2] i. 188,)— 



^ 1 mixing 9 pts. filming sulphuric acid with 6 pts, finely divided 

tohridine and gently heating the syrupy mass till it gives off abundance 

at sulphurous anfiydride. The solution is mixed with cold water, decolorised by 
boiling with animal charcoal, and evaporated till it assumes a reddish-yellow colour ; 
the acM then separates in Tight-yellow needles, which may be purified by recrystal- 
lisatiogi from svater. The first motfter-liqnor yields thomboidal crystals, probably of 
benzyldisnlphamic acid (p. 480). 

^ The sulphottflylamates or benzylsulphamates are mostly very soluble in 
water ; the barium -salt crystallises in groups of laminae ; the -silver-salt, C 7 H 8 AgNSO s , 
in white laming which turn groy when exposed to light. 

aVUIOTUTBOSPHAMIBB. N*PH“S = | N*. (H. Schiff, Ann. 

Ch. Pharm. ci. 299.) — This compound appears to be formed by the action of ammonia- 
gas on phosphoric sulphochloride : 

PSC1 S + 3NH* - 3HC1 + N*PSH a . 

The white mass formed by the reaction is decomposed slowly by 'cold, immediately by 
warm water, with evolution of sulphydric acid. Alcohol extracts Bal-ammoniac from 
it, and at the same time decomposes the other body contained in it, which is probably 
sulphotriphosphamido. 

(psr } 

Triphenyl-sulphotriphosphamide , (C fl II 5 ) 8 VN 3 , appears to bo contained, together 

H a ) 

with hydrochlorato of aniline, in the white mass produced by the action of phosphoric 
sulphochloride on aniline. (Schiff.) 

SULPHOVANALATEB and SULPHOVANABITES. Seo Vanadium, Sul- 
phides OF. 

SV&VKOVXia’XC ACID. Syn. with Etiiyi.sulphuric Acid. (Sco Sulphuric 
Ethers.) 

STJLPHOVIRIDIC ACID. See Indigosulphukic Acids (iii. 262). 

gJJpJoaLASfmJEL** 1 " I ® ee ^ YANoaKN > Sulphydrates of (ii. 285). 

8VLPHOXYBBVZOIC ACID. C 7 H a SO a = C 7 II a O s .SO s . (Griess, Zeitschr. 
Ch. Pharm. 1864, p. 638.) — This acid, isomeric with sulphosalicylic acid, is produced 
by dissolving sulpliato-diazobonzoic acid * in warm concentrated sulphuric acid ; 

C 7 H 4 N 2 0 2 .SH a 0 4 = C 7 lI a 0 3 .S0* + N a . 

It crystallises out when the evolution of gas 1ms ceased, and is obtained by recrystal- 
lisation from water, in white lamina?, soluble in alcohol. It is dibasic, like sulphosa- 
licylic acid. Tho neutral barium-salt, G 7 H 4 Ba ,, SO fl , crystallises in sparingly soluble 
prisms. By strong nitric acid, it is resolved into sulphuric and tritro-oxybenzoic 
acids. 

The narao sulphoxybeiucoic acid was formerly applied by Griess (Jahresh. 
1861, p. 418) to the compound C^IPSO*, produced by tho action of sulphydric acid on 
the platinum-salt of chlorhydrato-diazobenzoic acid (iv. 294). 

8VLPBVR. Atomic Weight, 3 2 ; Symbol^ S. Vapour -density 32, referred to 
hydrogen, or 2 21 8, roferred to air as unity. 

Sulphur (set/, iriip), or brimstone {brenne-stone), hns been known from the earliest 
times. It occurs nutive, either in the form of transparent amber-coloured crystals 
(virgin sulyhur ), or in opaque, lemon-yellow, crystalline masses {volcanic sulphur). 
It is found principally in Sicily, in beds of a blue clay formation, considered to be 
more rocent than the chalk. The sulphur is imbedded in a matrix of rock-salt, 
gypsum, and celostine. Similar beds containing sulphur , exist in other parts of Europe 
ana in Mexico. It is also found occasionally in primitive rocks, granite, mica, &c. 
It abounds in the lava- fissures of volcanic craters, as instanced especially in Ihe case 
of the Solfatara near Naples ( Forum Vidcani ), and in the volcano of Popocatepetl in 
Mexico. Sulphur also occurs native in combination with diffident metals, forming 
metallic sulphides, of which the principal are blende, iron -pyrites, copper-pyrites, 
galena, cinnabar, grey antimony, and realgar. Sulphydric acid occurs in hepatic 
mineral waters, ana among the products of animal decomposition. Sulphurous acid 


* Obtained In needle-fhawsd crystal* by dts*oUin«r nifrato-diatobensoic acid (It. 2SM) In wlplutrlc 
told diluted with an equal bulk of water, then adding 3 role, alcohol and afterwards ether. When 

healed komewhat above 100°, it l* reeohred into milphnne acid, aulphoxybenaoictoid,ar.d a terjperinx* 
bent sulpho- ecld, C*«H w SO*, which )* Insoluble in water. (Ur lea*.) ’ 
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is a frequent constituent of volcanic emanations, and free sul phmii ^ aeaidTBigfedtefeig^ 
found in the waters of volcanic neighbourhoods. Gypsum, c mleaflE mh 
constitute well-known minerals; and, in addition to gypsum, the sulphates of magne- 
sium and sodium are very common ingredients of mineral waters. Sulphur agis ts in 
the protein-compounds of animal and vegetable grganiems, in the tuurine of 1>ile 1 in 
the cystin of urine, and in the alliaceous volatile oils. a . , 

Extraction . — 1. Native sulphur is sometimes purified by a rough process of fusion, 
effected on the spot where it is obtained. A hoap is set fire to, whereby the heatup 
evolved from the burning of one portion fusos the remainder. It is more usual, ho»N 
ever, to purify it by distillation in upright earthen pots or retorts, set back to back, 
in two rows, in a long brick furnace. The distillate is received in somewhat similar 
pots, arranged in two rows outside the furnace, and furnished each with an opening 
near its base, through which the sulphur condensed within the pot, flows into a pail 
of water, in which it congeals. The sulphur thus purifiod by fusion or distillation is 
known as rough sulphur,- and contains about 3 per cent, of foreign matter. It is 
further purified by redisf illation in an iron still. The vapours are sometimes received 
in a largo brick chamber, within which the sulphur condenses in a pulverulent state 
to constitute flowers of sulphur, or sublimed sulphur; or it is condensed in the 
liquid state in a smaller and hotter receiver, and is either cast into sticks, when it con- 
stitutes roll-sulphur, or is allowed to congeal in mass, when it constitutes refined 
lump'Sulphur. 

2. From Pyrites . — Sulphur may he obtained by heating disulphide of iron in close 
vessels, precisely as oxygen is obtained by heating dioxide of manganese under similar 
conditions : 

3FeS* - Fe\S« + S\ 

Manufactured sulphur is made principally from copper- pyrites, a double sulphide of 
copper and iron, ns a preliminary stage in the process of copper-smelting. Upon a 
layer of broken pyrites is placed a layer of brushwood, and on this is constructed & 
huge pyramidal pile of ore, having a central wooden chimney communicating with 
air- passage s left among the brushwood. The whole pile* is covered with powdered 
ore, and the mass set fire to by dropping lighted faggots through the chimney. 
As the slow combustion of the pile proceeds, sulphur gradually trieklos down, and is 
collected in cavities made extempore in the walla of the heap, whence it is ladled out 
into moulds. Such a heap, consisting of some 2,000 tons of ore, will continue burning 
for five or six months, and will yield about 20 tons of rough sulphur, which may bo 
purified by fusion or distillation. Copper- pyrites is sometimes rousted for the extrac- 
tion of sulphur in a tall-domed furnace, from the summit of which a horizontal flue 
conveys the sulphur- vapours into a chamber, within which they aro condensed. The 
sulphur obtained from pyrites is partly expelled by heat, partly displaced by oxygen. 

3. Sulphur is also prepared in this country from the decomposition, by exposure to 
air, of the hydrated sulphide of iron , resulting from the purification of crude coal-gas 
with ferric oxide or hydrate : 

2FeS + H’O ♦ O* - 2IIFe"'O a + S a . 

The hydrate of iron produced in the above reaction is attain used to purify the crude 
gas, whereby it becomes converted into sulphide, and this sulphide is then reconverted 
into oxide and sulphur by exposure to air as before. These alternate processes are 
repeated an indefinite number of times, until the amount of sulphur in the material 
roaches from 40 to 50 per cent., when it is distilled off in iron retorts. 

4. From Alkali-waste. — Alkali-makers* waste, or tank-waste, consists of sulphide of 
calcium, together with alkaline sulphides, chalk, lime, &c. (p. 324). This, when 
decomposed by hydrochloric or carbonic acid, yields a mixture of sulphydric acid and 
carbonic anhydride ; and by introducing an additional quantity of carbonic anhydride, 
with some atmospheric air or sulphurous anhydride, and heating this mixture of gases 
to redness, the hydrogen of the sulphydric acid unites with oxygen, forming water, 
and the sulphur is liberated in the form of un combined sulphur-vapour, which by 
cooling becomes condensed to liquid *and solid sulphur. (For details of this and the. 
other methods of preparing sulphur, see Richardson and Watts's Chemical 
Technology , vol. i. part lii. pp. 1-27.) 

6. Sulphur results from a great number of other reactions, which, however, are not 
usually employed for its commercial preparation. Thus it may be obtained by decom- 
posing an alkaline polysgiphide with an acid ; by the decomposition of the chlorides 
of sulphur with water ; by the spontaneous decomposition of hyposulphurons acid; by 
the ignition of the tri-, tefcra-, and peuta-thionates, &c. 

Properties.— At ordinary temperatures sulphur is a very brittle solid, of a lemon-yd- 
low colour, tasteless from its insolubility in water, and almost inodorous. It is a had 
conductor of heat, and a non-conductor of electricity. By friction with wool or hair, it 
You V. MM 
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fijii m uijlil 1 1 1 ily 1 1 m f i ii Its specific gravity in the native crystalline state is 2 05, 
It begins to melt & 114-5°, and at 120° is converted into a perfectly limpid, pde- 
vellow liquid, which is lighter than solid sulphur. Provided the temperature of 120° 
has not been much exceeded, it resolidifies suddenly at that same temperature into a 
transparent mass, which retains its transparency for a long time. By heating sulphur 
to a temperature much above 120°, its congeal ing-point is lowered to 11 1*5°, from the 
production of a peculiar modification of the element. Sulphur which has been con- 
gealed at this low temperaturo is at first transparent, but becomes opaque much more 
rapidly than that which has been congealed at 120°. As melted sulphur is gradually 
heated above 120°, it becomes darker and more viscid, until, at the temperature 
of 200 — 260°, it is so thick that the flask in which it is contained may be inverted 
without any outflow taking place. The temperature of maximum viscidity remains 
constant for some time, owing to a considerable absorption of latent heat. At from 
250—300° and upwards, the sulphur again liquefies, but does not becomo so fluid as 
at 116 — 120° when first molted. On cooling it passes invorsely through the same 
changes of state. Sulphur boils at 440°, and is converted entirely into an orange- 
coloured vapour. According to Uinoau, whose statement has recently been confirmed 
by Devillo and Troost, the density of sulphur-' vapour, when taken at the temperature 
of 1000°, is 32 times as great as that of hydrogen at the same temperature; but its 
density taken at about 600° is anomalous, being three times as great as it should be 
theoretically. Sulphur vaporises to a slight extent at ordinary temperatures; so that 
a piece of silvor-loaf, suspended at some distance above a stick of sulphur, becomes 
slowly transformed into sulphide of silver. 

Hul ph u r is remarkable for the great number of allot ropic forms in which it cun 
exist. Of these, however, there are two principal Well-characterised varieties, namely, 
the soluble and insoluble, and many minor modifications. Bert helot distinguishes tbo 
soluble variety by the name of electro- negative sulphur, because it is the form 
which appears at the positive polo of the battery during the electrolysis of sulphydric 
acid, and is separated from the combinations of sulphur with the electro-positive metals. 


Fig. 782. Fig . 783. 
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Fig. 784. 



The insoluble variety he distinguishes as electro-positive sulphur, because it is 
the form which appears at the negative polo during the electrolysis of sulphurous acid, 
and separates from the compounds of sulphur with the electro-negative elements, 
chlorine, bromine, oxygen, &c. .The following ore the most important modifications of 
soluble sulphur;— 

, 1. The octaJttdral variety, frequently represented bv the symbol So, which is the most 
stable, and the one into which all the other varieties, soluble or insoluble, tend to 
change. It is the fbrm in which native sulphur is found, and in which the crystals of 
Sulphur, obtained by the spontaneous evaporation of its solution in carbonic disulphide, 
are usually deposited. Its sped fie gravity is 2*05, and its melting-point, according to 
Brodic, 114’fl 0 . It is readily soluble in carbonic disulphide, disulphide of chlorine, 
benzene, turpentine, petroleum, &e. ; slightly soluble in alcohol and ether. Its 
crystalline form is that of an elongated octahedron, belonging to the trimetric or right 
prismatic system {Jig. 782), with tho modifications shown in figs. 783, 784. Axes, 
a : b : o « 0’8106 : 1 : P8D8. Angle. P : P (brach.) « 100° 18'; P : P (macr.) 
- 84 ° 68’; P : P (basal) - 143° 17 '; : P« (basal) - 124° 24’. Cleavage im- 
perfect parallel to P and gcP. 
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2. The fwmocNnuf or cbliqus prismatic variety, often represented by the njjfel Sft, 
may be obtained by the slow cooling of melted sulphur, or* by boating octahedral 
sulphur for some time to a temperature of 105 — 115°. If, when a few pounds of 
melted sulphur have been allowed to cool slowly, until a crust huB formed on the snc* 
face, that superficial crust be broken, and tho still liquid sulphur be poured out frbm 
the interior, the solidified walls will be seen to bo lined with transparent yellowish- 
brown needles, crystallised in secondary forms of a monoclinic prism. Axes, a \ b : c 
— 1*004 : 1 : 1*004. Angle A : c — 84° 14*; ooP : ocP (orthod.) 80° 28'; [Pool : 
|PooJ (clin.) ** 90^ 18'; oP : oeP = 85 J 54'. Ordinary combination ooP . oP (fixe 
Jiff, 284, ii. 152), with — P, [Poo ] and oopao . Twins occur combined by the face 

« Poo. The specific gravity of prismatic sulphur is 1*98. According to Brodie, when 
free from plastic sulphur, the presence of which lowers its melting-point to 111*5°, 
it melts and resolidifies at 120°. It dissolves readily in carbonic disulphide and 
other menstrua. In the course of a few days, this prismatic form of sulphur 
becomes spontaneously ton verted into the octahedral variety, the conversion being 
attended with a development of heat, which is most evident when the change 
is effected artificially by scratching the crystals. Opaque yellow spots first make 
their appearance, and then gradually spread throughout tho mass. The crystals 
retain their prismatic shape, hut on examination are found to bo converted into 
aggregations of minute octahedrons. Conversely, a transparent crystal of octahe- 
dral sulphur, when halted to 105 — 115°, becomes transformed into an opaque mass of 
oblique prismatic crystals. When a saturated solution of sulphur in hot turpentine is 
allowed to cool, the crystals first deposited arc of the prismatic, those last deposited 
(when the liquid has become comparatively cool) of the octahedral variety. Occasion- 
ally a few transparent, oblique prismatic crystals arc deposited from the solution 
of sulphur in carbonic disulphide, but they soon break up into opaque aggregations 
of minute ootahodrons. Roll-sulphur when first cast is of the oblique prismatic, but 
by keeping it changes into tho octahedral variety. Its molecular condition, however, 
is unstable, like that of un annealed glass, whence it retains for a long time tho 
specific gravity of the prismatic modification. 

3. Tho amorphous soluble variety of sulphur is precipitated, in tho form of white 
rmulbin, on addition of acids to diluted solutions of alkaline polysulphides: 

KW + 2HC1 - 2KC1 + IPS + S'. 

When examined microscopical ly, it is found to consist of minute granules devoid of 
crystalline character. It is readily soluble in carbonic disulphide and other men- 
strua. This form of sulphur has a greenish-white colour, and is known familiarly by 
the name of “ milk of sulphur.” By keeping, it becomes gradually converted into octa- 
hedral crystals. Sublimed sulphur appears to be allied to this form. It consists of much 
larger granules, neither the surfaeo nor the fracture of which is crystalline. Sublimed 
sulphur always contains a minute proportion of one of the insoluble modi Heat intis of 
tin* element. Vapour of sulphur, when suddenly cooled by contact with a cold surface, 
condenses in the form of utricles, or of liquid drops surrounded by solid pellicles. These 
often retain their liquidity for a considerable time, but, wdien solidified, seem to him* 
the sumo character as the granules of sublimed sulphur. By keeping they become 
crystalline in the octahedral form. 

The principal modifications of insoluble sulplnir are the following: — 1. The 
amorphous insoluble variety, the most stable form of which is obtained ns a soft magma, 
by decomposing disulphide of chlorine with water: 

2S*C1* -i- 3 IPO « 4IIC1 + IPS’O 1 + 8\ 

The hyposulphurous acid produced in the reaction is gradually decomposed into 
sulphurous acid and sulphur, thus : 1PS Z 0* — IPSO* + 8. Tho sulphur, resulting 
in this way from the spontaneous decomposition of hyp^sulphuroris acid, has the same 
characters as those formed by the original decomposition of the disulphide of chlorine. 
It may bo obtained at once by adding dilute hydrochloric add to the solution of a 
hyposulphite. If, in preparing amorphous soluble sulphur by adding an acid to tho 
solution of an ordinary alkaline polysulphide containing some hyposulphite, any 
excess of acid be added, some of this insoluble variety will also be preci pi fated. The 
above form of sulphur has a yellow colour, is insoluble in carbonic disulphide or 
other menstruum, and is quite amorphous. Closely allied to it are the amorphous 
insoluble sulphur obtained by exhausting sublimed sulphur with carbonic disulphide 
and alcohol, and that obtained by exhausting reconverted plastic sulphur with carbonic 
disulphide. This last is a buff-coloured powder, slightly soluble in anhydrous alcohol. 
It* specific gravity is 1*95. These varieties are convertible info octahedral sulphur by 
fusion, or by exposure, for a greater or lees length of time, to the temperature of 100°, 

2. Plastic sulphur, frequently represented by the symbol 8y t is obtained by heating 
melted' sulphur to the temperature 260 — 300°, and then cooling it suddenly by pouring 

If M 2 
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it Wififery thin stream into cold water. It is thus obtained as a soft, yellowish - 
brown, semitransparent mass, .Capable of being drawn out into fine elastic threads 
possessed of considerable fiflftacity. This sulphur has a specific gravity 1*116, ^jmd is 
insoluble in carbonic disulphide. When sulphur heated to 300° is suddenly cooled 
W a* mixture of solid carbonic anhydrido and ether, it solidifies into a hard perfectly 
transparent mass, which becomes soft and elastic at ordinary temperatures. This 
appears to be the solid state of plastic sulphur. Another form of plastic sulphur may 
be obtained by acting upon metallic sulphides with boiling nitric or nitromuri&tic acid. 
Ordinary plastic sulphur gradually returns in the course of a few hours to its brittle 
state, reacquires its yellow colour, and becomes converted almost entirely into the 
octahedral variety, the conversion boing accompanied by evolution of heat. If 
plastic sulphur be heated to 100°, the change takes place suddenly, and the tempera- 
ture rises to 110°. According to Brodie, sulphur begins to pass into the plastic state 
at a temperature very lit tlo above 120°; and the gradual loss of transparency in 
crystallised prismatic sulphur depends upon the hardening of plastic sulphur enclosed 
mechanically between the crystals. Sulphur which has been converted from the 
plastic into the brittle state does not dissolve entirely in carbonic disulphide, but, as 
before observed, leavos a buff-coloured residue of insoluble sulphur, the proportion of 
which may, it is said, be increased by frequently causing the same sulphur to assume 
alternately the plastic and tlio brittle state. 

The black and red modifications of sulphur, described by Magnus to result, the 
former from exhausting, with carbonic disulphide, the mass produced by the frequent 
alternate strong heating and sudden cooling of sulphur, and the latter from heating 
the black modification to a temperature of 130 — 150°, are considered by Mitscherlich 
to depend upon the presence of greasy impurities in the sulphur. When solutions of 
Bulphydric acid and ferric chloride are mixed together, a blue precipitate is sometimes 
formed, which is said to be a peculiar allotropic form of sulphur. 

Sulphur may bo made to combine diroejly with the great majority of the elements. 
Hydrogen-gas and sulphur-vapour burn in one another, though not very readily, to 
form sulphydric acid, H 2 .S. When molted sulphur is treated with chlorine-gas, disul- 
phide of chlorine, Cl 2 3‘ 2 , is produced, and similar reactions take place with bromine 
and iodine. Sulphur is highly inflammable, and when heated in air or oxygen to a 
temperature of 250°, takes firo, and burns with a clear blue, feebly luminous flame, 
being converted into sulphurous oxide, SO 2 . Carbonic disulphide, CS*, results 
from passing sulphur-Yapour over rod-hot charcoal. Sulphur also unites directly with 
phosphorus, arsenic, silicon, and boron. Nearly all the metals combine directly with 
sulphur, either at ordinary or increased temperatures. Zinc, iron, copper, lead, silver, 
tin, &c., burn in sulphur-vapour with great brilliancy, the combustion, save of tho 
zinc and iron, commencing spontaneously, provided the metal is in a sufficiently divided 
state. Moreover, mixtures of sulphur, wator, and finely-divided metal— iron or copper, 
for instance — begin to react at ordinary temperatures, evolve a considerable amount 
of heat, and yield hydrated protosulphido. Sulphur, when acted on by strong nitric 
or nitromuriatic acid, at a gentle heat, is gradually dissolved, with production of sul- 
phuric acid, H*S0*. Caustic alkalis also dissolve sulphur readily, with formation of 
metallic sulphydrate and hyposulphite, thus: 

4KHO + S« - 2KHS + H*0 + K*S*0*. 

The two atoms of sulphydrate thus produced are capable of dissolving four additional 
atoms of sulphur to form a metallic pentasulphido and sulphydric acid : 2KJLS + S 4 
- K«S* + H*S. 

Sulphur in its chemical relations is the representative of oxygen, to which it is 
equivalent, atom to atom. The two elements, though very dissimilar in their ordinary 
physical characters, correspond very closely in the nature of tho compounds which 
they form, and in the properties they exhibit when both are in the gaseous stute. 
Although sulphur rarely, if ever, displaces oxygen by direct o’omentary substitution, 
yet the two elements are mutually interchangeable by double decomposition of their 
respective compounds; and in the great majority of instances where oxygen-com- 
pounds are obtainable by addition of oxygen, analogous sulphur-compounds are 
obtainable by the addition of sulphur. Thus, when cyanide of potassium, KCN, is 
treated with peroxides, we obtain oxy connate of potassium, KCNO ; and by treating it 
with sulphur, or persulphides, wo obtain eulphocyanate of potassium, KCNS. Again, 
oxygen-gas and sulphur-vapour alike support the combustion of hydrogen, charcoal, 
phosphorus, and the metals, to form precisely analogous compounds. The following are 
a few illustrations of the number and variety of corresponding compounds to which 
oxygen and sulphur respectively give origin : 

KHO, CO*, C*H*0, Cl*PO, K*PO\ Sb*OS* K^nO*. &e. 

KIIS, CS* C*H*S, C1*PS, K*rO*S, Sb’S*. K*SnS», &c. 
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An atom of sulphur, being the equivalent of an atom of oxygen, is nece^|(l|^tho 
equivalent of two atoms of hydrogen or chlorine. Thun "the chloride and sulplfe of 
triothyfahosphine, Kt*PCl* and Et*PS respectively, made Jgy acting upon trietkylphos* 
phine, Kt*P, by chlorine and sulphur, respectively, are the strict representatives of one 
another, and so in other instances. Certain sulphur-comfknmdfci, moreover, manifest a 
great resemblance to those of carbon. (0 dli ng’s Manual of Chemistry.) 

SULTBUBt BXOMIBBS OS** Sulphur dissolves in bromine at ordinary tem- 
peratures without perceptible evolution of heat, and forma a brown-reel liquid, contain- 
ing, according to Lowig, the compound Br'-S a , which is decomposed by distillation, half 
of the sulphur being separated, and the compound J3r*S distilling over. Neither of theso 
compounds has, however, been obtained in definite form, as they appear to be capable 
of dissolving both sulphur and bromine — the Latter, indeed, in all proportions. The 
brown-red solution of sulphur in bromine smells like disulphide of chlorine, and reacts 
in a similar manner with water, nitric acid, ammonia, &c. (Gin. ii. 283.) 

BV&PBVBi OS&OXXBBB OF, or BUXFH»8B OF OBX.ORZBTB. Sul- 
phur and chlorine unite directly even at ordinary temperatures, more quickly, however, 
when sulphur is sublimed in an atmosphere of chlorine. Only one compound of tlieBe 
elements has boen obtained pure in the free state — viz. tho disulphide of chlorine, 
CDS 2 , analogous to disulphide of hydrogen. — A protosulphide of chlorine, Cl*S t 
analogous to sulphydric acid, is usually described as produced by treating tho 
disulphide with excess of chlorine ; but, according to tho recent experiments of Carius, 
it is merely a mixture of the disulphide with t ho heniisulphide of chlorine, or tetra- 
chloride of sulphur, CDS. This last-mentioned compound is not known in the free 
state, but exists, according to 11. Hose, in combination with several metallic 
chlorides. 

Disulphide of Chlorine, Cl ’S 2 . Protochloride of Sulphur. Hath- Chlorschwefcl. 
Ckfontckwefcl ini Minimum. — This compound was first described in 1804 by Thomson 
(Nicholson’s Journal, vi. 90), and by Bert helot (M6ni. d’ A reue.il, i. 161) — tho mu- 
tual action of chlorine and sulphur having been previously noticod by Kagemann, in 
1781 — and has been more particularly examined by H. Hose (Pogg. Ann. xxi. 431 ; 
xxiv. 303; xxvii. 107; xlii. 517. 642), Dumas (Ann. Ch. Phys. xlix. 204), 
March an d (J. pr. Chem. xxii. 507), Hointz (Ann. Ch. Pharm.c. 370), and Carius 
[ibid. evi. 291 ; ex. 209). 

Disulphido of chlorine is prepared by passing dry chlorine-gas into a retort in which 
sulphur is sublimed at a gentle heat. It then disLils over, and may be collected in & 
receiver surrounded by cold water, and freed from excess of Bulphur by rectification. 

* — It is also produced by distilling a mixture of 1 pt. sulphur with 9 pts. stannic 
chloride, or 8*5 pis. mercuric chloride. (Berzelius.) 

Disulphide of chlorine is a mobile reddish-yellow liquid, having a peculiar, penetra- 
ting, disagreeable odour, and fuming strongly in the air. Specific gravity -» 1*087. 
Boils at 139° (Marehand), at 136° (Chnvrier, Compt. rend. lxiv. 304). Vapouy- 
density, obs. =* 4*77 (Marehand) ; calc. ** 4*68. 

It dissolves in carbonic disulphide, alcohol, and ether, not however without decom- 
position in the two latter. It dissolves sulphur in large quantities, especially when 
heated. When saturated with sulphur at ordinary temperatures, it forms a clear 
yellow liquid of specific gravity 1*7, and containing altogether 66*7 per cent, sulphur. 
The solution of disulphide of chlorine with excess of sulphur in crude benzol, is used 
for vulcanising or sulphurising caoutchouc. 

Reactions. — l. With chlorine, bromine, and iodine. — When chlorine -gas is 
passed for sevoral days in the dark through disulphide of chlorine, a dark brown-red 
liquid is formed, from which (according to Davy, Dumas, and Marehand) a certain 
quantity of chlorine may be expelled by gentle ebullition, leaving the protosulphide of 
chlorine, CDS, which boils constantly at 64°. According to Carius, on the other 
hand, the boiling-point continually rises during the distillation, and dc>os not become 
constant till it has risen to 138°, at which temperature disulphide of chlorine jsuwesi 
over. The brown-red liquid is also converted into the redd i sli^yellow disulphide by 
passing a stream of dry air through it. At a certain stage of the distillation, ft dark 
brown-red liquid passes over, containing sulphur and chlorine in the proportion re- 
quired by the formula CDS; but it acts with motals and other bodies like a mixture 
of the compounds CDS 2 and 8CP. Hence Carius concludes that the so-called proto- 
sulphide of chlorine (or dichloride of sulphur) is not a definite compound, but a^ mix- 
ture, in atomic proportions, of the two compounds just mentioned : t'DH* + 8C1* . — 
3CD3. Carius has further shown that, by passing dry chlorine through the disulphide 
of chlorine at various temperatures, liquids arc produced, containing various pro- 
portions of sulphur and chlorine, both above and below those required by the formula 
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JlYlKi& 'iiot in any case exhibiting a constant boiling point. The result# are given 
the following table, together with the calculated percentages for the formul®, 6PCP, 
31*, and SCI 4 : 


Saturated at 


S*C1* 47*48 per cent. S ; 52*52 per cent, CL 


+ 20° 32*35 

+ 6° to +6-4° 31*47 
8C1* 31-13 
+ 0-4° to -f 1° . 30*00 
-l-5°„ -2-5° 29*61 
-6° „ -8° 27*98 

SCI 4 18-39 


67*80 

69*18 

68-87 


71*67 

81*61 


According to Chevri or also (Compt. rend. lxiv. 302), the liquids obtained by satu- 
rating disulphide of chlorine with chlorine, at various temperatures, do not exhibit any 
constant boiling-point. —Iodine and bromine likewise dissolve easily in the disulphide; 
but without forming any dollnito compounds, the resulting liquids beginning to boil at 
temperatures below 136° (the boiling-point of the disulphide of chlorine), but quickly 
attaining that temperature on distillation. 

2. With phosphorus. — When 2 at. phosphorus are gradually added to 3 at. di- 
sulphide of chlorine, chlorosulphide of phosphorus is formed, and 4 at. sulphur sepa- 
rated : 

3CFS* + P* - 2PSC1 3 + 8*. 


(Chevrier, Compt. rend, lxiii. 1003). If an excess of phosphorus is used, trichloride 
of phosphorus is also formed, together with a sulphide of phosphorus, as previously 
shown by Wdhler. (Ann. Ch. Phys. [3], xliv. 56.) 

3. With metals. — Disulphide of chlorine poured upon coarsely pulverised arsrjiic 
or antimony , becomes strongly heated and distils over; but by pouring the liquid back, 
and warming it, tlio sulphide of chlorine may be completely decomposed, trichloride of 
arsenic or antimony distilling over, and sulphide of arsenic or antimony remaining 
(Wohler, Ann. Ch. Phnrm. Ixxiii. 114). If the materials are mixed in the proportion 
of 2 at. arsonic or antimony to 3 at. disulphide of chlorine, the whole of the metal is 
converted into chloride, and tho whole of the sulphur is set free, crystallising partly in 
opaque needles, partly in shining octahedrons : 

8b* + 3C1*S* = 2SbCl* + S* 

(Chevrier, Compt. rend. lxiv. 302; Baudrimont, ibid. 368). The sulphides of 
arsenic and antimony are acted on by disulphide of chlorine almost as energetically as 
tho metals themselves, yielding similar products (Wbliler, Baudrimont) : 

Sb-'S* + 3 CPS 2 => 2SbCl* + S 9 . 

Tin flings act with great violence on disulphide of chlorine (Wohler), stannic 
ohloride distilling over, and gulphur remaining (Baudrimont); stannic sulphide 
nets but slowly, and only when heated. — Aluminium-foil gently heated with the aisul- 
pliido, decomposes it rapidly, a brown-red liquid distilling over and depositing white 
crystals, probably a compound of disulphide of chlorine with chloride of aluminium. 
— Mercury heated with disulphide of chlorine attacks it slowly, sulphur being depo- 
sited, and mercurous or mercuric chloride produced, according to the proportion of 
morcury present. — Sulphide of mercury acts in a similar manner, but Icsb strongly. — 
Iron reduced by hydrogen slowly decomposes disulphide of chlorine at the boiling neat 
of the latter, and is converted into ferric chloride. — Zinc, under similar circumstances, 
acts but very Blowly. — Magnesium and sodium do not exert the slightest action on 
disulphide of chlorine, even after prolonged boiling. In general metals and metallic 
sulphides are attacked by disulphide of chlorine, with greater facility in proportion as 
their chlorides aro more volatile. (Baudrimont.) 

4. With water. — Disulphide of chlorine dropped into water, sinks in the form of 
oily drops, end is slowly decomposed into hydrochloric acid, Bulphur, and hyposul- 
phurous acid, which lust is gradually resolved into sulphurous acid and fine sul- 
phur : 

201*8* + 3H*0 « 4HC1 + S* + H*S*0*, 

or H ! SO* + S. 

5. With alcohols. — Et hylic alcohol acts upon disulphide of chlorine at ordinary 
temperatures, with formation of hydrochloric acid, sulphurous acid, ethylic chloride, 
sulphurous chloride (chloride of thienyl), ethylic sulphite, generally also small quanti- 
ties of mercaptan, ethylsulphurous acid, and free sulphur: 

S*C1* + C 2 H 8 0 - SOC31* + C*H*& 
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and further: 

3SOC1* + 40*0*8 - 4HC1 + 2C*HKJ| + (C*H*)^30* + 8*. 

also: 

SOCl* +■ 2C*H*0 « HC1 + C*H*C1 + (C*H*)HSO*. 

With methyUc and amylic alcohols t the disulphide exhibits precisely similar reactions. 
(Carius.) 

6. With acids and salts . — Benzoate of sodium is decomposed by disulphide of 
chlorine, yielding sulphide aud chloride of benzene, sulphide and chloride of sodium, 
sulphurous chloride, sulphurous anhydride, and free sulphur : thus,— 

2S*C1* + 2(C 7 H 5 O.Na.O) « (C*H*0)*S + Na*S + 280CI* 

2(C f H‘0)Cl + 2NaCl + SO* + S*. 

With dry benzoic acid the reaction is similar, but. takes place chiefly in the manner 
shown by the second equation. — Acetates and other salts of monobasic acids yield 
similar products. Part of the metallic sulphide produced also reacts with the sul- 
phurous chloride, forming chlorido and sulphate, with separation of sulphur: thus, — 
6Na 2 S + 4 SO Cl* = 8NaCl + Na 2 S0 4 + S\ 

Sulphates heated with disulphide of chlorine yield metallic chloride, sulphuric 
chloride, sulphurous anhydride, and free sulphur (Carius): e.g . — 

as’ci 1 + o a - 2NnCi + so s ci* + so* + s*. 

Ail* ^ 

7. With sulphuric anhydride. — When vapour of sulphuric anhydride is passod 

into disulphide of chlorine contained in a vessel surrounded by a freezing mixture, u 
liquid compound is formed, consisting of SWHll* — S-CK6SO*. It is, however, very 
unstable, and decomposes as soon us it is removed from the freezing mixture, giving off 
sulphurous anhydride, and leaving the compound S‘0 S C1* ( — 6SO*). 

This last compound, which may be regarded aw S0 3 .S0 2 C1*’ (or, according to llorze- 
lius, as SCF.GSO*), is also produced by distilling disulphide of chlorine with Nordhuu- 
sen sulphuric acid. When purified by rectification, it forms an oily colourless liquid, 
of specific gravity 1*818 at 18°, boiling at 146°, and distilling without decomposition* 
With water it yields hydrochloric and sulphuric acids : 

S*'0*C1* + 3 IPO = 2HCI + 21PS0 4 . 

With dry ammonia-gas it yields neutral sulphamatcof ammonium. (II. Rose, Fogg. 
Ann. xliv. 291 ; xlvi. 1G7 ; lii. 09.) 

8. With ammonia, — Vajxmr of disulphide of chlorine unites with ammonia-gas, 
forming the compound 4NH“.S*CF, which may bo exposed to tho air for a long timo 
without suffering decomposition. It dissolves in absolute alcohol, but is decomposed 
by water, with precipitation of sulphur, and formation of chloride and hyposulphite 
of ammonium. (Martens, J. Cliim. m£d. xiii. 430.) 

9. With hydrocarbons. — Disulphide of chlorine unites directly with ethylene and 
amr/tene r forming the compounds C 4 Il , .CPS a and C , *II ; *.C1*S*. (Guthrie, i. 209; 
ii. 683.) 

Proloiulpblde of CUorine, or Proto chloride of Sulphur, ClfS. — This 
compound, as already observed (p. 633), does not appear to exist in the free state; but 
according to H. Rose (Pogg. Ann. xcii. 636), it forms, with trichloride of arsenic, tho 
compound 2AsCl*.Cl*S, which is a brown liquid, obtained by the action of dry chlorine 
on trisulphide of arsenic; and, according to Guthrie, it forms, with ethylene and 
amyl one, the compounds C*H 4 .C1*S and C 4 H'*JC1*S. 

Tetrachloride of Sulphur, SCI 4 .— This compound is not known in the sepa- 
rate state, but forms definite compounds with several metallic chlorides. The brown 
chloride of sulphur, formed by saturating disulphide of chlorine with chlorine, is, 
according to Carius, a mixture of S*CI* and SCI 4 in various proportions, according to 
the temperature at which the saturation is effected, and exhibits, with alcohols, acids, 
and salts, the reactions of the tetrachloride; thus with ethylio alcohol: 

SOI 4 + C*HH> - HOI + SOCl* + C*H*Cl; 
and SOCl* + CTO - HC1 + SO* ♦ C*II»C1; 

and similarly with metkylic and amylic alcohols.— The reactions of the tetrachloride 
with sodic benzoate and benzoic acid are represented, according to Carius, by tbs 
equations : 

SCI 4 + C r H*O.Na .O - C 7 H*O.Cl + NaCl + SOCl*, and 

SCI 4 + 2(C T H*O.H.O) - 2(0*0*0.01) + 2HC1 + 80*. 
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In t&e first case, however, the occurrence of the sulphurous chloride, SOC1*, is, lor the 
most part, masked by the formation of secondary products, as of sulphurous anhydride — 
thus: 

SOC1* + CTPO.Na.O - NaCl + C’H'OCl + SO*. 

Acetate of sodium is decomposed by tetrachloride of sulphur in the same manner as 
the benzoate, but the chloride of acetyl produced acts on another portion of the sodic 
benzoate, forming acetic anhydride. 

The compounds of tetrachloride of sulphur with metallic chlorides are obtained, for 
the most part, by passing chlorine-gas over the respective sulphides.— The aluminium- 
compound, 2A1C1*.SC1 4 , is produced by gently heating chloride of aluminium with 
disulphide of chlorine, and passing chlorine over the resulting dark-red mass at 
a somewhat higher temperature. A yellow oily liquid is thus obtained, which ulti- 
mately solidifies to a crystalline mass. It is decomposed by water, with great evolution 
of heat, yielding froo sulphur, alumina, hydrochloric, sulphuric, and hypos ulphurous 
acids (li. Weber, Pogg. Ann. civ. 421). — The antimony-compound, 2SbCl\3SCI 4 , 
obtained by heating grey sulphide of antimony in a stream of chlorine, is a white 
amorphous powder, which molts when heated, and is resolved into disulphide of 
chlorine, free chlorine, and trichloride of antimony. It is oxidised and dissolved by 
nitric acid, and absorbs ammonia in somewhat considerable quantity (H. Rose, Pogg. 
Ann. xlii. 532). — The tin-compound, SnCl 4 ,2SCl*, produced by the action of chlorine on 
stannic sulphide, forms fine large crystals, which fume Btrongly in the air ; may be 
fused and sublimed without decomposition ; are gradually dissolved by nitric acid, with 
fonnation of stannic oxide and sulphuric acid; form with water an acid liquid, 
milky from separated sulphur; and absorb ammonia-gas, with considerable evolution 
of heat, forming a yellow-brown mass which is decomposed by water (H. Rose, Pogg. 
Ann. xlii. 617). — A titanium-compound of uncertain composition, but apparently 
containing less than 2 at. SCI 4 to 1 at. TiCl 4 , is produced by mixing titanic chloride 
with brown chloride of sulphur, or by passing chlorine-gas over titanic sulphide. The 
first process yields it in largo yellow crystals; the second only as a crystallino mass. 
It deliquesces rapidly in contact, with the air, melts when heated, solidifies in the 
Ciystalline state on cooling, and sublimes without decomposition. (H. R o s e, ibid, 
p. 527.) 

BTObYHlTB, C TAW IBB OV, See Sulphocyanic Anhydride (p. 515). 

SVX.YHV31P DBTXCTION AND BSTXM’ATXOH’ OP. 1. Reactions.— 
The most important compounds in which sulphur occurs are the metallic sulphides, 
sulphates, sulphites and hyposulphites, and certain organic compounds. 

Most metallic sulphides are insoluble in water ; those of the alkali-metals and 
alkalino earth-metals, however, dissolve in water — tlie former undecomposed, the latter 
with partial decomposition (p. 483). The solutions give with lead-salts, &c., the 
reactions of sulphydric acid (i. 217 ; iii. 204). Sulphidos heated on charcoal in the 
oxidising blowpipe-flame give off all their sulphur as sulphurous anhydride, which may 
be detected by its odour ; or if the sulphide be heated in an inclined glass tube open at 
both ends, so that a current of air nmy pass over it, sulphurous anhydride will also be 
formed, aud may be detected by its odour, acid reaction, &c. (p. 540). On fusing a 
sulphide on charcoal with sodic carbonate or a mixture of that salt and borax, placing 
the piece of charcoal containing the fused mass on a plate of polished silver, ana 
moistening it, a black or brown stain of sulphide will be formed on the metal. 
Metallic sulphides, acted upon by strong nitric or nitromuriatic acid, are rapidly 
oxidised, forming metallic oxide or chloride, sulphuric acid, and usually some free 
sulphur, which melts into globules very difficult to oxidise. 

Metallic sulphates are, for the mbst part, easily soluble in water; the sulphates 
. of strontium, calcium, lead, and moreuroBum are but slightly soluble, and the barium- 
salt is almost insoluble in water, and likewise in hydrochloric and nitric acid. In 
soluble sulphates, therefore, sulphuric acid is easily detected by addition of chloride 
or nitrate of barium, which forms a precipitate insoluble in acids. In insoluble or 
sparingly soluble sulphates, the sulphuric acid is detected by boiling the salt with a 
concentrated solution of an alkaline carbonate, whereby An alkaline sulphate is formed, 
which dissolves in the water. Sulphates heated before the blowpipe on charcoal with 
sodic carbonate, yield sulphide of sodium, in which the sulphur may be detected in the 
manner above mentioned. (See Sulphates). 

The anlphites of the alkali- metals are soluble in water; the rest are insoluble 
or sparingly soluble, but dissolve in excess of sulphurous acid. Sulphites are easily 
detected by the characteristic odour of sulphurous anhydride, which they evolve when 
treated with hydrochloric or, better, with dilute sulphuric acid. Hyposulphites 
treated in the same way also give off sulphurous anhydride, but are distinguished. from 
sulphites by likewise yielding a deposit of sulphur. (See Sulfuub, Oxygen-acids of.) 
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According to W. F. Barrett (Phil. Mag. [4] xzz. 321), sulphur in the fr m state, 
and in certain states of combination, may be detected in solids, and in some liquids, by 
directing a flame of pure hydrogen upon a point of the surface, whereupon, if sulphur 
is present, even in very minute quantity, a deep blue luminous ring will bo formed 
round the heated point. This effect is produced with free sulphur, with all metallic 
sulphides, with sulphuric acid, and certain sulphates, especially alum (probably in 
consequence of reduction), but not with sulphate of sodium and certain others. By this 
method sulphur has been detected in atmospheric dust. 

2. Quantitative Estimation and Separation .— Sulphur is almost always esti- 
mated in the form of sulphuric acid. To determine the quantity of sulphur in a m e t a 1 1 i c 
sulphide, the compound is heated with nitric or nitromuriatic aria, or sometimes with 
a mixture of hydrochloric acid and potassic chlorate, till the metal is oxidised, and the 
Bulphur converted into sulphuric acid. The solution is then treated with chloride or 
nitrate of barium, and the precipitated sulphate of barium is collected on a filter, washed, 
dried, and ignited. Before adding the baryta-solution, however, the liquid must be con- 
siderably diluted with water, because the nitrate and chloride of barium are themselves 
insoluble in strong nitric and hydrochloric ucids. The liquid is then boiled, and after- 
wards left to stand till the precipitate has completely settled down ; after which the 
clear liquid is first passed through the filter, and then the precipitate thrown upon it ; 
if the precipitate bo poured upon the filter before it has settled down, it will be sure 
to run through. As the oxidation of the sulphur is very slow, the metal being com- 
pletely oxidised and dissolved long before it, and a portion of the sulphur separated in 
the free state, it is sometimes convenient to collect this portion on a small weighed 
filter, determine its amount by direct weighing, and afterwards estimate the dissolved 
portion as above. The nitric or nitromurintic acid used for the oxidation should bo 
strong, and the action aided by heat; otherwise, especially in treating the sulphide of 
manganese, tho lower sulphides of iron, and the sulphides of the alkali-metals, 
part of the sulphur may be driven off as sulphydric acid, and thereby lost. For the 
same reuson, on oxidising with chlorate of potassium and hydrochloric acid, the acid 
must not be poured at once on to the pulverised sulphide, but gradually added to the 
mixture of the sulphide with the chlorate of potassium. In applying these methods of 
oxidation to the sulphides of tho alkali-metals and alkaline earth-metals, part of tho 
sulphur is sure to escape as sulphydric acid, unless very particular precautions arc taken. 
The only sure method of guarding against this source of error is to place tho sulphide 
in a small test-tube enclosed in a capacious flask, pour fuming nitric acid upon it, and 
immediately close the vessel with a tight-fitting stopper. 

Another general method of analysing metallic sulphides is, to fuse them with 3 pts, 
of potassic or sodic ?iitrate, and about the same weight of sod ic carbonate , whereby the 
sulphur is converted into sulphuric acid, which unites with tho alkali, and the metals 
are converted into oxides. The fused mass is digested with water; tho filtered solu- 
tion neutralised with nitric acid; the sulphur precipitated therefrom as sulphate of 
barium ; and the residual oxides dissolved in hydrochloric or nitric acid. 

By the methods just described, tho metals are obtained in solution as nitrates or 
chlorides, and may be separated and estimated by the methods proper for each. ^ Cer- 
tain special cases may here be noticed. Native sulphide of lead (galena), if not 
mixed with other sulphidos, is best analysed by treating the finely pulverised mass 
with fuming nitric acid, whereby the lead-sulphide is completely converted into sul- 
phate, and weighing tho latter. If, however, other sulphides are present, it is best to 
fuse the mineral with saltpetre. The use of hydrochloric acid and chlorate of potas- 
sium is not advisable, because chloride of lead would be formed as well as sulphate. 
—Sulphide of bismuth must be oxidised with pure nitric acid, because the presence 
of hydrochloric acid interferes with the quantitative estimation of bismuth. — S u Jph i d e 
of silver must also be oxidised with pure nitric acid, and the silver first precipitated 
fmm the solution as chloride, then ^the sulphur from the filtrate as sulphate of 
barium. 

The analysis of fahl-ores, which contain sulphide of arsenic or antimony, or both, 
in combination with one or more of the sulphides of copper, silver, mercury, iron, and 
zinc, is generally effected by the following method. The finely powdered mineral^ is 
introduced into a double bulb-tube, one end of which is bent at a right-angle, care being 
taken that all the mineral is contained in the bulb which is farthest from the bent end. 
The straight end of the tube is then connected with an apparatus for the evolution of 
perfectly ary chlorine ; and the bent end is introduced air-tight into a receiver— -which 
may be a large U-fcubo — containing a mixture of dilute hydrochloric and tartaric acids ; 
a bent tube is connected with the other end of the U-tube, by which tho exc ®** 
chlorine is conducted into methylated spirit. The bulb-tube should not be attached to 
the chlorine apparatus, till all the atmospheric air has been driven out of the latter. 
A very slaw stream of chlorine is then passed through the tube, which decomposes the 
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fahl-ore, with considerable evolution of heat; and when the bulb containing tha mineral 
has cooled, it is gently heated in order to separate the volatile chlorides, which 
must be driven beyond the space between the two bulbs. Those elements which are 
volatilised as chlorides are sulphur, arsenic , antimony , mercury, part of the iron, 
land, if too strong a heat has been applied, some of the zinc) : those which remain 
in the bulb as non-volatile chlorides, are copper , silver , zinc, and the greater part of 
the iron . 

For the analysis of the volati le chlorides, the bulb-tube is divided between tho 
two bulbs, and .the portion containing the sublimate is covered with a wide tube, closed 
at one end, and moistened on the inside with water, in which position it is left for 21 
hours. The sublimate thus absorbs water gradually, and may then be dissolved out 
by water, without the evolution of heat tind probable loss which would ensue if this 
precaution were neglected. The tube being thoroughly rinsed out, the solution is 
added to the liquid in the receiver, any sulphur that separates is filtered off, and any 
antimony that separates is dissolved by heat. The acid solution is then saturated with 
sulphydrie acid, the washed precipitate digested with Bulphide of ammonium, and the 
undiasolved sulphide of mercury collected on a filter, dried at 100°, and weighed 
(Hg"S : Hg = 29 : 25). The sulphides of antimony and arsenic are precipitated 

from the sulphide of ammonium solution by dilute sulphuric acid, and the metals sepa- 
rated in the manner described under Arsenic ri. 368). Tho filtrato (containing tar- 
taric acid) is neutralised with ammonia; sulphiaoof ammonium added; the precipitated 
sulphide of iron filtered off, washed with water containing sulphydric acid, and dis- 
solved in hydrochloric acid; tho solution heated with nitric acid; and the iron pre- 
cipitated by ammonia. 

Tho bulb containing tho non-volatile chlorides is digested with dilute hydro- 
chloric acid, till only chloride of silver remains undissolved ; this is weighod as 
described at p. 298. From tho solution tho copper is precipitated by sulphydric 
acid ; and the iron and zinc are separated as described under Iron (iii. 386). 

The sulphur is best estimated, in a separate portion of the ore, by fusion with 
3 pts. chlorate of potassium and 3 pts. carbonate of sodium. 

This mod© of analysis is applicable to bournonito (sulphidos of antimony, lead, and 
copper), rod silver-ore (sulphides of antimony or arsenic and silver), and other 
minerals resembling falil-ores in composition. When lead is present, tho chlorides 
must be distilled at a very gentle boat, so that tho lead may remain with the non- 
volatile chlorides; and when these chlorides are treated with dilute hydrochloric acid, 
n large quantity of water must bo added, to insure the complete solution of the 
plumbic chloride. (Coningtoii’s Handbook qf Chemical Analysis, p. 218.) 

The sulphides of tboalkali-metals undalkaline earth-metals are sometimes 
analysed by decomposing them with hydrochloric acid, receiving the evolved sulphydric 
acid in a solution of acetate of load, oxidising tho precipitated sulphide of lead with 
fuming nitric acid, weighing the sulphate of lead thus produced, and thence calculat- 
ing the quantity of sulphur. In the sulphides of gold and platinum, from which the 
sulphur is completely expel lod by ignition, its amount may be determined by weighing 
the residual metal. 

From all non-metallic elements, except selenium and tellurium, sulphur may be 
separated in the same way as from tho metals, viz., by oxidation to Bulphuric acid, and 
precipitation as barium-sulphate. The methods of separating it from selenium and 
tellurium are given under Selenium (p. 225). 

The sulphur in organic compounds may likewise be estimated by oxidising the 
compound wjtli fuming nitric acid, and precipitating the resulting sulphuric acid with a 
baryta-solution (i. 247). Another method, given by W. J. Russell (Chem. Soc. Qu. J. 
vii. 212), is to burn the substance in a combustion-tube with oxide of mercury, car- 
bonate of sodium being added to take up tho sulphuric acid produced, and a small bent 
tube dipping under water fitted into the open end of the combustion-tube, so that any 
acid vapours that escape may be eohdonsod in the water. At the end of the combus- 
tion, this liquid is ocidulatrd with hydrochloric acid, the tube washed out with the 
acid solution, the liquid filtered, and the sulphuric acid precipitated by chloride of 
barium. . * 

The quantity of sulphuric acid in a soluble sulphate is estimated by precipitating 
the aqueous solution with chloride of barium. Some sulphates which are insoluble in 
water, may be dissolved in hydrochloric or nitric acid, and the baryta-solution then 
added. The sulphates of calcium, strontium, and lead may be decomposed by boiling 
with a solution of sodic carbonate, and the sulphuric acid precipit&tea by chloride of 
barium from the filtered solution previously acidulated with nitric or hydrochloric 
acid. Sulphate of barium may be analysed by fusing it in a pWinnm crucible with 
three times its weight of sodic carbonate; the fused mass digested in water; the fil- 
tered soda- solution acidulated ; and the sujtpluiric acid precipitated as above. 
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BulpbUTflii* and hypoaulphuroua acid may be estimated by oxidation with 
nitric acid, whereby they are converted into sulphuric acid ; or by Bunsen's iodometrio 
method (i. 265). 

3. Atomic Weight of Sulphur. — Berzelius in 1816 (Lehrbuch, v. 1187) t 
determined the atomic weight of sulphur from the quantity of plumbic sulphate 
(Pb"S0 4 ) produced by treating a known weight of pure lead with nitric and sulphuric 
acids. 100 pts. of lead yiolded from 146*380 to 146*458, or on the average, 146*419 
PbSO*: whence (for Pb » 207) S =* 32 18. Subsequently (1845), Berzelius ob- 
tained nearly the same result by determining the quantity of silver-sulphide produced 
by decomposing a known weight of tho chloride with dry snlphydric acid gas. In 
four experiments he found (for Ag * 108 and Cl — 35*46), S ■* 32*1. The 
samo number was found by Sv an berg and Struve (J. pr. Chem. xliv.)from a single 
experiment made in the same manner. Erdmann and Marc hand in 1844 (J. pr. 
Chem. xxxi. 396), by heating pure cinnabar in hydrogen gas, obtained from 100 pts. of the 
sulphide, in four experiments, 86*205 to 86*222 pts., mean 86*211 pts. of mercury: 
hence (for Jig = 200), S =* 32 005. Struve in 1852 (Ann. Ch. Phtirm. iiti. 
203) by reducing argentic sulphate with hydrogen, obtained, as a mean of six experi- 
ments, S = 32. Dumas in 1859 (Ann. Ch. Pharm. exiii. 20), by converting a 
known weight of silver into sulphide, Ag 2 S, obtained S » 32*01 ; and lastly, Stas 
in 1860 ( Itecherches anr tea rapports reciproques drs poids atoiniqnes) by heating 
silver in a stream of pure sulphur-vapour or pure sulphydric acid gas, obtained as a 
moan of five experiments, from 100 pts. silver, 1 14*8522 argentic sulphide : whence 
S = 3207. 

All these results come so near to tho whole nuinbor 32, that this numbor may bo 
used in calculation without sensible error. 


STJXPH1J11, FLVOXIDE OF. According to Davy and Dumas, a compound of 
fluorine and sulphur is obtained by distilling fluoride of lead or fluoride of mercury with 
sulphur. 

STTIPHUX, IODISES OF. Iodine and sulphur combine when heated together 
even under water. The resulting compound, PS 2 , is a blackish-grey radio-crystalline 
mass, resembling native sulphide of antimony, it decomposes at higher temperatures, 
gives otf iodine ou exposure to tho air, and is insoluble in water. — By heating 2 at. 
iodine with 1 at, sulphur, a compound is obtained which smells liko iodine, and is said 
to be a powerful remedy in skin diseases. — A cinnabar-rod iodide of sulphur is ob- 
tained, according to Grosourdi, by precipitating trichloride of iodine with sulphydric 
acid. 


OXIDES A2TD OXTGEIT-ACIDB OF. Sulphur forms two 
oxides, viz. sulphurous oxide or anhydride. SO 2 , and sulphuric oxide or 
anhydride, SO 3 . Sulphurous oxide is produced by tho combustion of sulphur in air 
or oxygen-gas: and sulphuric oxide may be formed by passing a mixture of dry sul- 
phurous oxide and oxygen or air over heated spongy platinum. Each of these oxides 
unites with 1 at. water, forming respectively sulphurous acid, IPO .SO* ® H 2 SO*, 
and sulphuric acid, 11*0.80* « IPSO 1 . 

These two acids may be regarded as oxides of sulphydric acid, IPS. A complete 
series of oxidised compounds of sulphydric acid would comprise the following members, 
corresponding to the oxides of hydrochloric acid (i. 907): 

Hydrochloric acid, HC1. 


Sulphydric acid, IPS. 

H 2 SO. 

IPSO 2 . 

Sulphurous acid, H*SO*. 
Sulphuric acid, IPSO 4 , 


Uypochiorous acid, HCIO. 
Chlorous acid, HCIO*. 

Chloric acid, HCIO*. 

Perchloric acid, HCIO 4 . 


The first and second members of the sulphur scries of oxygen -compounds are at pre- 
sent unknown, but we are acquainted* with their, chloro-derivatives, sulphurous 
chloride, or chloride of thionyl, CPSO, and sulphuric chloride, or 
chloride of. sulphuryl, CPSO*. 

The chlorine Acids are monobasic, or contain but one atom of replaceable hydrogen; 
but the sulphur-acids are dibasic, or contain two atoms of hydrogen replaceable by 
metals ; both sulphurous and sulphuric acids are accordingljteapable of forming neutral, 
acid, and double salts. . 

Sulphurous and sulphuric acids Can be formed from the anhydrides by direct hydra- 
tion, and the anhydrides from the acids by direct dehydration. 

Sulphurous and sulphuric acids can both be obtained by the direct oxidation of 
sulphydric acid ; and conversely, metallic sulphides can be formed by the deoxidation 
of sulphites and sulphates. Sulphurous acid, moreover, very readily afibrds sulphydric 
acid by deoxidation. 
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Sulphurous and sulphuric acids are convertible into one another by oxidation and 
deoxidation respectively. 

Sulphurous and sulphuric chlorides, SO Cl 5 and S0*C1®, yield sulphurous and sul- 
phuric acids respectively by treatment with water [replacement of, Cl 2 by (HO)*], and 
may be reproduced from those acids by the action of pentachloride of phosphorus. They 
may also be produced from the chlorides of sulphur (p. 534). 

Allied to the sulphates there is a group of salts called thiosulphates or more 
frequently hyposulphites. Their composition is that of sulphates (M*S0 4 ), in 
which 1 at. oxygen is replaced by sulphur, their general formula being M*S 2 0 a . When a 
sulphite, such as Na*SO s , is acted upon by oxygen or a peroxidised substance, it 
becomes an oxy sulphate, Na 2 S0* ; when acted upon by sulphur or a persulphuretted 
substance, it becomes a thiosulphate, Nu*S*0*. 

There is also a remarkable scries of acids called polythionic acids containing 
six atoms of oxygon and two or more atoms of sulphur, viz. : 

H*S*0 # Dithionic acid. 

H*S a O® Trithionic acid. 

H 2 S 4 0 6 Totrathionic acid. 

H*S*0 6 Pentathionic acid. 

The corresponding anhydrides are not known. 

The dithionates (also called hyposiUphates) are formed directly from sulphurous 
anhydride and a metallic peroxide, thus : MnO* + 2SO* «= Mn"S :f O ti . When heated 
they break up into a sulphate and sulphurous anhydride, e.g. Mn"S*0 8 *= Mn"SO* 
+ SO* The tri-, tetra-, and penta-thionates undergo a similar decomposi- 
tion when heated, but yield sulphur in addition. 


Sulphurous Compounds. 

Dioxide op Sulphur, Sulphurous Oxide, or Sulphurous Anhy- 
dride, SO*. — This compound occurs as gas in volcanic neighbourhoods, in the 
gaseous state and dissolved in tho water of the springs. It is formed artificially 
either by oxidation of sulphur or by deoxidation of sulphuric acid : — (a) By burning 
sulphur in air or oxygen, by roasting metallic sulphides, or by heating sulphur with 
metallic oxides, those of coppor and manganese for instance; (j8) By heating sulphuric 
acid with copper, mercury, or other metals, or with charcoal, sulphur, or organic bodies. 
It also results from the decomposition of thiosulphuric and dithionic acids. 

Preparation.— Sulphurous oxide is usually prepared by the deoxidation of sulphuric 
acid. For preparation on the laboratory scale, strong sulphuric acid is heated with 
copper or mercury : 

Hg + 2H*S0 4 - Kg" SO 4 + 2H*0 + SO*. 

Cu* + 2 IPSO 4 « Cu*S0 4 + 2H*0 + SO*. 

The sulphurous oxide then passes off as gas, and the residue consists, in the case of 
mercury, of mercuric sulphate, in the case of copper, of cuprous sulphate, mixed, accord- 
ing to Maumenfe, with cuprous and cupric sulphides. The gas may be passed through a 
small quantity of water to wash it, and then dried over chloride of calcium. In tho 
manufactory, charcoal, straw, sawdust, &c., are substituted for the metals, but the 
sulphurous oxide obtained by means of these substances is always contaminated with 
^bout half its bulk of carbonic dioxide. Wach (Sehw. J. 1. 26) recommends a laboratory 
process for making sulphurous oxide, by heating sulphur and sulphuric oxide together 
in sealed U-tubes, whereby the sulphurous oxide is obtained in the liquid state, at 
the cooled extremity. 

Properties. — At common temperatures, sulphurous oxide is a gas, but it may 
very readily be condensed into the liquid state by a pressure of three atmospheres, or 
by a freezing mixture of ice and salt. The liquid oxide may bo obtained in large 
quantities by heating copper turnings with sulphuric acid, and passing the evolved 
gas first through a little water to wash it, then through an empty U-tube surrounded 
by ice to cool the gas and condense its moisture, then through a chloride of calcium 
tube to render it perfectly dry, and lastly into a suitable receiver immersed in a freez- 
ing mixture of salt and ice. The product thus obtained may be preserved in sealed 
tubes, or in soda-water bottles firmly corked and wired, or preferably closed with a 
vulcanised caoutchouc pad retained by a screw-clamp. When the liquid oxide is 
evaporated rapidly under the air-pump, or when it is cooled bv a mixture of solid car- 
bonic dioxide and ether, it Bolidifies in white semi crystalline flakes. Solid sul- 
phurous oxide is heavier than the liquid. It melts at about — 79°. The liquid oxide is 
a colourless, transparent, mobile fluid. Its specific gravity is 145. It boils at —JO 0 . 
Respecting the tension of its vapour, as determined by Kegnuult, t*e Hkat (iii. 94). 
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3y its evaporation it produces intense cold, sometimes even sufficient to freese itself, 
and readily to freeze water on which it is poured. 

Sulphurous oxide in the gaseous state is colourless, irrespirable, and incombustible* 
It is more than twice as heavy as atmospheric air, and may consequently be collected 
by displacement. It may also be collected over mercury, but not over water, in 
which it is very soluble. It has a peculiar suffocating sulphurous odour. When 
perfectly dry it does not redden litmus-paper, at any rate not for some time. It 
temporarily bleaches many vegetable colours. The oxide or acid is largely used for 
bleaching wool, straw, &c., ana for preserving certain animal tissues, such as vellum 
anti catgut. The moist substances are placed in close chambers in which sulphus is 
burnt. The colouring-matters seem merely to en’.er into combination with the acid 
or anhydride, and may be reproduced by the addition of an alkali to neutralise, or of 
a stronger acid to expel the sulphurous acid. The fume of burning sulphur has also 
been employed as a disinfecting agent. 

When heated to 1200° or upwards, or subjected to the action of a powerful in- 
duction-spark, it is resolved into free sulphur and oxygen, which oxidises part of 
the sulphurous oxide to sulphuric oxide. It rapidly extinguishes the flame of burning 
bodies.— Nevertheless potassium burns brightly in it, forming u polysuiphideof potas- 
sium together with sulphate and thiosulphate. — Finely divided tin heated in the gas 
also bums brightly, forming stannic oxide and sulphide. — Arsenic acts upon it only 
in the form of vapour, forming arsenious oxide and sulphide. — Antimony is slowly at- 
tacked by it, forming the red trisulphide. — Precipitated lead is slowly converted into 
sulphide. — Iron (finely divided) glows when heated in the gas, forming sulphide of 
iron and ferrous sulphate. — Manganic jn roxuh, gently heated in the gas, is converted 
into manganous sulphate : lead-oxide or carbonate, chiefly into sulphide. — Cupric oxide 
is two-thirds reduced to cuprous oxide, the remainder being converted into cupric 
sulphide. (Schiff, Ann. Ch. Ph&rm. cxvii. 92.) 

Sulphurous Acid, II 2 SO s = 11*0. SO 3 = ^* 11 * 1 ^* — a. This acid may be 

obtained by burning sulphydric acid in excess of air or oxygen ; or by liberating it 
from its salts, the sulphites, by the addition of a slrongor acid, such as the sulphuric, 
hydrochloric, oxalic, &c. — lu practice it is always made by passing sulphurous 
oxido into water. When liquid sulphurous nxido is added to ice-cold water, or 
even to ice, combination attended by violent ebullition takes place, while a solid 
hydrated acid remains, mixed with an excess of ice, whether used as such or frozen 
during the reaction. The solid hydrated acid, in the form of white laminated crystals, 
may also bo made by passing moist sulphurous oxido gas through a freezing 
mixture. Pierre (Ann. Ch. Plmrm. lxviii. 228) obtained nitre-like crystals of sul- 
phurous acid, having tho formula H 2 SO > .8Il t O f by cooling to —6° a saturated solution 
of sulphurous acid through which a current of tho gas was being transmitted. The 
crystals fused at +4°. Popping (J. pr. Chem. xliv. 255) succeeded in procuring 
the pure acid, IPSO 3 , in the form of cubical crystals, by cooling to zero a saturated 
aqueous solution of sulphurous acid. 

The solution of sulphurous acid is made commercially by condensing the vapour 
from burning sulphur in a coke scrubber, through which water is kept trickling. In 
the laboratory the gaseous oxide is passid into distilled water, which at 15° absorbs 
about 45 times its volume of the gas (ii. 798). The combination is attended by a 
slight elevation of temperature. The resulting liouid has a specific gravity of 1'04* 
It is colourless, has the smell of burning sulphur, ana reacts strongly acid to test-paper* 
When boiled it gives oflf sulphurous acid or oxide, but very prolonged ebullition is re- 
quired to drive off the whole of tho gas. By pxposnro to air, t lie solution slowly oxidises 
into sulphuric acid. When mixed with hydrochloric acid and metallic zinc or stannous 
chloride, it is reduced to the state of sulphydric acid, which in tho case of zinc may be 
recognised by its reaction on lead- paper. With stannous chloride a precipitate of 
brown stannous sulphide is formed. 

Sulphurous oxide and sulphurous acid act as powerful reducing agents, . They 
liberate iodine from iodic acid, and, in presence of water, finally convert it into 
hydriodic acid. The smallest trace of free sulphurous acid in a gaseous mixture, or in 
a solution, may be detected by means of strips of paper steeped in starch -paste to 
which a small Quantity of iodic acid or potassic iodate has been added. The sulphurous 
acid sets free uie iodine, which forms the well-known bine compound with the starch 
(Per soz, Ann. Cb. Fharm. Ixiv. 408). Starch-paper, containing iodide of potassium, 
which has been turned blue by the action of chlorine, is decolorised by sulphurous acid. 
(Schdnboin, Pogg. Ann. lxx. 88.) 

Sulphurous acid and iodine, in presence of a large quantity of water, yield hydrio- 
dric and sulphuric acids: IPSO* + I 3 + H-0 «• 2HI + IPSO 4 . Bunsen's 
method of volumetric analysis is based upon this reaction- 
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Sulphurous acid and oxide reduce the arsenic, chromic, and permanganic nkq 
precipitate metallic gold from its chloride. They also precipitate tellurinm a J*!? * 
from telhmous and selenious acids respectively, Mdsmphurfomsulpbydricatid* 
For the detection of sulphurous oxide in gaseous mixture, Schiff (Ann. a. 
Pharm, cxviii. 91 ) recommends the use of paper moistened with solution of mercurous 
nitrate, which becomes grcy from precipitation of metallic mercury . Bright metallic 
copper heated with hydrochloric acid containing sulphurous acid immediately becomes 
dull, then grey and brown, or brown-black, from formation of sulphide. The deposit 
thus formed is distinguished from that produced by arsenic under similar circumstances 
by-not adhering closely to the metal, by not disappearing when heated in a tube, and 
by not dissolving, with evolution of hydrogen, when boiled with moderately dilute 
hydrochloric acid. Ileinsch (Zeitschr. anal. Chem. i. 220) rocomraeuds this reaction 
as a very delicate test for sulphurous acid ; but according to Fr e se n i u s {ibid. i. 221), 
it is not nearly so delicate as that with iodate of potassium and starch. 

Sulphurous Chloride, SOC1 j . Chloride of Tkionyl . Sulphurous Chlor- 
aldehyde. — This compound, derived from sulphurous acid, SO.HO.HO, by the 
substitution of 2 at. chlorine for 2 at. hydroxyl, is formed by the action of water 
alcohols, acids, &c. on the sulphides of chlorine (pp. 034, 535),* but is more easily 
prepared by the action of phosphoric pentachloride on sulphurous oxide (Schiff, Ann. 
Ch. Pharm. cii. Ill), or by that of phosphoric oxychloride on sulphite of calcium 
(Carius, ibid. lxx. 297) : 

SO 3 + PCI 4 « POCl* + SOC1*. 

3CaSO s + 2POC1 8 = Ca’FO 8 + 3SOC1* 

It is separated by fractional distillation from the fixed calcic phosphate produced 
simultaneously in the second, and by fractional distillation from the phosphoric oxy- 
chloride produced in the first reaction. 

Sulphurous chloride is a colourless, strongly refracting liquid, which boils at. 82°. 

It is decomposed by water, yielding hydrochloric and sulphurous acids ; by alcohols 
with formation of hydrochloric acid and alcoholic chlorides und sulphites (p. 535), 
and by ammonia, with formation of thionamide: CFSO 2 + 2NU* *» H 2 0 + 

(NH a )*SO. 

Metallic Sulphites. — Sulphurous acid, as already observed, is dibasic, forming 
normal or neutral, and acid salts represented by the formula] M*SO* and Ml ISO 3 for 
monatomic metals; and by corresponding formula] for polyatomic metals ; also double 
salts. The sulphites have been examined chiefly by Musprat.t (Ann. Ch. Pharm. 1. 
259 ; Ixiv. 240) and Kammolsberg (Pogg. Ann. Ixvii. 245, 391). 

Sulphites are usually made by transmitting gaseous sulphurous oxido through water 
in which metallic hydrates or carbonates are dissolved or suspended. The acid sulphites 
of barium, strontium, calcium, and magnesium, and the neutral and acid sulphites of 
lithium, sodium, and potassium, aro soluble in water. Most other sulphites are 
insoluble, Hnd may be prepared by precipitation with a sulphite of alkali-metal. The 
sulphites M*SO* and MHSO 3 , present, a great analogy to, and aro for the most part 
isotnorphous with, the carbonates, M*’CO s and MHCO* respectively. Both acid and 
neutral sulphitos form well-defined crystals, sometimes hydrated, but more generally 
anhydrous. The sulphites are decomposed at a red heat, either into sulphate and 
sulphide, or into sulphurous anhydride and metallic oxide. When heated with char- 
coal, they are completely reduced to the .state of sulphides., or in some cases to that 
of oxides. They uro also readily reduced in the moist way by stannous chloride, or by 
nascont hydrogen evolved from hydrochloric acid and zinc, with, formation of metallic 
sulphide or of snlphydric acid. The sulphites, particularly if in solution, become con- 
verted into sulphates by exposure to air, or by treatment with oxidising agents, such 
ns nitrous acid, hypochlorous acid, chlorine, &c. The solutions also, when acted on by ■ 
sulphur, sulphydric acid, or alkaline sulphydrate, form thiosulphates (hyposulphites). 
The sulphites are decomposed by nearly all acids, save the carbonic aiijfl bone, with 
liberation of Bulphurous acid. The acidified solutions of the salts act likti sulphurous 
acid as powerful reducing agents, and are frequently employed as such in analysis. 
Acid .sulphite of sodium was at one time much used as an antichlore (i. 310). 

Ssikphite of Aluminium. — A basic sulphite, A 1*0*. SO 5 . 411*0 or Al^SO*)*. 
4A1H*0*.6H O, is obtained, according to Gouggiuspcrg, by dissolving recently precipi- 
tated alnminic hydrate in cold aqueous sulphurous acid, or passing sulphurous gas 
into water in which the hydrate is suspended. Ou heating the resulting solution, the 
salt separates as a white earthy powder, which must be collected on a filter while hot, 
as it redlseolvcs on cooling. It is insoluble in pure water, and on exposure to the air 
ia gradually converted into sulphate. - , 

flulpUtes of Ammonium. -The neutral A prepared by 



SULPHITES. 


543 


pasting sttlrimrona aside and ammonia-gases, both moist, into absolute alcohol* the 
liquid then becomes filled with white Bilky crystals of the salt, which must be dried 
between filter-paper, it has a strong alkaline reaction, an unple asan t caustic taste 
and dissolves very slowly in water. The crystals, when exposed to the air, first become 
moist, but afterwards dry, being converted by oxidation into sulphate of ammonium 
(Muspratt.) 



(NH 4 )*SO* — NIP]. This salt is neutral to vegetable colours, gives off a considerable 
quantity of sulphurous oxide on exposure to the air. and is gradually but completely 
converted into sulphate of ammonium. It dissolves easily in water and in al- 
cohol. When heated in a tube it gives off sulphurous oxide, and yields a sub- 

IP 

limate perhaps consisting of 2NH®.S0*.JII*0 or (SO)" Vq.^IPO. Whon sulphu- 
rous oxide is passed into aqueous ammonia till the odour is entirely dostroyod, and 
absolute alcohol is then added, a whito alkaline crystalline mass separates, containing 
( N H 4 )*SO*.NH*. §IPO . (Muspratt.) 


Sulphite of Antimony, . Sb 2 0 3 .3S0 2 - Sb\SO a ) s , is obtained, according to 
Berzelius, by digesting antimonious oxide in sulphurous acid, or by passing sulphurous 
oxide into antimonious chloride. It is a white insoluble powder. 

Sulphite of Barium, Ba"SO*, is obtained by precipitation as a white powder, 
and crystallises from solution in warm aqueous sulphurous acid in permanent six-sided 
prisms. When heated in a close vessel, it is resolved, according to ItmnmelBberg, 
into sulphide and sulphate of barium : ‘UlaSO 1 = BaS + 3BaSO*. 


Sulphite of Bismuth, Bi*O s .S0 2 « 2Bi 2 0 5 .ftiVS0V, in deposited, according 
to Dunson, from a solution of bismuth-oxide in thu aqueous acid, left to stand in a 
closo vessel, as a straw-yellow precipitate, becoming while when dry. According to 
Muspratt, it is likewise produced by passing sulphurous oxide through tho nitrate. 

Sulphite of Cadmium, Cd"SO\ — Tho anhydrous salt separates from tho aque- 
ous solution by evaporation, in indistinct crystalline forma (ltarn mol h!) erg). On 
adding alcohol to tlio solution, the same salt separates ;ih a precipitate resembling 
alumina, which, if left to stand in tho liquid, changes into fine silvery crystals of 
the hydrated salt, Cd(S0 , ) , .ir* , 0. theso crystals dissolve sparingly in water, easily in 
dilute acids (Muspratt). Tho salt oxidises Hluwly in the air, and when heated, 
gives off sulphurous oxide, leaving a yellow residue of eadmic oxide, sulphide, ami 
sulphate. Sulphate of cadmium is also formed, together with the sulphide, on dissolving 
cadmium in sulphurous acid. (Ford os and (relis.) 

Ammonio-cadmic sulphite, (NII*) a Cd''(S0 3 ; 2 , is obtained, according to Schiller, by 
passing sulphurous oxide to saturation into the solution obtained by adding ammonia 
in slight excess to chloride of cadmium. It then separates as a white precipitate con- 
sisting of microscopic rhombic prisms, nearly insoluble in water, even on boiling. When 
heated, it gives off sulphite of ammonium, having a mixturo of cadmic oxide and 
sulphate. — Acid sulphite of Cadmammonium , (NIl 2 Cd";IlSO s , is formed by dissolving 
cadmic sulphite in aqueous ammonia, and separates on cooling as acrystalline powder, 
or in small shining prisms which Bmcll of ammonia and are decomposed by water. 
(Kammelsberg.) 

Sulphite of CalefUm, Ca~SO*, is obtained in the anhydrous state by precipitation. 
On suspending the precipitate in wator, passing sulphurous oxide through tho liquid, 
and leaving the resulting solution for several days over oil of vitriol, a hydrated salt 
separates in six-sided, prisms containing Ca''S0*.2H*0 (Muspratt), 2Ca"80 # .H*0 
(EaMmelsberg). Sulphite of calcium has an astringent sulphurous taste, and 
becomes cottitod, on exposure to the air, with silky efflorescences of calcic sulphate. 
When heated, it gives off water, sulphurous oxide, and sulphur, and leaves a residue of 
calcic sulphide and sulphate (Muspratt, Rammel sberg). Respecting the prepara- 
tion of this salt on the large scale, and its use in blenching, and in protecting oigattie 
substances from decay, see Anthon. (Dingl. pol. J. clix. 137.) 

A compound of catoio sulphite and sulphide , CaS0*.2CaS.6H 2 0, is found, according 
toKuhfmann (Corapt. rend. lii. 1169), lining the cavities of soda-residues which 
have been lixiviated, and afterwards exposed to the air for several years. 

S fl iphfi^ef Oeriaw. Ce"SO* r crystallises in ne<dlee. (Klaproth.) 

m&ptathdut 2Ct*0*.3S0*.ldH*0, separates from solution as a yellow 

powStr (Dunson), on addition alcohol, or on heating, as a greenish-whit* powder 
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which gives off sulphurous oxide when heated (Mu.s pratt). 


sulphurous oxide passed into a solution of potassic ch 

tate, gradually turning green,. $nd dissolving to a *&reen liquid, which 
basic salt on cooling. • ■- ■ • ^ 

Sulphites of Cobalt. — a. Cobalto us Sulp hit e, CofSO*, separates on Addition 
of alcohol to the solution of cobaltous carbonate in sulphurous acid, as a flocculent 
precipitate probably containing 1 at. water. From a solution freed fromuirby boilingv* 
and lqft to cool in a closed vessel, red granular crystals separate containing $ at water 
(Mu s pratt). The same solution evaporated down in an atmosphere of hydrogen, 
gives off’fculphurous oxido, and deposits pcachblossom-coloured ciystals of a salt con- \ 
taining 3 at. water. The mother-liquor on cooling deposits a light rose -coloured. r 
1 powder, probably a basic salt. Ammonia partially dissolves the tribydrated salt with 4 
red-brown colour, and alcohol added to the solution throws down a yellow crystalline 
powder containing ammonia, sulphurous oxide, and probably cobaltig oxide, Co*0\; 
(Ha mm els berg.) 

Potassio-cobaltous sulphite, K ,J O.Oo"0.2SO* = K*Co"( SO 3 )*, is obtained^ as a pale- 
rod crystalline or amorphous precipitate, by heating cobaltous sulphite dr chloride * 
with neutral sulphite of potassium, or by boiling cobf^kiu ^clrate with a sufficient 
quantity of the alkaline sulphate. — A sodium-salt cohiainifa^ Na*0.8Co"0.3SO* 

Nh*Co ? (SO s ) , .Co" 0, is prepared in like manner., Both salts oxidise on exposigjft'ffe 
the air. (W. Schultz c, Zeitschr. Ch. Pharm. 1#65, p. 89 ; Jahresb. 1865, p, 2fQ.y $ 
0. Cob attic Sulphites. — A warm solution of ammonium-sulphite dissolves 
recently precipitated cobaltic hydrate, with evolution of ammonia, forming a dark 
alkaline liquid; and this, if strongly saturated, deposits after awhile, a reddish-yellow 
powder which rediasolvos on washing with water, the solution then gradually depo- 
siting yellow-brown crystals, and afterwards a yellow powder containing 2(Co v p 3 .890 2 )^ 
10NH 3 .9H*O, and apparently identical with the purpureo-cobaltic sulphiUrd escribed 
by Kiinzcl (i. 1049). The mother-liquor deposits brown crystals ^hich are decomposed 
by water, yielding a yellow salt probably iclentical with Kiinzel’a triammonlo-cobaltic 
sulphite (i. 1051). (Geuther, Ann. Ch. Pharm. cxxviii. 167; Jahresb. 1863, 
p. 267.) 

Potas8io-cohaItic sulphite, K*O.Co 2 0 , .4SO f =» KCo"'(S0 3 ) 2 , is formed, by heating 
cobaltic hydrate for somo time with a frequently renewed, concentrated, neutral, or 
slightly alknlino solution of potassic sulphite, as an amorphous powder which dissolves 
slightly in sulphurous or hydrochloric acid, and decomposes in dryihg . — A sodium- salt, 
having the composition Na‘O.Co v O , .3SO x 1 is obtained in a similar manner. (Geuther;* 
Schultze.) ^ J\ 

Sulpliltes of Copper. —a. A basic cupric sulphite, 4Cu"0.SO , .7H*O a0$ 
Cu"S0 s .3Cu"II*0^4H z 0, is obtained by adding cupric hydrate to absolute Sledhlt 
rated with sulphurous oxido. as a green precipitate, insoluble in water, and not devoir 
posed by washing therewith. % v ** 

8. Cuprous sulphite , Cn 3 SO*. — The anhydrous salt, which, tUMT a Til mi iljjjhi ’ 
colour, is obtained, according to Bottger, by treating cuprous hydrate with aqueous sul- "■** 
pliurous acid. The same suit is obtained pure and as a hydrate, by passing sulphurous 
oxide through water in which ammonio-cuprous sulphite is suspended.. Tbs latter Hn 
thus converted into an insolublo red powder, which on boiling me liquid, is converted | 
into a mass of microscopic crystals consisting of Cu*90 # 4l*0, eeseffibling f * 
double salt in general appearance, but lighter-coloured, anfl exhibiting undsfl 
microscope, distinct quadratic prisms or octahedrons, whereas the .double salt .< 

Uses in oblique prisms. Cuprous sulphite is converted by h\*drochloriC 
cuprous eWbnde, and dissolved by ammonia to a colourless liquid which dbet nottl 
blue. (Rogojski, J. pr. Ghent, liii. 408.) * 

Ammonio-cuprous sulphite, (NH 4 )CuSO* t is obtained in col 

»ri#sulphate with excess of aBnmoniiim-iu^feUh uni 

ie brown liquid till it becomes colourless ; dtnbjy 
long) through an ammoniacal solution of etipne 
ing sulphite of ammonium at the boiling Heat to a 
rate strongly supersaturated with ammonia, till i£> 
ig solution mixed with tatcess of nitric add and exposi 
salt in nacreous six-sided tables (XI. tToht, J. <pr. 
insolubj&dn cold water, and is decomposed by baling watfe 
and cumwns owHe; also by sulphuric acid Mto piefeX fle 

In a soiuf- ' , L ^ - 

sulphite (. 

« (NH7 



of cupric sulphate it is immediately &oi 


). — Another 
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Mr 


•H- 


8ULPHITES. 


545 


p - ZV ’ by ^"8 florid, with 
galphite rf ainmOiiiOTn. Ifccrystalhitts inneedlea, and is converted into the preoe- 
ding salt by saturating its solution with sulphurous acid ^ 

«^ r«.-Th« Cu«SO*.2K<s6» i. produced, according to 

Cbevreul Mid Muapratfc, by adding sulphite of potassium to & moderately concentrated 
solution of cupric sulphate or nitrate, or according to Vobl by passing sulphurous oxido 
i into a solution of a cupric salt mixed with excess of potash. It is a yellow precipi- 
tate which by boiling with water is converted into the salt 3Cu*SO # .3Cu*SOV2K*SO* 
Rammelsbetg, by* mixing a cupric salt in the cold with sulphite of potassium, and 

rl iMatino MIA TV'S ii If in nr VAllriW.I-itv^wn vnuAinilntr. I...’ _ * _ * . 

potassio 
9 conipo- 

w * 1 potassie sulphite, 

Sodio-cuprous sulphite, Cu*3o».5Na a SO». 38H*0, is formed, according to Mnspratt* 
by adding alcohol to a mixture of the solution of sodic and cupric sulphites ; on 
leaving the liquid thereby separated in a vacuum, the double salt is deposited in fine 
yellow crystals. 

' . . . > ' Na*O.SO* \ 

A midio-ftrro^fcTTie^iupfmt sulphite, jvo?2SO^ [ - 16H! °- iaaaid to be obtained 
*•' * ‘ • Cu’O.SO* j 

liy iddiog neutral sulphite of sodium to a solution of 2-49 grms. (2 at,) cupric sulphate 
and 5*56 grms. (4 at.) ferrous sulphate in 100 c.c. water. The precipitate formed at 
first redissolves to a dark purple-red liquid, which after some hours deposits the com- 
plex salt in small bluck crystals, appearing dark purple-red by transmitted light. (A. 
Strosgeyer, Ann. Ch. Pharm. cix. 237.) 

f Guproso-cupric ^i/^Ai^.^lsW^IPO^CuW.Cu'^^Il^^RammoU- 

berg and Rogo j ski.) — I J repared by treating hydrate or carbonate of copper with 
aqueous sulphurous acid, or by passing sulphurous oxide through water in which 
either of itheso compounds is suspended (Muspratt), or by adding a concentrated 
solution of acid potassie sulphite to a solution of cupric sulphate, ana gently warming 
the filtered lfouid (BoursonJ. It forms red crystals or a crystalline powder, which 
dissolves in hydrochloric acid with brown colour, becoming green ou dilution, with 
separation of white cuprous chloride. The same salt is obtained combined with 6 at. 
water* by slowly passing sulphurous oxide through u solution of cupric acetate, or by 
adding an alkaline Sulphate to a cupric salt in excess. It then separates as a yellow 
flocculent precipitate, which remains unaltered in dry air, is insoluble in water, but 
dissolves without “decomposition in acetic or sulphurous acid. On evaporating its solu- 
^tioa the i*4 dihydrate separates out. (P4 a n - d e - St -G i l le s.) 

^ Jn m&ltiO^uproso-mpric sulphite, (NH 4 ) 2 Cu a Cu*'(S0 , ) , .5H 2 0, separates in light-green 
crystal* oil mixing a saturated solution of ammonium-sulphite with cupric sulphate 

PMlm-de-fift-jglilles).— A potassio-cuprcso -cupric sulphite, K < Cu B Cu 2 (SO , ) # , is ob- 
ttified as a red precipitate on heating a solution of cupric sulphate with potassie 
UulpbUe. (fcogojski.) 

- Sulphite of aiflymlnm, Di"90 i .H , 0. — Produced by passing sulphurous oxide 
* through water in which strongly- ignited oxide of didymium is suspended. Tbs rose- 
, Coloured solution becoiftqs turbid when heated, and deposits the salt as a light bulky 
^Ipifitate, which redisiblvcs on cooling. If, however, the excess of sulphurous acid 
^Ip^espelled by boi^ng, the precipitate becomes reddish-white and pulverulent* and no 
Srea/OQ, boiling. (Marignac.) 

Sf Olhomum, G*SO # , is very soluble in water, and is not. decomposed 

> • 

_ ^ ic nor aureus sulphite is known iiPthe separato 

uric »u l fltite, fiK 3 S0*.Au'(S0*) , .6H*0, or 2(KAn”0*. 

' *og a solution of potassie sulphite into a slightly alMfe^ 
in yellow needles insoluble in the alkaline liquid* bufdisy' 
_ lotion of sulphurogjx ac‘d agd separation of gold. 

heated* it leaves metallic gold and sulphate of potaasiup. '* 

St<4^a»Autf|p«)*.6H*0, or3Na*SO»jin*SO» 5HKyji™s • 

k * ^‘‘^oyiiloobol, appears yellow byrefiected light 

purple of Cassius),’ Its solu* 
of lead-^hroipateyaud forms 
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Sulphite* of Xrldiom. (Birnbaum, Ann. Ob. Fhprm. cxxxvi. 177 ; : Jahresb. 
1865, p. 283.)— a. Iridic Sulphite, Ir0 3 .S0 2 .4H 2 0 » ^Qy 1 0*. — On passing 

sulphurous oxide into water in which iridic oxide (iii. 322) i# suspended, part of the 
oxide dissolves with Jight olive-green colour, while the rest remains undissolved as 
brownish-green iridic sulphite. This salt, when dry, forms a black-brown amorphous 
mass ; which, when heated, gives off water, sulphurous acid and sulphuric acid, and 
leaves black oxide of iridium. Hydrochloric and sulphuric acids dissolve it with 
green colour and evolution of sulphurous oxide ; nitric acid and potash separate blue 
nidic oxide. 


0. Iridious Sulphite, Ir*(S0 s ) 3 .6H 2 0 


(Ir'T 


0 a .6H 2 0. — This salt is contained 


in the light olive-green solution above mentioned, and separates by gradual evapora- 
tion as a brown amorphous mass. It dissolves easily and with grey colour in acids, 
and when heated with potash, becomes first brown, then green and blue. 

The following double salts of iridious sulphite are obtained by mixing the olive- 
green liquid filtered from iridic sulphite with the corresponding alkaline carbonates, 
in quantity not sufficient to form a precipitate. The solutions, when left to them- 
selves, deposit the double salts as dark crystalline precipitates: 

Ammonio-iridious sulphite, (NH*) , Ir w (S0 t )*.3H 3 0. 

Potassio-iridious sulphite, K s Ir"(S0 s ) s .3H 2 0. 

Sodio-iridious sulphite, Na 3 Ir'"(S0 s ) , .4H 2 0. 

Respecting other double sulphites of iridium, see vol. iii. p. 322. 

Sulphites of Iron.— a. Ferric a alt s.— -The neutral salt, Fe 2 0 3 .3S0 2 *= Fe^SO*) 1 

e = 8 | O 6 * * 8 known in the solid form. The red solution formed by dissolving 

ferric hydrate in sulphurous acid, or adding an alkaline sulphite to a ferric salt, 
quickly becomes converted into ferrous sulphate.— The dibasic salt, 2fe 2 0 2 .3S0 2 

— Fe , 0 , .Fe , (S0 # ) B = j 0“, is thrown down by alcohol from the red solution 

above mentioned, as a yellow-brown hydrated precipitate, which oxidises in 
the air to soluble ferric sulphate.— The tribask salt , Fe 2 0*.S0*.6H*0 = 2Fe 2 0*. 

Fe^SO 1 ) 1 . 1811*0 *= | OV6H 2 0, is produced by treating the dibasic salt with 

water. A solution of ferric oxide in sulphurous acid, exposed to the air for several 
days, deposits the tri basic salt as a red-brown precipitate containing 7 at. water 
(M us pratt, Koene). If, on the other hand, the same solution is heated, it deposits 
a straw-yellow ochry precipitate, which contains, according to Koene, 3Fe 2 O 5 .S0 s .7H*O, 
and suffers no alteration on exposure to the air. 

Potassio-ferric Sulphites. — The blood-red solution obtained by passing sulphurous 
gas through water in which ferric hydrate is suspended, yields, on addition of caustic 

potash, a double salt containing (Fe , 0 5 .S0 2 ).2(K , O.S0 2 \5H ? 0 = j 0 , .5H*0 

(Muspratt),— Another double salt, (Fe 2 0 3 .S0*).K 5 0.2S0 2 , is formed, according to 
Koene, as a deep-yellow precipitate on adding dilute potash-ley to the alcoholic fil- 
trate obtained in the preparation of dibasic ferric sulphite. 

0. Ferrous sulphite, Fe"SO , .3H*0, is obtained, together with an equivalent 
quantity of the hyposulphite, by dissolving clean iron- wire in aqueous sulphurous add 
(Fordo s and GAlis). On leaving thiB solution to evaporate in a vacuum, the sul- 
phite separates out first m pale-green crystals ; or it may be precipitated as a whits 
powder by adding alcohol to the solution. It is also produced by dissolving recently 

S recipitated ferrous carbonate in sulphurous acid. The nearly colourless crystals 
issolve sparingly in water, but abundantly in aqueous sulphurous acid, and are con- 
verted slowly in dry, quickly in moist air, into sulphate. (Ildus pratt.) 

Sulphite of Lead, Pb"SO*, prepared by double decomposition, or by passing sul- 
phurous oxide into a solution of neutral plumbic acetate, is a white, insoluble, anhy- 
drous powder, which when heated gives off sulphurous oxide, and leaves a mature of 
sulphate and sulphide. It has been proposed as a substitute for white lead. 

•ulptite of hithlum, Li*S0 , .6H*0, separates from its aqueous solution on 
boiling, or on addition of alcohol, in white feathery crystals, which turn, iifckfraUawa* 
exposure to the air. (Ban son.) • ■ >. ' 

Sulphite ••fwalum* Mg' , SO*.6H*0, foms^small shining crystals, belonging 3 
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to the rhombohedral system, which dissolve m 20 pU. of cold water, and arenadasilr 
converted into sulphate on exposure to the air. It gives off part of its water at IOO« 
the rest, together with sulphurous oxide, at 200« (RammeVsbergWMwomt 
tained a aalt with 3 at.%ater, crystallising in oblique rhombic prisma. P °° 

A mmonio*maonesic sulphite, (NH 4 ) 2 Mg*(80*)\5H*0, is obtained, according to 
Rammelsbeig, by mixing a solution of magnesia in sulphurous ucid, with excess of 
ammonia, dissolving the resulting precipitate in sulphurous acid, and leaving the solu- 
tion to crystallise. Sulphite of magnesium then separates out first, and afterwards tho 


much more soluble double salt. — Another hydrate, containing (NH^VMg^SO 1 ) 4 . 1811*0, 
is obtained in monoclinic crystals from the mixed solution of the component salts 
(Rammelsberg). — The potassic double suit is difficult to obtain pure, because it is 
about as soluble as the simple magnesic sulphite formed at the same time. 

Sulplilte of Manganese, Mn"SO\2H-0 or (according to Rammelsberg) 2Mn\SO i . 
fill-’O, is a reddish-white crystalline powder, tasteloss at first, but leaving a nauseous 
metallic aftertaste. It is insoluble in water, alcohol, and ether, and permanent in tho 
air (Mu sprat t, John). When heated in a small retort, it. gives off water mid sul- 
phurous oxide, and leaves a greenish-brown pulverulent residue of manganic oxide, 
manganous sulphate, and sulphide of manganese. (Rammelsberg.) 

Sulphite* of Mercury. — a. Mercuric salts. — When a syrupy solution of basic 
mercuric nitrate is mixed with a dilute solution of alkaline sulphite, a heavy white 
curdy precipitate is formed, varying in composition between the neutral salt, Hg^O.SO*, 
or Hg 'SO 1 , and the basic salt, 2Hg"O.SO* or Hg"O.Hg‘*SO J l according as the mercuric 
salt used in the preparation contained less or more of base. — The neutral salt, Hg"SO B , 
is veiy. unstable, and is converted by boiling with water into a mixture of mercurous 
sulphate and metallic mercury. — The basic salt , Hg"0.1Ig'SO\ when gently heated in 
the dry state, or boiled with water, is converted, without alteration of percentage 
composition, into neutral mercurous sulphate, Hg*S0 4 (PAnn-d e-St-G i lies, Ann. 
Oh. Phys. [3], xxxvi. 80). — The nitrate is tho only mercuric salt from which mercuric 
sulphite can be prepared, all others being reduced or dissolved by alkaline sulphites. 

Acid mercuric sulphite, Hg"H a (SO*)*, is formed, according to Wicko, by treating 
solid mercuric chloride with a solution of acid sulphite of sodium, and separates as a 
white crystalline powder consisting of microscopic cubes. It is moderately soluble in 
water. The solution deposits metallic mercury when heated; it is decomposed by 
potash in tho cold, by ammonia only when heated, with formation of a white precipi- 
tate; it is not precipitated by alkalis. 

Ammonio-inercuric Sulphite, (NlI 4 ) 2 IIg*‘(SO*) 2 . — A solution of acid ammonium-sul- 
phite, saturated at the boiling heat with mercuric oxido, and then left to evaporate at 
a gentle heat, deposits this double salt in large, transparent, colourless, soft, tabular 
crystals. It decomposes when exposed to light, with separation of mercury-globules ; 
slowly also even when kept in the dark and in well-closed vessels. The aqueous solution 
decomposes in the same way, slowly in the cold, immediately on boiling. With potash 

it yields a white precipitate, consisting of 2TTg w S0*.N*JIg*.2H 2 0. (Hi rzel.) 

Potassio-mercuric sulphite , K*Hg"(S0 B ) I .Il*0, separates from a mixture of the satu- 
rated solutions of potassic sulphite and mercuric chloride, in tufts of small white 
needles. It dissolves slightly in cold wuter, forming a neutral solution. (P6an-de- 
St-Gilles.) 

Sodio-mercuric sulphite , Na*Hg"(SO’)* H z O, is obtained by adding mercuric chloride 
to excess of sodic sulphite. On evaporating the liquid, the salt crystallises in small 
rhombohedral plates, whose solution has a neutral reaction, and is not precipitated by 
iodide of potassium (P4an de St-Gilles). — Another double salt, containing 

Na*Hg*(S0 , )*.H , 0, is produced, with separation of a small quantity of calomel, on 
mixing the hot saturated solutions of sodic sulphite and mercuric chloride, the latter 
being in excess. The liquid, filtered hot, deposits the double salt on cooling as a com- 
pact mass of indistinct needle-shaped crystals. It is more soluble than the preceding. 
The solution has an alkaline reaction, and iodide of potassium separates half the 
mercury from it. Potash heated with it separates one -fourth of the mercury. (PAa n - 
de-St-Gilles.) 

A compound of am 7 nonium-sulphite with mercuric chloride , 2(NH 4 )*SO , .3HgfCP, 
separates in nacreous crystalline laminae, on mixing the solutions of the component 
salts. When heated to boiling with water, it gives off sulphurous oxide, and 
deposits mercurous chloride. 

J3. 3f secure us Sulphite. — The neutral salt is not known. An anhydrosvlpUte , 
2Hg*O.880 t - 2Hg*S(XSO*, or 3Hg*0.4S0* « 3Hg*SO*JSO“, is produced by passing 
sulphurous oxide through water in which recently precipitated mercuric oxide is 

<41 r 2 
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suspended. It is a white, very easily deeoinposible salt, being quickly oxidised to 
sulphate, with separation of metallic mercury. When heated in a test-tube, it melts, 
gives off a large quantity of sulphurous oxide, and yields a sublimate of mercurous 
sulphite and metallic mercury. It is also quickly decomposed by boiling with water, 
mercury being separated, and free sulphuric acid remaining in solution. Warm nitric 
acid dissolves it easily, with evolution of nitrous acid. Hydrochloric acid converts it 
into mercurous chloride. When it is digested with caustic potash, the filtrate which 
runs away from the black mercurous oxide, contains but little sulphite of potassium. 
(Rammelsberg.) 

Sulphite of Wicket, Ni"S0 8 .6H*0, separates by spontaneous evaporation from its 
aqueous solution, in fine tetrahedrons. It is insoluble in pure water, soluble in water 
containing sulphurous acid, and becomes opaque when heated with water, probably in 
consequence of conversion into the anhydrous salt, or of another hydrate (M us pratt). 
— The tetrahydrated salt, Ni"S0 r, .4f[*0, is obtained, according to Musprutt, by boiling 
the solution of nickel-hydrate in sulphurous acid; it then separates in small green 
crystals, nearly insoluble in water. Metallic nickel is dissolved by aqueous sulphurous 
acid, with formation of sulphite and hyposulphite of nickel ; on evaporating the 
solution, the sulphito crystallises out with 6 at. water. (Fordos and Grelis.) 

An ammonio-sutyhite *\f nickel , Nl"S 0 3 .3NH 3 .3H*0, is thrown down by alcohol from 
& solution of nickel-sulphite in ammonia, as a light-blue crystalline precipitate, which 
dissolves in a small quantity of water to a light- blue liquid, becoming turbid when 
mixed with more water, or when heated. (Rammolsberg.) 

Sulphites of Osmium. — Osmious Sulphite, Os' SO 8 , is formed by treating aqueous 
osmieacid with sulphurous acid, and separates on mixing the solution with sulphate or 
carbonate of sodium, and leaving it to evaporate, or warming it, as a blue jelly, which, 
while moist, oxidises readily, with formation of sulphuric acid, but, after drying, forms 
an almost, unalterable powder of a dull black-blue colour. It is insoluble in water, but 
dissolves easily in hydrochloric acid, forming an indigo-coloured solution without 
evolution of sulphurous oxide. It is decomposed by potash at the boiling heat, and 
w T hen hoatrd by itself is resolved into sulphide of osmium, osmic tetroxide, and sul- 
phurous anhydride. (Claus, J. pr. Chein. xc. 65; Jahresb. 1863, p. 295.) 

The salt, 0s0.2S0*.6KCl, is obtained by treating the following compound witli 
hydrochloric acid: it forms a brown-red crystalline salt, having a sharp tasto, and 
very soluble in water. (Claus, Ann. Ch. Ph&rm. lxvii. 375.) 

Osmio-potassic Sulphite, 0s"H a (B0 3 )-.3K 2 S0 , .4H 2 0, or 0s"K a H a (S0 3 ) a .4H J 0, is 
formed by heating osmio-potassic chlorido with a solution of potassic sulphite. It is 
a light, white, or faintly rose-red powder, consisting of small, soft, crystalline scales. 
It is very slightly soluble in water, and decomposes at 180°. (Clan s, Ann. Ch. 
Pharm. lxiii. 355.) 

Sulphites of Platinum.— a. Platinic Sulphite, Pt ,T (SO*)*, obtained by 
dissolving platinic oxide in sulphurous acid, and gradual evaporation, is a white gummy 
mass, soluble in water and in alcohol, and having a strong acid reaction. When 
heated it is resolved into metallic platinum and sulphuric anhydride. From a solution 
of auric chloride it throws down metallic gold, the solution then containing platinic 
chloride and sulphuric acid. It iB not decomposed by sulphuric or by hydrochloric 
acid. It ferm a double salts with sulphites of alkali-metal. (Doberciner.) 

0, Vlatinous Sulphite , Pt"SO\ is obtained bypassing sulphurous oxide through 
water in which plutinous oxide is suspended. On leaving the liquid to itself with the 
vessel closed airtight, the oxide gradually dissolves, forming a brown-green solution. 
It forms colourless doublo salts with sulphites of alkali-metals. 

Ammon io-platinous Sulphite, (NH^Pt'^SO^.lPO, discovered by Liebig and analysed 
by Hockmunn, is prepared by reducing a solution of platinic chloride to platinous 
chloride with sulphurous acid, neutralising with ammonia, precipitating with alcohol, 
and crystallising from water. Forms long, flat, white needles, easily soluble in water. 
— Another ammonio-plat incus sulphite, containing (NH’^Pt'^SO*)*, is formed, as a 
white, bulky, crystalline precipitate, on mixing a moderately concentrated solution of 
amxnomo;platiaou8 chloride with neutral sulphite of ammonium. (J. Lang, J. pr. 
dhem. lxxxiii. 416.)’ 

Potassio-platinous Sulphite, 2K*Pt”(S0 3 V.3H , C, produced by heAting potassio- 
plfttinous chloride with acid sulphite of potassium, crystallises in microscopic six-sided 
prisms, having a faint straw-yellow colour, sparingly soluble in cold, easily in warm 
water. The neutral solution is decomposed by hydrochloric acid, only when heated; 
hydrate and carbonate of potassium do not alter it, even with aid of neat; carbonate 
or sodium throws down a white precipitate of the sodium double salt; carbonate of 
ammonium and sulphydric acid ao not act upon it (Lang). Claus, by decomposing 
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platinlc chloride with sulphite of potassium, obtained the salt K<Pt”H*.(SO*)».n i O t 
analogous to the osmium-^alt above described, Lang was not- able to prepare this salt. 

Sod io-pl atinous Sulphite , Na*Pt ,, (S0 5 ) 4 .3H*0, prepared by reducing pi atinic chloride 
to plntinous chloride with sulphurous acid, saturating the liquid with sulphurous acid, 
and exactly neutralising with sodic carbonate, is a bulky nearly colourless pre- 
cipitate, which dries up to a white amorphous powder, acquiring a tinge of yellow 
when moistened. It is sparingly soluble in cold, more soluble in warm water, 
insoluble in alcohol. From t ho aqueous solution it is precipitated unaltered by the 
chlorides of sodium, ammonium, and barium, and by nitrate of silver. It gives off its 
water of crystallisation between 180° and J00 \ and may then be heated to 240° with- 
out alteration ; but at higher temperatures it becomes darker, and is completely 
decomposed at a red heat. Tho platinum in this salt cannot bo detected by tho 
ordinary reagents; but strong acids decompose the salt, eliminating sulphurous oxide, 
and converting it into the following compound. By cyanide of potassium it is dissolved 
and converted into potass io-plati nous cyanide. ^LiUtou and fc: eh node r man n t 
Ann. Ch. Phann. xliii. 316. — Lang.) 

Another soilio-platinous sulphite, Na*Pt"(SO s )*.H 2 0, is obtained by dissolving tho 
preceding in dilute hydrochloric or sulphuric acid, and leaving the solution to evaporate. 
It is then deposited as a yellow powder, moderately soluble in water, und forming a 
slightly aeid solution, from which it is precipitated by common salt. In other respects 
it resembles the preceding compound. (Litton and So hnedermann.) 

Argm to- platinous Sulphite, Ag*Pt"(SO*)«, produced by mixing the corresponding 
potassium-salt with nitrate of silver, is a white precipitate, insoluble in water, easily 
soluble in ammonia. (Lang.) 

Sulptittes of Potassium. — Tho neutral salt, K*SO s . 211*0, is obtained by satu- 
rating a solution of the carbonate with sulphurous acid, and evaporating over oil of 
vitriol, in large monoel in ic octahedrons, somewhat, deliquescent, very soluble ill watofr, 
slightly soluble in alcohol, having a strong alkaline reaction and bitter taste. When 
heated, it swells up, gives off sulphurous oxide, and leaves sulphate of potassium 
mixed with sulphide and hydrate. (M u a pratt.) 

Thd acid salt , KIISO s , is produced by supersaturating a warm and moderately con- 
centrated solution *of tho carbonate with sulphurous acid, and separates on cooling, or 
on addition of absolute alcohol, as a white muss of crystalline needles. Tho solution, 
if left for several weeks in a stoppored bottle, deposits the salt in large rhombic orisins. 
It has a disagreeable sulphurous aftertaste, a neutral reaction, gives off sulphurous 
oxide, continually on exposure to tho air, and is finally converted into sulphate. Its 
solution, when evaporated, gives off sulphurous acid, leaving a mixture of acid und 
neutral salt, and after prolonged boiling, only the neutral salt remains. (Muspratt, 
Ram m elsberg.) 

An anhydrosulphile , K-0.2S0* or K-SO s .SO*, is formed bypassing sulphurous nxulo 
through a warm concentrated solution of tho carbonate, till the effervescence ceases and 
tho liquid assumes a greenish colour. It is then deposited on cooling, in hard granu- 
lar crystals, which must be collected on a filter, washed with alcohol, and dried 
between filter-paper. It dissolves very slowly in water, very slightly in alcohol, and 
not at all in ether, has a disagreeable saline taste, and is permanent in the air. When 
heated, it gives off sulphurous oxide and sulphur, leaving a residue of potassic 
sulphate. (Muspratt.) 

Bulplftlte of RHodlom. See Rhodium (p. 104). 

Sulphite* of Ruthenium and Potasatum, K*Uu"(SO*) ? , is produced, according 
to Claus, as a cream-coloured pulverulent precipitate, by boiling potusNio- ruthenium* 
chloride with sulphite of potassium. By repeated solution and evaporation it may be 
obtained nearly white. (Claus.) 

Sulphite of Silver, Ag^SO*, is prepared by dissolving silver-oxide in sulphurous 
acid, or by precipitating a silver-saft with an alkaline sulphite or sulphurous aeid; and 
is deposited, according to tho mode of preparation, in small white shining needles, or 
as a white precipitate resembli ng chloride of silver. -The salt is very slightly soluble in 
water, has a disagreeable taste, and, according to Muspratt, acquires, OH exposure to 
the air, a dark purple and ultimately black colour. According to Fourcroy, the asys- 
tole are unalterable even in sunlight. It forms double salts with alkaline sulphites. 

Sulphites of Bodlnm. — The neutral salt, Xa v SO*, is easily prepared by satu- 
rating a solution of the carbonate with sulphurous acidj and adding to it, while warm, as 
much sodic carbonate as it originally contained. The salt then separates on cooling la 
monoclinic crystals containing Na'S0*.7H 2 0. It is very soluble in water; the solution 
has an alkaline reaction, and, when heated, deposit* a salt (probably anhydrous), which 
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disappears again on cooling. It dissolves slightly in aqueous alcohol. At 150° it 
gives off the whole of its water, becoming white and enamel-like, and at a higher tem- 
perature melts to a yellowish -red mass, from which alcohol extracts sulphide of sodium, 
leaving sulphate (Rammelsberg). — Another hydrate, containing Ntt*SO*. 10H*O, is 
produced, according to Muspratt, by saturating a solution of sodic carbonate with sul- 
phurous acid till it acquires an add reaction, and leaving it over oil of vitriol. It then 
separates in large oblique prisms, which, on exposure to the air, quickly effloresce, and 
are gradually converted into sulphate. It has a faint alkaline reaction and cooling 
sulphurous taste (Muspratt). Specific gravity of the decahydrated crystals — 1*561 
(Buignet, Jahresb. 1861, p. 16). — Vauquelin obtained the neutral sulphite with 8 at. 
water. 

Acid sulphite , NaHSO*. — A solution of sodic carbonate, supersaturated, while warm, 
with sulphurous acid, deposits this salt on cooling in small shining prisms. Alcohol 
precipitates it in the granular form. It smells of sulphurous acid, has an acid re- 
action, an unpleasant sulphurous taste, effloresces very easily in the air, and is finally 
converted into sulphate (Muspratt). Clark obtained an acid salt with 9 at. water. 

Sodio-ammonic sulphite , Na 2 (NH 4 )H(S0 8 ) 2 .8H*0, crystallises, according to Marignac, 
in thin monoclinic tablets. 

Sulphite of Strontium, Sr'SO*, is obtained by double decomposition, as a white 
tasteless powder, and in crystalline grains by dissolving the precipitate in aqueous 
sulphurous acid, or by passing sulphurous oxide through water in which carbonate of 
strontium is suspended (Muspratt). The crystals are flat rectangular plates, 
acuminated with two faces (Rammelsberg). The salt is gradually converted into 
sulphate by exposure to the air. 

Sulphite of Titanium is precipitated, according to Berthier, on boiling a solution 
of titanic hydrate in sulphurous acid. 

Sulphites of Uranium. Uranic Sulphite , or Sulphite of Uranyl , 
Ur s 0*.S0' J .3H*0 » (Ur*0 2 )"S0*.3H 2 0, separates as a floeculent precipitate, of a fine 
light-yellow colour, on mixing the nitrate with sulphite of ammonium, or on passing 
sulphurous oxide through witter in which uranic hydrate is suspended. It is permanent 
in the air at ordinary temperatures, but decomposes when heated, giving off sulphurous 
oxide, and leaving a brown residue, probably of uranoso-uranic oxide (Muspratt). 
According to Reinele (Pogg. Ann. exxv. 238), ft solution of uranic nitrato mixed with 
sulphite of ammonium yields a lemon-yellow or .sulphur- yellow precipitate, consisting 
of (U*0 , )"SO a .2II*O l mixed with variable quantities of uranate of ammonium ; it is 
soluble in excesB of ammonium-sulphite, and somewhat soluble even in water. Accord- 
ing to Girard (Compt. rend, xxxir. 22; Jahresb. 1852, p. 376), the salt obtained by 

K issing sulphurous oxido through water in which uranic oxide is suspended, and 
aving the solution to evaporate, contains (U 2 0 2 )"S0 S .4H 2 0. 

Uratious Sulphite . — A basic salt, Ur"S0*.Ur"H 2 0 2 .H 2 0, is precipitated, with 
evolution of sulphurous oxide, on mixing a solution of uranous chloride with sulphite 
of sodium. It has a grey-green colour, dissolves easily in acids, and, when heated, 
gives off sulphurous oxide and leaves uranoao-uranic oxide. 

Sulphite of Yttrium, Y"SO*, is a white powder, insoluble in water, slightly 
soluble in sulphurous acid. Its solution, wlien evaporated, yields crystals of yttric sul- 
phate. (Berlin, Pogg. Ann. xliii. 106.) 

Sulphite of Zinc, Zn"SOV2H v O (according to Fordos and G£lia), or 
2Zn"SO*.5lPO (according to Rammelsberg), crystallises, on evaporating a solution of 
aine-carbonate in sulphurous acid, in small sparingly soluble prisms having an un- 
pleasant astringent taste. It is precipitated from the aqueous solution by alcohol or 
ether in needle-shaped crystals. On exposure to the air, it is quickly converted into 
sulphate, and, when heated, gives off water and sulphurous oxide, leaving a residue of 
sulphate, sulphide, and oxide of zinc. 

An add sulphite of tine-ammonium , ^ ? 80 s , is obtained in crystalline crusts 

by dissolving zinc-sulphite in warm aqueous ammonia, and evaporating at a gentle 
beat. It smells of ammonia, and is decomposed by water, which dissolves out sul- 
phite of ammonium. (Rammelsberg.) 

Sulphite of Zirconium is a white powder, insoluble in water, somewhat soluble 
la sulphurous acid, and precipitated from the solution by boiling. (Berthier.) 
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Alcoholic Sulphites. Sulphurous Ethers, 


The two atoms of hydrogen in the molecule of sulphurous acid, O* may be 

partly or wholly replaced by monatomic alcohol-radicles, giving rise to acid and neutral 
sulphurous ethers, represented by the goneral formulae : 


(SO)" 

R.H 

Add. 




and 


(soy, 
R* L 

Neutral. 


O*. 


The acid ethers may also be regarded as compounds of sulphuric anhydride with 
hydrocarbons containing even numbers of hydrogen-atoms, and are sometimes designated 
as sulpho-acids, c.g . : 

Phenylsulphurous acid, | O* « C 8 H* SO®, Sulphobonzolic acid. 

No neutral sulphurous ethers are at present known of the form ^ but there 

is a group of acid ethers, derived from a double molecule of sulphurous 

acid, H 4 S*O a , by substitution of a diatomic alcohol-radicle for half the hydrogen. 
These are the so-called disulpho-acids, which may also be formulated as compounds 
of hydrocarbon with 2 at SO* e.q . : 

(SO)* } 

Phenylene-sulphurous acid, (C 8 H 4 )">0 4 = C*H 6 .2SO f , Disulphobenzolic acid. 


The acid sulphurous ethers of the monatomic alcohol-radiclcs, homo- 

logous with ethyl, are produced by the action of oxidising agents, especially of nitric 
acid, on the sulphides, sulphydrates, and sulphocyanates of the corresponding radicles; 
mcthylsulphurous acid also, by electrolytic reduction of its chlorinated derivatives 
(p. 555) ; these ethers do not appear to be formed by tho action of sulphurous acid 
on the corresponding alcohols. 

The acid sulphurous ethers of other alcohol-radicles (phenyl, naphthyl, &e.) are pro- 
duced by the action of strong sulphuric add on the corresponding hydrocarbons con- 
taining even numbers of hydrogen-atoms, e.g . : 

C*H* + H*S0 4 - 11*0 + (C 8 H*)HSO*. 

Benzene. Phony Uu||>hurou» 


All these ethers are monobasic acids, forming well-defined crystalline salts. The 
potassium-salts of phenylsulphurous and benzylsulphurous acid are decomposed by 
fusion with excess of potassic hydrate , yielding sulphate of potassium and the corre- 
sponding alcohols, phenol and cresol, e.g . : 

(C’lFJKSO® + KHO = K*SO* + (C T H*)HO. 

Benzyl ttilphf to Cresol. 

of potissium. 

The salts of all the acid sulphurous ethers are converted by pentachloride of phos- 
phorus into chlorides derived from the acid ethers by substitution of chlorine for 
hydroxyl, e.g. : 

Ethylsulphurous acid SO.CTPO.IIO, 

Ethylsulphurous chloride S0.C*H*0.C1. 

These chlorine-compounds, when enclosed in sealed tubes, gradually resolve them- 
selves into a chloride of the alcohol-radicle, RC1, and sulphurous oxide, SO* ; when 
heated with pentachloride of phosphorus, they are decomposed according to the general 
equation : 

RC1S0* + PCI 1 - SOCi* + RCl + P0C1*. 


They are converted by caustic potash into the original acid ethers ; by ammonia 
into amides ; by alcohols into the corresponding neutral ethers, e.g. : 

HC1 + (C*H‘) 3 SO* ; 

E thy He inl- 


and 


C*H*C1S0 + (C*H*)HO - 

EtbyUulphurou* 

chloride. 


C*BL*C1S0* + 

BtbyUalpburoui 

chloride. 


(CH*)HO - HC1 + 


(CH i VC , H*)80*. 

Mothylothyllc 

wlpbll*. 
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The 2 ? eu tral sulphurous eth era of the alcohol-radicles C*IF*+i aroalgomdnefA 
by the action of alcohols on disulphide of chlorine (see page 535), or on sulphu^ 
chloride ; in the latter case, according to the general equation : 

80 Cl* + 2{OH Jb+i )HO - 2HC1 + (OH 2 “ + ') a SO*. 

These neutral ethers are resolved by caustic alkalis into the corresponding alcohols 
and a sulphite of alkali-metal, e.g. : 

(C l H § )*SO* 4- 2KHO = 2(C 2 H 4 )HO + K 2 SO* 

But the neutral sulphurous ethers of other alcohol-radicles (phenyl, naphthyl, &c.) 
exhibit a different reaction with alkalis ; ethylic naphthylsulphite for example, when 
treated with potash, yields, not sulphite, but naphthylsulphite of potassium. (Carius, 
Ann. Ch. Pfmrm. cxiv. 140; Jahresb. 1860, p. 421.) 

The acid sulphurous ethers of diatomic alcohol-radicles — the so- 
called disulpho-acids, are obtained in some cases by the action of strong sulphuric 
acid upon hydrocarbons: thus, naphthylene-sulphurous or disulphonaphthalic acid, 
C ,fl H®S 2 0 8 , is produced in small quantity, together with naphthylsulphurous acid, by 
the action of sulphuric acid on naphthalene. More frequently, however, they are pro- 
duced by the action of fuming sulphuric acid on the cyanides of the alcohol-radicles 
(nitriles), (or on the corresponding amides, which differ therefrom by addition of 1 at. 
H 2 0) : thus phenylic cyanide or benzonitrile, treated with fuming sulphuric acid, yields 
phenylenesulphurous or disulphohenzolic acid : 

COPN + 311*80* - C fl H a S 2 0* 4- (NH 4 )HS0 4 + CO 2 . 

The formation of ethylene-sulphurous acid, and its homologues, may be represented 
by the general equation : 

C»H 2 "+ l .CN + 3H 2 S0 4 - (C n H>)H 2 S 2 0* + (NH 4 )HS0 4 + CO*. 

They are also produced by the oxidation of the sulphocarbonates of diatomic alcohol- 
radicles ; e.g., ethylene-sulphurous acid, (C*I1 4 )11 !, S*0*, by the action of nitric acid on 
ethylenic disulphocarbonate or trisulphocarbonate (p. 602). 

These ethers are dibasic acids, forming acid and neutral salts. 



a. Sulphurous Ethers containing Monatomic Alcohol-radicles. 


(SO)^ 

Amyliulpbarons Aoid, C 3 II 12 SO* = (C 5 H 31 )IISO s = C 4 H n Co z . (Ge- 

H » 

rathewohl, J. pr. Chem.xxxiv.447. — O. IT e nry, Jun., Ann.Ch.Phys. [3], xxv. 246. — 
Medlock, Ann. Ch. Pharm. lxix. 225.) — This acid is produced by the action of nitric 
acid on the sulphydrato, disulphide, and sulpliocyamite of amyl. When amyl-mer- 
captan is added by smull portions to gently heated nitric acid of specific gravity 1*26, 
two layers of liquid are obtained, the uppfcr of which is oily, and of variable compo- 
sition — the lower watery, and consisting of amyl sulphurous acid mixed with nitric acid ; 
and on evaporating the latter over the water-bath till the odour of nitrous acid is no 
longer perceptible, a thick colourless syrup is left, consisting of impure amylsulphurous 
acid. This product may be used to prepare most of the amylsulphites, inasmuch as on 
treating the resulting salts with boiling alcohol, the araylsulphite dissolves, while the 
small quantity of sulphate with which it iB mixed remains behind. 

The pure acid is obtained by decomposing the lead-salt with sulphuretted hydrogen, 
and evaporating the filtrate, as a very acid syrup, having a peculiar odour. According 
to Gerathewohl, it does not crystallise even in a vacuum over oil of vitriol. Medlock, 
however, obtained it rb a deliquescent crystalline mass. 

The amylsulphites of ammonium , potassium, and calcium , crystallise in colourless 
laminae, insoluble in water and in alcohol. — The barium-salt, C ,4 H”Ba"S , 0 4 , forms 
transparent unctuous scales, which gyrate upon water like amylsulphate or butyrate 
of barium. It burns in rather strong heat Without decomposing. — The copper-salt 
forms bluish-green tables ; the lead-salt, C^H^PV'SK)*, colourless laminae containing 
water of crystallisation, which they give off at 120°. — The silver-salt , C*H ll AgSO a , crys- 
tallises from a moderately concentrated solution in very fine colourless rhombic p late s. 


Duktlic or Kbutral Amtlic Sulphite, (C 5 H ,i ) 2 SO*. (Carius, Ann. 
Ch. Pharm. cvi. 291 ; c*i. 97 ; Jahresb. 1868, p. 26; 1869, p. 88.) — Produced by the 
action of disulphide of chlorine or sulphurous chloride, (SO Cl 2 ), on amylic alcohol, the 
decomposition in both cases being similar to that which takes place in the preparation 
of ethylic sulphite (p. 664). The second process is the easier of the two; 1 at. sul- 
phurous chloride being added to 2 at. axuylic alcohol, and the resulting liquid freed 
from hydrochloric acid by passing a stream of carbonic dioxide through* it. 

Amyl ie sulphito fhus prepared is a nearly colourless oily liquid, smelling like amylic 
alcohol and ethylic sulphite, givin^off sulphurous acid on exposure to moist air, -and 
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acquiring a red or brown eo’our. It is decompoaad by water, and more onicklv bv ; 
aqueous alkalis, into amylsnl^hnrons acid and anylic alcohol. When heaLd ,f„ _* 
lS?f ln , con . tac * w . lt f}.£ >e wr ' 11 begins to decompose into amylic alcohol and sulphurous 
^idin Ht £o“-2fi£ 8M * * “ ay ’ f ” ** m ° St *“»■ * <b.tiU«d witooutdZm! 


BensjUnlphiiroiu Add/ CTPSO* 


- ggT}, 


O*. Tvluenyhulphurous, Sul- 


photolvic , Sulphotoluenic, Sidphibencylic, or Sulphobcmoinic Acid. fH.Devillo Arm 
Ch. Fhys.t3l.ni. Froduced by tho action of fuming sulphuric acid on toluene 

(benzyhc hydnde, 1 . 67 3), f and purified by conversion into a lead-salt, separation by 
sulpbydncacid, and concentration in a vacuum. It. crystallises in small veiy deliquescent 
lam in® 

Benzyhulphite of ammonium crystallises in small stars ; the potassium-salt in very 
soluble anhydrous lamina ; the barium-salt, C ,# H H Ba"S*0*, in crystalline scales very 
soluble in water, but not deliquescent. — Tho hud-salt is very soluble. 

The benzylsulphites do not precipitate argentic or cupric nitrate. 


Cumenylsulplmroua Aold, C’MF-SO* 


(SO)") 

C-IF’fO, Sul phocumenic Acid t (Ger- 

hardt and Cahours, Ann. Ch. Phys. [3], i. 87.) — Prepared by adding about 1 pt. of 
cumene to 2 pts. fuming sulphuric acid, and agitating till the whole is dissolved. — The 
barium-salt, O^II^Fa^SW, obtained by saturating the acid solution with carbonate of 
barium, crystallises in a mass of nacreous very brilliant lamina*, resembling fish-scales. 
Its solution is not decomposed by boiling, and does nut precipitate tho solution of 
calcic chloride, plumbic acetute, mercuric chloride, cupric chloride, nickel-chloride, or 
bismuth-chloride. 


EtliyUmlpburouB Etbers. — Throe of these compounds arc known: viz., ethyl- 
sulphurous acid, produced by tho action of oxidising agents on sulphydrate and 
sulphocyanate of ethyl ; — ethyl sulph u rou s chloride, by the action of phosphoric 
oxychloride on metallic ethylsulphites ; — and neutral ethyl ic sulphite, by tho 
action of alcohol on disulphide of chlorine, sulphurous chloride, or ethylsulphurous 
chloride. 


Ethylsdlphurous Acid, C z H°SO a = (C*IP)IISO*. Sulphctholio Acid . 
Hyposulphcthylxc Add. (Lbwig and W ei dmuu n, Fogg. Ann. xlvii. 163; xlix. 329.— 
K opp, Ann. Ch. Fharm. xxxv. 346. — Mu sprat t, ('hem. Sue. Qu. J. iii. 18; Compt. 
Ohim. 1848, p. 10.) — This acid is prod u cod : — 1. By the prolonged action of nitric 
acid (specific gravity = 1'23) on mercaptan. The resulting liquid is evaporated, 
diluted with water, neutralised with carbonate of lead, filtered, and concentrated; 
the lead-salt, after crystallisation, is decomposed by sulphydric acid ; and the filtrate 
concentrated by evaporation. — 2. By the action of moderately dilute nitric acid on 
ethylic sulphocyanate. The liquid is cohobatod five or six times, then evaporated to a 
syrup, which after dilution is saturated with carbonate of barium ; and the barium- 
salt thus obtained is decomposed by sulphuric acid. In both modes of preparation 
sulphuric acid is formed as well as ethylsulphurous acid, and in greater quantity as 
the nitric acid is more concentrated. — 3. I3y treating ethylic sulphocyanate with a 
mixture of hydrochloric acid and potass ic chlorate. 

Ethylsulphurous acid concentrated by evaporation forms a heavy oil, of specific 
gr.ivity 1*30, in which limpid crystals gradually form, especially at low temperatures. 
It has no smell, but a very sour taste, with disagreeable aftertaste, like that of phos* 
phoretted hydrogen. It dissolves in all proportions in water and in alcohol , and 
absorbs moisture from the air. It. bears a rather high temperature without decompo- 
sition, but if very strongly heated, gives off sulphuric acid and sulphurous anhydride. 
Fused with hydrate of potassium, it yields a product from which hydrochloric or sul- 
phuric acid eliminates a large quantity of sulphurous acid. 

The ethylsulphites, CPJEFMSO 1 , are solublo in water and in alcohol, and have 
a disagreeable taste, like that of the acid. They decompose when strongly heated, 
turning black, giving off sulphurous anhydride, together with fetid sulphurous vapours, 
which burn with a violent flame, and leaving a carbonaceous residue containing 
metallic sulphide and sulphat e. — The ammonium-salt crystallises in very deliquescent 
tablets. — The potassium-salt, C*H*XSO* (at 120°) forms lamellar, opaque, deliquescent 
crystals, sparingly soluble in cold, more soluble in boiling alcohol. It gives off 676 
per cent, water at 120°. and decomposes at a higher temperature — The sodium-salt * 


• Tbs term bentrl so 1 pbttr ou • setd Is applied bf Kolbe to the compound C*H*SO*, mors 
properly called pheajfiMttahuroua or lulpb •phenv He hydnde <p. WS ». ’ 


t There is Burned, sc the 
aide. 


time, a cfjsuilloe substance, probably homajpaa wfth lulihoben- 
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C*BPNaSO*jrH*0, forms deliquescent crystals, exhibiting similar characters. — The 
barium-salt, C 4 H I# Ba"S 2 0*.H a 0, is extremely soluble, but may be obtained in fine 
rhomboidal prisms by slow evaporation of a very concentrated solution. It gives off 
its water at 100°, dissolves very easily in hydrated alcohol, but is insoluble in absolute 
alcohol, which precipitates it from a strong aqueous solution in silky needles. — The 
calcium-salt, Cil^'Ca^O* (at 100°), forms limpid crystals resembling the barium- 
salt, very soluble in water and in alcohol. — The magnesium-salt crystallises by cooling 
in hydrated prisms. — The cupric salt , C 4 H 10 Cu"S*O*.5H s O, forms light-blue prisms, 
becoming anhydrous at 120°. — The ferrous salt, formed by dissolving metallic iron in 
a boiling concentrated solution of the acid, crystallises on cooling in colourless prisms. 
—The manganese-salt forms colourless needles. — The lead-salt , C 4 H'°Pb"S*0* (at 
100°), crystallises from a hot concentrated solution in fine colourless plates. — The 
silver-salt , obtained by saturating the boiling aqueous acid with carbonate of silver, 
forms colourless laminae. — The nine-salt forms colourless dendritic crystals, efflorescing 
in dry air, but absorbing moisture in damp air. The crystallised salt melts when 
heated, and solidifies in a crystalline mass on cooling. It gives off 872 per cent. (2 
at.) water at 120°, and 22*96 per cent. (3 at.) more at 180°. 

Ethyi-sulphubousChiobide, C 8 H S C1S0 2 . (Gerliardtand Chan cel. Com pt. 
rend. xxxv. 691.) — This compound, derived from ethylsulphurous acid by substitution 
of Cl for HO, is easily obtained by distilling etliylaulphite of sodium with excess of 
phosphoric oxychloride. It is a colourless, siightly fuming liquid, insoluble in water , very 
soluble in Mcokol \ having a specific gravity of 1*357 at 22*6°, and boiling at 171°. 
Caustic potash converts it into n mixture of potassic chloride and ethyl.sulphite (Oor- 
hardt and Chancel). — When kept in a sealed tube, it is gradually resolved into 
ethylic chloride and sulphurous anhydride. Heated with pentachloride of phosphorus 
to 120° in a sealed tube, it yields sulphurous chloride, ethylic chloride, and phosphoric 
oxychloride : 

otpciso* + pci 4 - soci* + c 2 H a ci + pocr. 

Alcohol converts it into neutral ethylic sulphite. (C’ariu s.) 

Dibthyiic Stilphitb, (C'-H^SO*. Neutral Ethylic Sulphite. Sulphurous Ether. 
(Ebelmen and Bouquet, Ann. Ch. Phys. [3], xvii. 66. — Carius, Ann. Ch. Phurm. 
cvi. 291; cxi. 93; Jahresb. 1858, p. 94; 1859, p. 87.) — This ether is produced : — 

1. By the action of absolute alcohol on disulphide of chlorine. According to Carius, 
the first products are sulphurous chloride and ethylic sulphydrate : 

S»C1* + CTPO = SOCI 1 + C*H«S; 

and these, by their mutual action, produce ethylic sulphite, together with ethylic chloride, 
hydrochloric acid, and free sulphur : 

3SOC1* 4- 4(C 3 H ft )HS - (C 2 H 4 )*SO* + 2CHPCL + 4HC1 + S\ 

The alcohol is to be added in excess to the sulphide of chlorine (Carius) ; the liquid 
filtered from the precipitated sulphur is distilled ; and the portion which goes over, 
between 160° and 170°, is collected apart. (Ebelman and Bouquet.) 

2. By the action of sulphurous chloride on alcohol : 

SOCI* + 2(C a H 5 )HO - 2HC1 + (C*H 4 )*SO*. 

The alcohol must be perfectly anhydrous, and added by drops to the sulphurous 
chloride; but the result is not affected by the proportions in which the two substances 
are ultimately mixed. (Carius.) 

3. By the action of absolute alcohol on ethylsulphurous chloride (Cariu s) : 

C*H a ClSO* + (C*H 4 )HO - HC1 + (C a H 4 )*SO» 

Ethylic sulphite is a limpid colourless liquid, having an odour somewhat like that 
of mint. Boiling-point 160°. Specific gravity of liquid •» 1*085 at 16° ; of vapour 
— 4*78. It dissolves in all proportions in alcohol and ether ; water precipitates it 
from the solutions, and gradually decomposes it. — Chlorine attacks it strongly, and in 
bright sunshine forms crystals of trichloride of carbon, C*C1*, together with a strongly 
fuming liqnid containing trichloracetic chloride and chloride of sulphuryl (Ebelmen 
and Bouquet). — By aqueous alkalis or alkaline carbonates, it is quickly decomposed 
into alcohol and an alkaline sulphite. On adding to a dilate solution of the ether in 
anhydrous alcohol, a quantity of a solution of potassic hydrate in absolute alcohol, not 
sufficient to decompose it completely, a precipitate is formed, consisting of potassic 
ethyl sulphite. When its alcoholic solution is saturated with dry ammonia-gas, and 
heated to 1.20 — 140° in a sealed tube, laminar crystals of neutral ammonium-sulphite 
separate on slow cooling, and the liquid separated therefrom contaius ethy lamina: 

(OTWCM + 4NH* - (NH 4 )*SO* » 2(C*H 4 )H*N. 
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If the alcoholic eolation be eatnraM|«ith tthylamine instead of nmm/mi. the pro- 
ducts are diethyUmine and sulphite of ethylamine (Carius). — Et hylic sulphite is 
strongly attached by pentachloride of phosphorus , yielding sulphurous chloride, phos- 
phoric oxychloride, and ethyiic chloride (Carius): 

(OTPJ'SO* + 2PC1* - SOC1* + 2C*IPC1 + 2POC1*. 

Ethyumtlic Sui.fhit*, C^SO 1 - (Carius,foc.ctT)— Produced 

by the action of ethylsulphurous chloride on amylate of sodium: 

C*H»C1S0* + C°H n NaO ^ NaCl + (C a H B )(C*H»)SO # . 
Ethylsulphurous chloride is added to amylic alcohol containing an equivalent quantity 
of sodium in solution, and the liquid separated from the precipitated chloride of 
sodium is freed from excess of amylic alcohol by passing a stream of carbonic di- 
oxide through it. 

The compound may also be formed by heating ethylsulphurous chloride with 
amylic alcohol in a sealed tube to 120°; but the hydrochloric acid formed in the 
reaction acts on another portion of the amylic alcohol, aud the water thereby produced 
decomposes* the greater part of the double ether. 

Ethylamylic sulphite is a faintly yellowish oily liquid, boiling with partial decom- 
position between 210° and 225°, and resembling amylic sulphite in all its reactions. 

Methyl sulphurous Zithers. — There are three compounds of this group, cor- 
responding exactly to the ethylsulphurous ethers : viz., methylsulphurous acid, methyl- 
sulpliurous chloride, and neutral methylic sulphite; also a methylothylic sulphite. 

Methylsulphurous Acid, CH«SO* *= (CH*)HSO*. Snip hometholic, Methyl- 
dithfonic* or Sulphomethyf sulphuric Acid. (Kolbo, Ann. Ch. Plinrm. liv. 174. — Mus- 
pratt, ibid. lxv. 751 ; Chern. Soc. Qu. J. iii. 22.) — This acid, discovered by Kolbo in 
1845, together with its three chlorinated derivatives, CH^CISO", CJIHJI’SO*, and 
CHCPSO*, is produced : 1. By the electrolytic reduction of either of those chlorinated 
acids ; 2. By the action of nitric acid ou sulphoeyanate or disulphide of methyl, tho 
operation being conducted in the same manner as for tho preparation of ethylsulphurous 
acid ^p. 553). (Muspratt.) 

Preparation from Trirklorometkyla ulph u rous Arid. 1. A perfectly neutral solu- 
tion of potassic trichloromethylsulphito (p. 558), is decomposed by tho current of a 
two-pair Bunsen’s battery, the electrodes being formed of amalgamated zinc. Tho 
reduction takes place at first with great rise of temperature, but quietly, no hydrogon 
being evolved at the negative pole till nearly tho wholo of the trichlorumcthylaulphite 
is converted into metliylsulphite. After an hours action of the battery, the liquid 
becomes so much charged with chloride of zinc, that zinc is deposited at the negative 
]k)Io. Tlio zinc is then precipitated by carbonate of potassium at the boiling heat ; 
the filtrate evaporated to its former bulk, and the current again made to act upon it, 
till the quantity of carbonate of zinc (resulting from precipitation of the chloride of 
zinc, as it forms, by the excess of potassic carbonate) increases to such an amount, that 
zinc is reduced at the negative pole. The solution is then again precipitated by carbon- 
ate of potassium, and the process repeated. The evolution of hydrogen at the negative 
polo does not begin till 64 pts. of zinc (to 100 pts. of CCI’KiSO*) have been dissolved 
at the positivo pole. The liquid, in addition to methylsulphite, contains chloromethyl- 
sulphite, and a very large quantity of chloride of potassium. It must, therefore, be 
evaporated to dryuess ; the residue boiled with alcohol of 80 per cent.. Altered from 
tho chloride of potassium, which for the most part remains undissolved; the alcohol 
distilled off; and the residue, after being diluted with water and mixed with car- 
l>ouate of potassium, again subjected to the action of the current till the evolution of 
hydrogen becomes very brisk. This galvanic decomposition (for 70 grammes of tri- 
chloromethylsulphite) occupies altogether about ten hours. — 2. An amalgam of 1 pt. 
potassium and 100 pts. mercury is immersed in the aqueous solution of potassic tri- 
chloromethylsulphite. Great heat is then evolved, and raetbylsulphite of potassium is 
formed, together with hydrate and chloride : 

CC1*KS0» 4* 3IFO + K* - CH’XSO 1 + 3KC1 + 8KHO. 

No hydrogen is. evolved till the transformation is complete. 

Methylsulphurous acid is extracted from its potassium-salt in tho same manner a* 
the corresponding chlorinated acids (p. 557). It forms a thick inodorous liquid, which 
bears without decomposition a temperature above 300°. It is a strong acid, and forma 
well-defined salts. 

The methyl sulphites are soluble in water, and cmtallisable ; they are decom- 
posed by calcination into metallic sulphide, charcoal, carbonic oxide, and fetid gaseous 
products containing sulphur. 
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The ammonium-talt forms long deliquescflSBBfejs. — The p&assium-salt, CH*KSoi' 
(at 100°), crystallises from solution m of 90 pep cent., in a thick pulp 

of interlacea needles. It becomes moist in toe air, but does not deliquesce; it* 
aqueous solution is neutral to test-papers. — An acid salt , CH’KSO* CH 4 SO s (at 100-), 
is obtained by leaving a solution of the neutral salt in methylsulphurous acid to 
evaporate in a vacuum oyer oil of vitriol. It forms deliquescent quadrilateral prisms, 
which strongly redden litmus. 

The barium-salt , C z U 8 Ba"S*0 fl (at 100°), forms rhombic transparent tablets, per- 
manent in the air ; it is precipitated from its aqueous solution by alcohol in shining 
slender needles. — The cupric salt, C*H e Cu"S*0*.5H*0, forms ‘beautiful very soluble 
crystals. — The lead-salt, C a H # Pb'‘S !{ 0 8 .H a 0, obtained by neutralising methyl sulphurous 
acid with carbonate of lead, crystallises in large rhomboidai prisms, which are per- 
manent in the air, and give off their water of crystallisation at 100°. — A basic lead-salt , 
C*H 8 Pb''S 2 0 8 .2Pb"0 (at 100°), is obtained by boiling the neutral Balt 'with oxide of 
lead, and evaporating in a vacuum, as a white amorphous mass, the solution of which 
is precipitated by carbonic acid. 

The silver-salt, CH 3 AgS0 9 , crystallises readily in thin anhydrous laminae, having an 
acid reaction and sweetish taste, and not very easily altered by exposure feo light; the 
solution may be evaporated by heat without decomposition. 

Mktkyisulphukous Chloride, CH*ClSO*. (Cari us, Ann. Ch. Pharm. cxiv. 
140; Jahresb. 1860, p. 422.) — Prepared by heating methyl sulphurous acid with twice 
its weight of phosphoric pentachlonde, adding a little more of the latter, and isolating 
by fractional distillation the portion of the product which boils between 150° and 153°. 
When freshly prepared it is a colourless liquid, having an odour like that of neutral 
ethylic sulphite, but likewise sharp, and exciting sneezing. It fumes slightly in the 
air, sinks in water, and is slowly decomposed thereby, yielding hydrochloric and 
me thyl sul phu rous acid. 

Dimbthylio or Nrutral Methylic Sulphite, (CII 3 ) 2 .SO s . (Carius, Ann. 
Ch. Pharm. cx. 209 ; cxi. 93 ; Jahresb. 1809, p. 86.) — Produced by tho action of mcthylic 
alcohol on disulphide of chlorine or on sulphurous chloride, also by that of methylic 
alcohol on methylsulphurous chlorido, the reactions being exactly similar to those by 
which ethylic sulphite is obtained (p. 564). 

It is a colourless liquid, boiling at 12P5°, under a barometric pressure of 755*4 mm. 
Specific gravity of liquid = 1 0456 at 16*2° (compared with that of water at 4° as 
unity) : of vapour, obs. — 3*655 to 3 703 ; calc. = 3 796. When not decomposed by 
exposure to moist air, it has an agreeable odour resembling that of ethylic sulphate. 

It dissolves in all proportions in alcohol and ether ; slightly in water, wilh evolu- 
tion of sulphurous oxide and formation of methylic alcohol ; and reacts with alkalis, 
ammonia, and pentacliloridc of phosphorus, exactly like ethylic sulphite. 

Mjbthtljsthylic Sulphite, C*lPSO* = (CH*)(OTP)SO a . (Carius, Ann. Ch. 
Pharm. cxi. 93; Jahresb. 1859, p. 88.) — Produced by the action of ethyl sulphurous 
chloride on methylate of sodium, the mode of preparation being similar to that of 
ethylamylic sulphite (p. 554). It is a colourless fragrant liquid, which, on exposure to 
the air, takes up water and gives off sulphurous acid. Boiling-point 140° to 141*5°. 
Specific gravity of the liquid = 1*0676 at 18° (water at 4° = 1); of the vapour =» 
4*3045. Its reactions are similar to those of ethylic and methylic sulphite. 

Chlorinated Methylsulphurous Acids . 

Three chlorinated acids are known, derived from methylsulphurous acid by the sub- 
stitution of one, two, and three atoms of chlorine for hydrogen. 

Cklorohbthtlsulphusous Acid, CH^CISO 1 — (CH 2 Cl)HSO*. CJtforo- 
met hyldit bionic Acid, Chlorelayl-ht/posulphuric Acid, (Kolbe, Ann. Ch. Pharm. liv. 
174.) — Produced by the partial dechlorination of dichloromethylsulphurous acid, by 
means of the electric current. To prepare it, the aqueous solution of potassic dichloro- 
methylsulphite, CHKC1SO* (p, 557), is mixed with sulphuric acid, and digested with 
sine - till saturated therewith. The solution is then left to cool, and decanted from the 
crystallised aincate of potassium ; the rest of the sine is thrown down from it by boiling 
with carbonate of potassium ; the filtrate is evaporated ; and the residue pounded and 
boiled with alcohol of 80 per cent. On evaporation, chloromethylsulphite of potassium 
is obtained, mixed however with a considerable quantity of unaltered a i chloromethyl- 
sulphite. It must therefore be again treated, as above, with sulphuric acid and sine ; 
ana on subsequent treatment with alcohol, but little of the latter salt will remain. 
To convert this portion likewise, the aqueous solution of the residue, acidulated with 
a small quantity of suli&tmg arid, is exposed to the action of two elements of Bnn- 
sen’s sinc-carbon current being conducted into the solution by two 
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ami»lgsnuiAe*l linc-plAtill till tho Vwjj^ln of hydrogen at the negatiro pole oeaoffl, 
anil zinc is deposited upon it. TUmne is then precipitated from the solution by 
carbonate of potassium j the filtrate simulated with sulphuric acid and again exposed to 
t lie electric current; the solution again precipitated with carbonate of potassium ; and 
these operations repeated three or four times, till the whole of the salt is converted 
into CClH 2 KSO* — that is to say, till the salt, when ignited, no longer gives off hydro- 
chloric acid, inasmuch as this acid is evolved from the dichlorinutcd but not from 
the monochlori nated salt. To ascertain whether the conversion is complete, a sample 
of the solution is evaporated to dryness, and exhausted by boiling with absolute 
alcohol ; the crystals, which separate from the alcoholic solution on cooling, are dried 
and heated in a test-tube ; and the condensed drops are mixed with solution of silver. 
There is no method of separating the two salts. The liquid subjected to I lie action of 
the current must always contain free sulphuric acid; otherwise the cliloroni ethyls ul- 
phito will be further converted into mcthylsulphito. As soon as the diehloromethyl- 
►ulpUite lias completely disappeared, the liquid is treated with carbonate of potassium 
to precipitate the zinc ; the filtrate evaporated to dryness; the residual mass boiled 
with alcohol of 80 per cent., which leaves behind the sulphate, and the greater part 
of the chloride of potassium ; tho potassium is precipitated from the alcoholic filtrate 
by sulphuric acid in slight excess; the filtrate evaporated till the boiling- point rises to 
130°, and all the hydrochloric acid is expelled ; tho viscid residue diluted with water; 
the solution saturated with carbonate of lead, and filtered from the insoluble sulphate 
of lead ; and the filtrate, freed from lead by sulphuretted hydrogen, is again filtered, and 
concentrated by evaporation. Tho residue is the concentrated aqueous acid, 011*0180'. 

Chloromethylsulphurous acid is a thiekish liquid, syrupy at 1G° ; strongly acid; 
yields no crystals ; sustains a heat of 140° without decomposition. 

The cli loromethylsul phitos are all soluble in water, and most of them are 
eryst alii sable. — Tho ammonmm-saH crystallises, by slow evaporation, in deliquescent 
prisms. — The potassium-salt, CH’KOISO 3 , crystallises in needles from a hot saturated 
solution in alcohol of 96 per cent., the liquid thereby becoming semi-solid. The 
ue cilles pressed between paper, and dried at 100°, are anhydrous ; at a rod heat, they 
give off water and sulphurous oxide, with a trace of sulphur, and leave chloride of 
potassium murk blackened by charcoal : 

CIi a KClSO* « KCl + C + HO 4- so*. 

The salt becomes moist in the air, but does not deliquesce. It does not dissolvo in 
absolute alcohol. 

The sodium-salt crystallises from boiling alcohol of 96 per cent.., in needles united 
in stellate groups, and deliquescent in the air. — Tin* barium-salt forms small rhombic 
tables, which redden litmus faintly, and have a cooling saline taste. 

1, <<u{-snlf, CTITV'CPS-O- (nt 100°). — The aqueous acid, saturated with carbonate of 
lead, find evaporated over oil of vitriol, yields delicate silky noodles, united in tufts. 
After being pressed between paper and dried over oil of vitriol, they appear dull and 
opaque, and retain 3*7 per cent. (1 at.) wat^r, which escapes at 100°. — The salt dis- 
solves very readily in water, forming a solution which reddens litmus, and tastes sweet 
at first, but afterwards astringent. 

Tho solution boiled with lend -oxide yields nn alkaline filtrate, which deposits car- 
bonate of lead on exposure to the air. 

Silver-salt. — Tho saturated solution of carbonate of silver in tho aqueous acid, 
evaporated over oil of vitriol in vacuo and in tho dark, leaves a pale-yellow viscid 
liquid, which with difficulty yields small crystals, having a slight acid reaction, a 
sweetish and disagreeably metallic taste, and very sensitive to light and heat. 

DlCHtOBOMKTHTLSULPHCBOUB A C I D, CH'Cl'BO* ■* (CIIC1* )IISO\ IHchfoTO- 
'lurt hijld ithionic or Chlorofo rmyl - hypos alpha ro u s Arid. (Kolbe, loc. cit .) — This acid if 
obtained: — 1. As a zinc-salt, by dissolving zinc in trichloromethyl sulphurous acid : 

2CHC1*S0* + Zn* J C a H*Cl 4 Zn"S*0* + Zn"Cl 2 . 

The zinc is precipitated from the resulting solution by carbonate of potassium ; the 
filtrate evaporated to dryness ; and the residue is boiled with alcohol of 96 per cent.: 
the solution, as it cools, deposits crystals of potassic dicbloromethyl sulphite* 

2. More easily, as a potassium-salt* by boiling dichloromethylsulphurous chloride^ 
CHCl*SO s (p. 659), witn potash : 

. CHCTSO* + KHO « CHC1*KS0* + HC1. 

The excess of potash is neutralised with carbonic acid ; the liquid evaporated to dry- 
ness ; and the dichloromethylsulphite of potassium if separated from chloride of potas- 
sium by boiling spirit (as iu the first methodX and ftt#£er purified by recrystallisatiou 
from, water, till it no longer gives a cloud with nitratplff Silver; 

: ■ me-- J - 
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To obtain the acid from the potassium-salt* t0|feoho^c5<3®|ion of this salt is mixed 
with sulphuric acid; and the liquid filtered ffoift tpe sulphate of potassium is evapo- 
rated as far as possible without decomposition, and, ^ chloride of potassium be present, 
till all the hydrochloric acid is driven off. The sulphuric acid is then precipitated 
from the filtrate by baryta- water, added exactly in the right proportion ; the filtrate 
evaporated as far as possible ; and the residue exhausted by boiling ether, which 
leaves undissolved any salt that may still be present, and on evaporation leaves the acid 
in the form of a coloured liquid. To decolorise this acid, oxide of lead is dissolved in 
it, the lead precipitated by sulphuretted hydrogen, and the liquid filtered* The 
col ourin ..-matter remains with the sulphide of lead, and the filtrate, evaporated in 
vacuo, leaves the crystallised acid. 

Dichloromethyleulphurous acid crystallises by evaporation in a vacuum, in small, 
colourless, deliquescent prisms. Its properties are very much like those of triehloro- 
methylsulphurous acid. It decomposes chlorides, sustains a heat of 140° without 
alteration, but melts at a higher temperature, with evolution of white vapours and 
separation of carbon. It is not oxidised by nitric, nitromuriatie, or chromic acid. It 
dissolves zinc with evolution of hydrogen, forming dichloromethylsulphite, and like- 
wise monocliloromethylsulphite of zinc. The quantity of the latter salt is grealer as 
the evolution of hydrogen is kept up for a longer time by continual addition of sul- 
phuric acid ; its formation is represented by the equation : 

2C1FC1 2 S0* + Zn* « Zn"Cl 2 + C*H 4 Cl 2 Zn"S 2 0\ 

The dichlorometliylsulphites are soluble in water, some of them also in 
alcohol. They are distinguished from the chloromethylsulphites by giving off hydro- 
chloric acid by dry distillation, together with sulphurous and carbonic anhydrides ; the 
residue consists of metallic chloride slightly coloured by charcoal : 

2CHCl*KSO* « 2KC1 + C + 2S0 2 + CO 2 + 2HC1. 

Carbonic oxide is also found among the gaseous products, being probably formed by 
tile action of the free carbon on the carbonic anhydride. 

The ammonium-salt crystallises by spontaneous evaporation in colourless prisms, 
permanent in the air, and often an inch long. — The potassium-salt , CJHCl'KSO*, forms 
small pearly scales. It dissolves in water and in boiling alcohol, but not in cold 
absolute alcohol. It is permanent in the air, neutral to test-papers, and has a slightly 
saline taste. It bears a heat of 250° without decomposition, but at higher tempera- 
tures it is decomposed in tlio manner above mentioned. — The siltvrsalt, CIICl 2 AgSO a , 
obtained by neutralising the acid with carbonate of silver, is very sensitive to light 
and heat. When protected therefrom, it may be obtained by evaporation in a vacuum, 
in small transparent crystals, which may be heated to 160° without decomposing. 

T n i c h n o u o m k t h y l s u n r h u it o u 8 A c 1 1 >. ( CCl*)HSO a . Trichkrromcthyld itkionic 
or Chloroi -arbohyposu Iphttric A c id. (Kolbe, loc. cit .) — Obtained as a potassium — or 
barium-salt, by gently heating trichloromethylsulphurous chloride, CC1 4 30* (p. 669), 
with potash or baryta ; and isolated by decomposing the barium-salt with sulphuric 
acid, removing the excess of sulphuric acid with carbonate of lead, and the excess of 
lead by sulphydric acid. 

The acid crystallises by evaporation in small colourless prisms, containing 
CHCPSOMI’O. The crystals, dried in a vacuum, yield a colourless deliquescent 
mast, difficult to dry completely. It melts at 130’' in its water of crystallisation, and 
begins to boil at 160°, partly volatilising; while another part is completely resolved 
into hydrochloric acid, sulphurous oxide, and chloride of carbonyl (phosgene-gas) : 

CHCl*SO* - HC1 + SO» + COC1*. 

It easily dissolves zinc, with evolution of hydrogen, yielding dichloromethylsulphite of 
sine. It is not attacked by boiling with fuming nitric, nitromuriatie, or chromic acid. 
It decomposes all salts of volatile acids, even the chlorides. 

The aqueous acid is converted, by a small quantity of potassium-amalgam (1 pt. 
potassium to 100 pts. mercury), into dichloromethylsulphite of potassium ; with a larger 
quantity of the amalgam, the mouochlorinated salt is formed, and with & still larger 
quantity, the methylsulphite. 

The trichlordmetnylsulphites are soluble in water and in alcohol, and have 
an astringent metallic taste. When calcined they decompose like the acid, giving off 
sulphurous oxide and phosgene, and leaving a residue of chloride. The evolution of 
phosgene distinguishes the trichloromethylsulphites from the monoehlorinated and 
dichlorinated salts. 

The ammonmmrsa# forms large regular prisms, permanent in the air, and resolved 
by heat into sal-ammoniac, sulphurous oxide, and phosgene. — The potassium-salt, 
prepared as above, and punned by xecrystallisation, forms thin transparent plates* 
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which hare a harsh disagreeable teftte, effloresce on exposure to the air, and give off 
71 percent (1 at.) water *100*. It may be heated to 300° without decomposition, 
but decomposes at a higher temperature iu the manner above mentioned. In aqueous 
solution it is converted by electrolysis, if no free acid is present, into methylsulphite of 
potassium (p. 555). 

The sodium-salt , obtained like the potassium-salt* forms thin rhombic tables, which 
effloresce readily, and aro more soluble in water than the potassium -salt. — The Ixtrium- 
salt , C-Cl 6 Ba''S : 0 a .I]*0, prepared as above, crystallises on cooling from a hot aqueous 
Holution, in small colourless laminae, but by spontaneous evaporation in tables of larger 
size. The crystals dried at 100° still retain 3-06 per cent. (1 at.) water, which escapes 
at 100°. 

The lead-salt, C*Oi B Pb"S 3 0* 2H*0, crystallises by spontaneous evaporation of the 
aqueous solution in broad tables, which redden litmus, and have a sweetish rough taste; 
they contain 6T per cent. (1 at.) of water, which escape at 100° ; decomposition begins 
at io0°. The aqueous solution boiled with oxide of lead, yields an alkaline filtrate, 
which is precipitated by the carbonic acid of the air, and when evaporated in a vacuum 
leaves an amorphous basic salt. 

The copper-salt forms small tables, permanent in the air, and containing 5 at. water, 
of which only 2 at, go off at 180° — the othor throe remaining till the suit begins to 
decompose. 

Silver-salt , CCl’AgSO*. — Tho aqueous solution evaporated in a vacuum, and protected 
from light, yields transparent and colourless prisms, which redden litmus, have a 
sweetish metallic taste, blacken on exposure to the light; and likewise when their 
aqueous solution is boiled. But when freed, by heating to 100°, from the 2 at. water of 
crystallisation which they contain, they remain colourless in sunshine. 


Chloro m c t hyls u Iph u rents Chlorides. 


Two chlorides are known, derived from di- and tri-chloromethylsulphuroas acid, by 
substitution of Cl for HO. When they aro treated with alkalis, the reverse substitu- 
tion is effected, hydrochloric acid being evolved and tho iicid produced ; e. g . : 



Chloride. 


CIIC1*) 
(SO)” [ 

H \ 


O 

O. 


Acid. 


BiciiLoiiOMETHYi.sTjT.iMir rous Chloride, CHCl*SO*. (Kolbe, Ann. Cll. 
Pharro. liv. 153. — Gerhard t, Compt. chim. 1845, p. 197.) — This compound is formed 
by the action of reducing agents on trichloromcthylsulplmrous chloride. When a current 
of sulphurous oxide gas is passed through an alcoholic solution of the latter body, till the 
liquid no longer gives a precipitate with water, a solution is formed, containing — be- 
sides sulphurous acid — hydrochloric acid, sulphuric acid, and dichloromethylsulphurous 
chloride : 

CCl«SO* + SO* + 2 IPO - IIC1 + IPSO* + CIICPSO* 

This chloride cannot be completely separated from the bodies wilh which it is mixed, 
since it is very easily decomposed by evaporation, yielding phosgene-gas together with 
sulphuric and sulphurous acids. A small quantity spread out upon a surface soon fills 
tho atmosphere with suffocating vapours of phosgene and sulphurous oxide : 

CHCPSO* + O - COC1* + SO* + HC1. 

Chlorine passed into the aqueous solution reprecipitates trichloromethylous sulphide. — 
Bromine forms a similar precipitate, containing bromine as well as chlorine. — Iodine 
forms no precipitate. The aqueous solution boiled with potash yields chloride and 
dichloromethylsulphite of potassium. - 

This compound has not been obtained in the separate state, and therefore its com- 
position has not been determined bv analysis. Kolbe assigned to it the formula 
CCl*SO* {schwefligsauret Ko him chb trio ) ; the more probable view of its m position 
above given was suggested by Gerhardt. The two formula differ only by HC1. 

Trichlobomkthyxsulphubous Chloridi, CCl*SO*. Sulphite of Perckiorid* 
of Carbon. SchioejUgeaures Kohlensuperchlorid (Kolbe). Chlorunterechwejligsauree 
CMorJcoklsnoxyd (Berzelius).— This compound, discovered by Berzelius and 
Marcet (Schw. J. ix. 298), and further examined by Kolbe (Ann. Ch. Phann* nv. 
148), is produced by the action of moist chlorine on carbonic disulphide : 

CS* + 6C1* + 2H*0 - CCPSO* + SCI* + 4HC1. 

Kolbe prepares it by introducing into a stoppered bottle, having a capacity of about 
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six litres, a quantity of manganic peroxide and hydrochloric acid sufficient to fill about 
half of it, then adding about 60 grammes of carbonic, disulphide, and immediately 
closing the vessel. The mixture is left for several days in a cool place ; then, after 
frequent agitation, exposed to a temperature of about 30° (most conveniently to the 
rays of the sun in summer), till the greater part of the carbonic disulphide is trans- 
formed. The action is much facilitated by adding from 100 to 200 grms. -of commer- 
cial nitric acid. All danger of the vessel bursting from internal pressure may be 
obviated by lifting the stopper from time to time. The mixture is then transferred 
to a large glass fiask, and distilled in an oil-bath into a cooled receiver. Undecom- 
posed carbonic disulphide then passes over first, mixed with a yellowish fetid liquid ; and 
afterwards the trichloromethylsulphurous chloride, which attaches itself in crystals to 
the sides of the recefVer, but is easily detached by slight blows : 60 grms. of carbonic 
disulphide yield nearly 100 grms. of trichloromethylsulphurous chloride. 

This chloride is a white, crystalline, volatile body, insoluble in wdter and in acids, 
soluble in alcohol, ether, and carbonic disulphide ; its alcoholic solutionis precipitated 
by water. It melts at 136°, and boils without alteration at 170°; distils also with 
vapour of water. It has an extremely pungent, odour, excites tears, and producos a 
disagreeable roughness in the throat. Its alcoholic solution, when recently prepared, 
is but slightly clouded by nitrate of silver, precipitation not taking place till the liquid 
has remained for some time in contact with the air. 

The compound sublimes like camphor, in email, colourless, transparent plates, having 
an adamantine lustre. In the dry state it does not alter the colour of litmus, but 
reddens it when moist, inconsequence of decomposition. The moist crystals are white, 
opaque, and form vegetations like hoarfrost. ' It supports a moderately high tempera- 
ture without, decomposition ; but when passed through a tube heated to dull redness, 
it is resolved into chlorine, sulphurous oxido, and perchlorethylene : 

2CC1«S0 2 - C*C1 4 + 2Cl a + 2SO*. 

When distilled with a large excess of strong sulphuric acid, it is resolved into sulphu- 
rous oxide, hydrochloric acid, and phosgene : 

CCl«SO fl + H 2 0 _ SO* + 2HC1 + COC1*. 

In contact with air and water, it decomposes in a similar manner, yielding hydrochloric 
acid, sulphurous oxide, sulphuric acid, and carbonic dioxide. 

It dissolves in caustic potash, forming trichloromethylsulphite and chloride of 
potassium. 

JTapbthylsulpliuroua Add. C’H’SO* = (C'«H')HSO* - c 4h?£|o«. Snl- 

phonaphthalicy Hyposnfphonaphtkatic , or Kaphthyhlithionic Acid. (Faraday [1827], 
Ann. Ch, Hiys. [2], xxxiv. 164. — Berzelius, ibid. Ixv. 290. — Wohler, Ann. Ch. 
Pharm. xxxvii. 197. — Regnault, Ann. Ch. Phys. [2]* lxv. 87. — Laurent, Rev. 
ecient. xiii. 587.— Kimberly, Ann. Ch. Pharm. cxiv. 129.)— This acid is produced, 
together with naplithyleue-sulphurous (disulphonaphthalic) acid, by melting naphtha- 
lene with strong sulphuric acid or sulphuric anhydride. — When naphthalene is dissolved 
to saturation, in strong sulphuric acid heated to 90°, and the solution is exposed to the air, 
it solidifies completely after some time ; and the solidified mass, after being freed from 
excess of acid by pressure betweon porous tiles, dissolves completely in water, pro- 
vided all the naphthalene has been converted into acid products. To separate the two 
acids, the aqueous solution is neutralised with carbonate of barium, concentrated, and 
mixed with twice its volume of alcohol, which precipitates naphthylene-sulphite of 
barium, while the naphthylsulphite remains in solution, and may be crystallised there- 
from. — To obtain the free acid, the solution of the barium-salt is precipitated by 
sulphuric acid ; the excess of the latter removed by carbonate of lead ; the resulting 
naphthylsulphite of lead is decomposed by sulphy<uic acid; and the filtrate is evapo- 
rated in a vacuum. 

Naphthyl sulphurous acid may be obtained, by evaporation of its aqueous or alcoholic 
solution, as an irregularly crystalline deliquescent mass, containing C ,# H”S0VH*0. It 
has a strongly acid, astringent, metallic taste ; is extremely soluble in water, oil of 
turpentine, fixed oils, and alcohol, but very slightly soluble in ether. It melts 
between 86° and 96°, blackens at about 120°, giving off an odour of naphthalene, and 
when more strongly heated swells up considerably, leaving a very bulky cinder. The 
aqueous solution turns brown on boiling. 

Naphthylsulphitea — The acid is monobasic. Its salts are soluble in water, 
for the most j>art also in alcohol, and have a bitter, almost metallic taste. When 
heated, they give off a considerable quantity of naphthalene, together with sulphurous 
.oxide, and leave a residue of sulphate and sulphide. — The potassium-salt fased with 
excess of potassic hydrate is decomposed, with evolution of sulphurous* oxide, mad 
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formation of ft solid body, probably naphthol or naphlhylic alcohol. (Wurts, 
Compt. rend. Ixiv. 750.) 

The ammonium-salt crystallises in slender needles, permanent in the air. Its solu- 
tion becomes acid on evaporation. When subjected to dry distillation, it melts, 
decomposes, and takes fire. — The potassium-salt, 2C ,0 H , KSO , .H*O, crystallises in 
small, white, very brilliant scales, permanent in the air, and slightly soluble in water. 

The sodium-salt is similar, and has a strong metallic taste. — The stiver-salt, 

CTFAgSO*, i s moderately soluble, 100 pts. of water at 20° dissolving about 10*3 pts. 
of it. The solution is not decomposed by boiling. 

The harium-ealt, C®°H ,4 Ba"S , 0' , .2H*0, crystallises from a hot saturated solution on 
cooling, in small tufts or cuuliflowvr-heuds ; by spontaneous evaporation in irregular 
scales, grouped like cockscombs. In the dry state it quickly absorbs moisture from 
tho air. It is but sparingly soluble in water, 100 pts. of wnter dissolving 1*13 pts. of 
it at 15°, and 4*76 pts. at 100°. It dissolves also in absoluto alcohol and in ether. 
Heated on platinum- foil, it burns with a bright very smoky flame, leaving a blackish 
residue.' — The strontium-salt is crystalline. — The cal chon-salt crystallises with diffi- 
culty. When boiled with nitric acid, it yields nitronaphthylsulphito of calcium. — The 
magnesium-, zinc-, nickel manganous, and ferrous salts are also crystallisable, — The 
cuprv' salt crystallises in greenish scales containing water, which they partly give off^ 
in dry air. — The neutral lead-salt , C <# H n Pb"S*0* crystallises loss regularly than the 
barium-salt. When heated it decomposes, throwing out ramifications in all directions, 
and increasing considerably in volume. Its solution boiled with oxklo of lead yields 
a basic salt containing C w ii"Pb"S*0'.Pb"0 or C“H"Pb''S a O\3Pb"0, according to the 
quantity of oxide used. — The mire uric salt , obtained by dissolving mercuric oxide in 
naphthylsnlphuTous acid, is yellow and deliquescent. 

Meiannphthyl sulphurous Acid . — This name may be applied to an acid, apparently 
isomeric with naphthylsulphurous acid, which, according to Faraday, is sometimes 
formed in small quantity in the preparation of the latter, especially when 1 pt. of 
naphthalene is very strongly heated with 2 pts. of concentrated sulphuric acid, with- 
out, however, allowing tho mixture to give off sulphurous oxide. On saturating the 
aqueous solution of the product with carbonate of barium, the barium-salt of this 
peculiar acid is precipitated, together with sulphate, and may bo* dissolved out from 
the latter by boiling water; on evaporating the resulting solution, it is deposited in 
small hard crystals, slightly soluble in water and in alcohol. This salt contains the 
same quantity of barium as the ordinary naphthyl sulphito, but is distinguiahed 
from it by not burning with flame when heated, but merely smouldering (Faraday, 
Berzelius). — Tho potassium-salt of the same acid crystallises iii scales, soluble in 
water and in alcohol. — The lead-salt is very much like tho barium-salt. By decom- 
posing it with sulphuretted hydrogen, an acid is obtained, which crystallises in scales, 
soft to the touch, permanent in the air, but turning brown on exposure to the sun. 
(Faraday, Berzelius.) 

Naphthylsulphurous Chloride , C‘*H 7 ClSO*. (Kimberly, Ann. Ch. Pharm* 
exiv. 129.) — Produced by the action of phosphoric pentachloride on naphthylsulphite of 
sodium dried at 100 3 . On treating the product with water, and crystallising the un- 
dissolved portion from ether free from alcohol, it is obtained pure, in colourless, 
microscopic, rhombic laminae. It is inodorous, melts at 66°, and solidifies in globular 
masses on cooling, but, if kept from agitation and from contact with solid bodies, it 
remains liquid below 55°. It dissolves very easily in ether, benzol, carbonic disul- 
phide, and phosphoric oxychloride. It is for the most part decomposed by dry distil- 
lation, the decomposition beginning at about 120°. It is slowly decomposed by water, 
easily by potash, in aqueous and especially in alcoholic solution, yielding alcohol and 
mtphthylsulphurous acid. — Alcohol converts it slowly in the colei, quickly when heated, 
into ot hylnaphthy lie sulphite: 

C lf H T ClfiO* + (C*H»)HO- - IIC1 + (C 2 H‘XC'*H’)SO f . 

Aqueous ammonia converts it into naphthylthionamic acid : 

C»*H T ClBO* + H*N - HC1 + C'*H»NSO* 

Ktkplnaphthylie Sulphite, C«H»80* - ^‘{so*. (Kimberly, foe. oil.) 

--Prepared by heating 1 at. naphthyl sulphurous chloride with not more than 2 at. 
alcohol, in an apparatus so arranged that the vapours may condense and flow back 
again ; then distilling off the excess of alcohol, and washing the residue with water; 
if the product is coloured, it must be dissolved in ether, and treated with animal char- 
coal. 

Ethylnaphthylic sulphite, when recently prepared, is a viscid liquid at ordinary 
temperatures, and does not solidify even at —8° to — 10° ; but after keeping for 
Vol. V. OO 
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several days (or, if it has been heated above 50°, after weeks or months^, it solidifies in 
nodules composed of laminar crystals. It is insoluble in water, but mixes in all pin. 
portions with alcohol and ether, It is decomposed by distillation, giving off sulphurous 
oxide, yielding a considerable sublimate of naphthalene, and leaving a small carbo- 
naceous residue. — By aqueous or alcoholic potash, it is quickly resolved into alcohol 
and naphthylsulphite of potassium. In alcoholic solution it is decomposed by water 
in the same manner as by potash ; and when heated with water alone in a sealed tube 
to about 150°, it is resolved, without blackening or formation of secondary products, 
into alcohol, naphthalene, and sulphuric acid (probably first, into alcohol and naphthyl- 
sulphurous acid, which is then further split up into naphthalene and sulphuric acid). 
*—With pentachtoride of phosphorus, it yields ethylic chloride, naphthyl sulphurous 
chloride, and phosphoric oxychloride : 

(C*H*)(C ,0 H 7 )SO» + PC1» - C*H*C1 + C 10 H 7 ClSO* + POC1 5 . 


Naphthylthionamic Acid , C 1tt H®NS0 3 


C ,0 H 7 .IT) 

(s s>1 


N 

O 


Naphthylihionamide. 


(Kimberly, loc. cit.) — Produced, by triturating naphthyl sulphurous chloride with 
ammonia, as a yollow oil, which solidifies to an amorphous mass. It dissolves easily 
in ether and in alcohol, and separates from either solution in microscopic crystals, 
apparently quadratic combinations, P . oP . Pc© , with the angle P : P on the lateral 
edges -■ 110°, It dissolves also in aqueous ammonia, in strong hydrochloric acid, and 
in glacial acetic acid, and crystallises from the two latter solutions unaltered. It is 
inodorous, has a groyish-yollow colour when dry, light-yellow when moistened with 
aqueous ammonia, gradually turning red on exposure to the air. It melts without 
‘decomposition, in boiling water, to a viscid liquid, which solidifies to an amorphous 
mass ; at a higher temperature, it chars and gives off pungent vapours. 

It is quickly decomposed by aqueous potash,, yielding ammonia and naphthyl- 
sulphiteof potassium. Heated with rtqurous nitrite of potassium, it gives off nitrogen, 
ana is converted into naphthylsulphite of potassium ; part of it is, however, transformed 
at the same time into a resinous substance, insoluble in water, and detonating slightly 
whpn heated. 

“When the alcoholic solution of the acid, containing a little free ammonia, is mixed 
with oxcess of argentic nitrate, and the ammonia is allowed to evaporate gradually at 
ordinary temperatures, argentic nuph thylthionamate, C ,M IPAgNS0 4 , is de- 
posited as a white crystalline substance, easily soluble in alcohol, ether, and ammonia, 
and quiekly blackening when exposed to light. 

lienzonaphthylthionamic add, C l# H"(C 7 II*0 ) NSO*, is produced by fusing naphthyl- 
thionamic acid with an eaui valent quantity of benzoic chloride, till hydrochloric arid 
is no longer evolved ; and on washing the product with lukewarm water, drying it, 
and recrystnllising from alcohol, it separates in microscopic prismatic crystals, easily 
solubjo in alcohol, ether, aqueous ammonia, and glacial acetic acid. It melts without 
decomposition at 100°, but decomposes at a higher temperature, and when boiled with 
aqueous potash, gives off ammonia, and yields benzoate and naphthylKulphite of 
potassium. When its solution in absoluto alcohol is mixed with ammonia and argentic 
nitrate, and loft to evaporate, it deposits argentic benzonnph thylthionamat «% 
C ,0 H T Ag(C 7 H !, O)NSO , l as an amorphous floeculent precipitate, which dissolves some- 
what slowly in alcohol, and may be crystallised in microscopic needles by mixing its 
ammoniacal alcoholic solution with a slight excess of acetic acid, and gently* wanning 
the liquid. (Kimberly.) 


Bromo-, Cktoro-, and Nitro- n aphi hylsulphurous Acids. 

These acids are formed by heating the bromo-, chloro-, and nitro-naphthalenea with 
Aiming sulphuric acid, or (in the case of the monochlorinated compound) with ordinary 
concentrated sulphuric acid. 

Bromonapht hylsulphurous Acid , C‘ # H 7 BrSO* *=» (C ,# H*Br)HSO*. (Lau- 
rent, Compts chim. 1849, p. 392.) — When the solution obtained by heating bromo- 
naphthalene with fuming sulphuric acid is neutralised with potash, diluted, and boiled, 
the filtered liquid deposits, on cooling, a crystalline pulp of potassic bromonaphthyt sul- 
phite, C ,, H*BrKSO # , which is colourless, slightly soluble in .cold water, moderately 
soluble in boiling water and alcohol, whence it crystallises in tubercles. Boiling nilrie 
acid converts it into a yellow salt, which takes fire when heated in a dose vessel, and 
probably consists of C , «H # (NO t )BrKSO*. 

A solution of potassic bromonaphthylsulphite poured into a warm moderately concen- 
trated solution of barium-chloride, precipitates the bromonaphthytsulphite q f barium, 
C t# H l, Br*Ba‘S , 0* as a crystalline salt soluble in cold water. The solution of the 
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potassium-salt forma white precipitate* with moderately strong solutions of calcic 
chloride and plumbic acetate, but does not precipitate the salts of magnesium, man- 
ganese, cobalt, nickel, zinc, mercury, and silver. 

Dibromonaphthylsulphurous Acid t C'lPBr-SO 5 — (C , •II 4 Br 2 )IlS0 , . 

(Laurent, Compt. chim. 1849, p. 392.) — Prepared as above from dibrnmonaphlhalene. 
— The potassium-salt, C 10 H 5 Br*KSO B , is crystalline, and soluble iu boiling alcohol. — The 
barium-salt , C* # ii ,0 Br 4 Ba*S , O , 1 is obtained by pouring a solution of the potassium-salt 
into a boiling and very dilute solution of barium-chloride, and separates, on cooling, us 
a floeculent precipitate composed of microscopic noodles. 

Chloronaphthylsulphurous Acid , (C ia II 8 Gl)TlSO*. (Zinin, J. pr. Chem. 
xxxiii. 36.) — AVhen a mixture of 2 vols. strong sulphuric acid and 1 vol. chloro- 
nnphthalene is heated to 140 J for a quarter of an hour, a transparent brownish liquid 
is obtained, which docs not alter on cooling ; but is converted, by addition of a few drops 
of water, into a white;, buttery, scarcely crystalline mass, which may be freed from 
excess of sulphuric acid by spreading it out on a porous tile (Zinin). The same 
acid appears to bo formed, with evolution of hydrochloric acid, on dissolv in g chloride 
of naphthalene in fuming sulphuric acid. (Laurent.) 

Chloronaphthylsulpliuroua acid dissolves easily in water and in alcohol ; when heated, 
it melts to a brownish liquid, decomposes, ami gives off an odour of naphthalene. 

The ammonium-salt of this acid is crystalline and very soluble. Its solution form* * 
soluble curdy precipitates with ferrous and argentic salts. — The potassium-salt iff 
slightly soluble in water and in alcohol. — The tuirium-safi, C w H l *Ci*Ba # 'S ? 0* l fornSff^ 
microscopic needles of a dull white colour, and very soluble. — The cupric salt is bitusk 
and very soluble. — The ferrous salt is a white llocculcnt precipitate. — The Irad-saH iff 
a white nearly insoluble powder. — The silver-salt is a white curdy precipitate, slightly 
soluble in water, and decomposing at 100°. 

Dichloronapkthylsulphurous Acid, (C M H*Cl*)HSO*. (Zinin, lac. dt .) — 
Prepared like the preceding. It is a white buttery acid, very soluble in water. Itf 
ammonium-salt is also very soluble. — The potassium-salt mid the barium salt, 
C* # H ,, Cl l Ba"S*O i > form small slightly soluble needles. — The silver-salt, C ,B IL*Cl*AgSO B , 
crystallises in colourless scales, still less soluble than the potassium-salt. 

Tricktoronaphthyl sulphurous Acid , (C 10 H 4 Cl , )HSO B . (Laurent, Compt. 
chim. 1849, p. 394.) — Prepared by dissolving trichloroimphtlmlene in fuming sulphuric 
acid, neutralising the diluted solution with potash, converting the potassium -salt into 
a barium-salt, then into a load-salt, and decomposing the latter with sulphuric acid. 
The aqueous solution thus obtain**! solidifies on cooling to a mass of microscopic 
needles, which may be purified by recrystallisalion from boiling alcohol. 

The ammonium-salt of this acid is easily soluble in water and in aqueous ammonia. 
Most of the other trichlorunaphthylsulphites, even those of potassium and sodium, nre 
but very slightly soluble in cold water ; consequently the acid and its ammonium-salt 
form precipitates even in the cold dilute solutions of the nitrate and sulphite of potas- 
sium and sodium, and in those of the chlorides of barium and calcium, and of the 
sulphates of magnesium, nickel, and copper. 

The potassium-salt forms opaque microscopic scales, very soluble in boiling water, 
nearly insoluble in cold water and in ladling alcohol.— The barium-salt, C t# Il B Cl rt Ba"8 z O B , 
requires from 300 to 400 pts. of boiling waler to dissolve it.. — An ammoniacal cupric 
salt , C*H - Cl*CuS*0 4 .,4NH B .4H a O, is obtained by pouring a solution of the anunoniiim- 
salt into cupric acetate, adding ammonia, and heating. The solution, on cooling, 
solidifies to a filamentous jelly, like the mycoderrnic substances deposited from tartanc 
solutions. The washed sail has a lilac colour, changing to blue on drying. 

Tet rachloronaphthylsulphurous Acid , (C IO U*CP)UHO B . (Laurent, Compt. 
chim. 1849, p. 397.) — Prepared by heating tet rachloronaphthalone with fuming sulphuric 
acid.— The potassium-salt , C , *H*CliK80 B f is nearly insoluble in cold, slightly soluble 
in boiling water, very soluble in boiling alcohol, whence it separates in microscopic 
spherules. Its alcoholic solution does not precipitate acetate of barium, but on 
addition of water, the liquid coagulates to a gelatinous mass. 

Nitronaphthylsutphurous C 1# H 7 (NO*)SO*. (Laurent, H6v, sclent, xiii. 

688.) — Kitronaphthalene heated with fuming sulphuric, acid, yields a red rotation, 
from which water precipitates more or less unaltered nitronaphthalene. The filtered 
solution saturated with carbonates yields the nitronaphthylsulpliites. The acid is 
also produced by the action of nitric acid on naphthyls niphurous acid. It crystalliwe 
in microscopic rhomboids! scales. Sulphydratc of ammonium appears to convert it 
into naphthionie acid (iv. 17). 

The nitronaphthylsulphites ignite when heated m close vessels. — The ammo/utsm- 
•alt crystallises in needles; the potassium-salt by spontaneous evaporation, in irregular 

o o 2 



664 SUX.PHUB r^^DE^" J^^^XTGE^ACtDS, . 

crystals. — The ealcium-saU, 0® K , *Ca w (N'0 ? ) a S , 0 , l is moderately sol u We in water and 
in alcohol. " * 

Dinitronaphthylsulphurous Acid, C*H 8 (]SrO s ) v SO*, is formed by the pro- 
longed action of nitric acid on naphthylsulphurous acid. — Its ammonium-salt , 
C ,8 H 5 (NH 4 )(N0 4 )*S0*, crystallises in yellow needles ; it is decomposed by sulphydrate 
of ammonium, yielding a deposit of sulphur, and a peculiar acid, perhaps nitron aph- 
thionic acid- (Laurent, Compt. rend. xxxi. 637.) -* 

Ybenyliulpbnroai Acid, C*H"SO* «• (C 8 H s )HSO*. Sulphabenzolic, Sidpho- 
bcnamic , or Sulphobenzidic Acid. (M itscherlich [1 834], Pogg. Ann. xxxi. 283, 634. 
— S ten house, Proc. Roy. Soc. xiv. 351. — Wnrtz, Compt. rend. lxiy. 749. — Kekule, 
ibid. p. 762.)— This acid is produced by dissolving benzene in fuming sulphuric ^.eid, 
diluting with water, filtering tg separate any sulphobenzide (p.486) that may have been 
formed at the same time, saturating with carbonate of barium, converting the resulting 
bariunw»lt into a cupric salt by precipitation with cupric sulphite, purifying the 
cupric «8b r by crystallisation, and decomposing it with sulphuretted hydrogen. The 
acid may itoo bo prepared by gently heating benzene with about an equal volume of 
ordinary concentrated sulphuric acil; and (according to Stenliouse) this is the best 
method of obtaining it in large quantities, using 4 rols. sulphuric acid to 5 vols. benzene, 
Phenyjsulphurous grid evaporated to a syrupy consistence, yields a crystalline residue, 
which decomposes at a higher temperature. 

T& phony Isulphit es or sulphobenzolate s, C 8 IPMSO* f are very stable salts, 
pome of them bearing a very high temperature without decomposing. The ammonium- 
tndtjJjowever, decomposes easily at 200°, yielding sulphophenylamide (p. 623), together 
with fulphlirous oxide, ammonia, benzene, and a small quantity of phenylic sulphide; 
and the sodium-, and calcium-salts yield, by dry distillation, phenylic sulphide, 
{C£5*)*S, together with carbonic dioxide and sulphurous oxide. (Stenhouse, iv. 
417.) 

The phenylsulpbites distilled with oxychloride of phosphorus, yield phenylsulphu- 
rous or sulphophenylic chloride, C 8 H :, CIS() 2 (Gorhardt and Chancel). They 
may be boiled for a long time with excess of aqueous potash without decomposition, 
but by fusion with potassic hydrate they are resolved into sulphurous acid and phenol 
(Wurtz, Kelt u 16) : 

(C 8 II 4 )KSO* + K1IO - K 2 SO s + (C 8 H 4 )HO. 

Pi)ta«sU: phenyl* Phenol. 

■ul|ihUe. 

The phenylsulphites of ammonium , potassium, sodium, and calcium crystallise easily ; 
the barium-saU is obtained only in crystalline crusts; ther-mc-and silver-salts are also 
crystallisable.— The cupric salt, C l2 H ,# Cu"S-0 8 , forms fine, bulky, hydrated crystals, 
*which give off all their water at 170°. ( M i t sehe rlich.) 

HUrophenylsulphurous acid , C"R 5 (NO)*»SO s , is produced by boiling ph**nylsulphurons 
<|rid with nitric acid.— Its ammonia C 8 H 4 (NH 4 )(NO*)SO a , is converted by sul- 
p>hydric acid into plienylsulphiunate of ammonium. (Laurent, Compt. rend. xxxi. 
p38.) 

Phenylsulphurous Chloriie , C 8 H 5 ClSO* ~ j q! Sulphophenylic or 

Sulphobenzolic Chloride. (Gerhard t and Chancel, Compt. rend. xxxv. 690.) — Pro- 
duced by the action of phosphoric oxvchloride on a plienylsulphite. To prepare it, 
benzene is gently heated with an equal volume of strong sulphuric acid, till it is com- 
pletely dissolved; the liquid, after dilution, is saturated with chalk; the filtered solu- 
tion of calcic phenylsulphito is exactly decomposed by carbonate of sodium, and the 
solution of sodic phenyl sulphite is filtered and evaporated. This salt having been 
dried at 150°, is then mixed in a retort by small portions will* oxychloride of phospho- 
rus, so as to form a thick pulp. The reaction begins in the cold, and as soon as it 
ceases, the product is to be distilled as long as any oily matter passes over, and the 
distillate rectified, collecting apart the latter portions, which distil at 264°. The lower 
portions contain also a considerable quantity of phenyl sulphurous chloride, and may be 
utilised for the preparation of sulphophenyl amide (p. 623). 

Phenyl sulphurous chloride is a colourless, strongly refracting oil, of specific gravity 
1-378 at 23°. It boils at 264°, Has a strong odour like that of bitter-almond oil, and 
fumes slightly in the air. It is scarcely attacked by water, but alkalis instantly 
convert it into plienylsulphite and chloride of alkali-metal. With aqueous ammonia 
U yields sal-ammoniac and sulphophenylamide (phenylthionamide). 

Phenylsulphurous Hydride, C*H*SO f . Benzylsulphurouz Acid. (Kalle, 
Ann. Ch. Ph&rm. cxix. 153 ; Jahresb. 1861, p. 627.)— -Produced, as a zinc-salt, by the 
action of zinc-ethyl on phenylsulphurous chloride : 

2C 8 H*QSO* + Zn"(C-IP)* _ 2C*H*C1 + C'W»ZnS*0\ 
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Pure phenylsulphurous chloride is mixed with 8 vols. ether frcefrom water and alcohol, * 
and zinc-ethyl is gradually added to the mixture in afluak fllledArith dry carbonic dioxide, 
the liquid becoming hot, and depositing a white pooler at each addition. As soon aa 
a portion of the mixture no longer exhibits the smell of the chloride, the pasty mass is 
to be heated. to 100° to expel the ether, and the excess of zinc-ethyl is decomposed by 
water, which' will not dissolve the basic zinc-salt formed in the reaction, even on 
boiling. On treating it with hydrochloric add, the whole dissolves, excepting a small 
quantity of a disagreeably-smelling oil [perhaps C^H^CPH^SO*] ; and the decanted 
liquid, on cooling, deposits phenylsulphurous hydride, in large, mostly stellate prisms, 
which may be freed from the last traces of tho oil by recrystallisation. Its formation 
from the zinc-salt is represented by the equation : 

C l: K ,0 Zn M S*O l + 2HCI - ZnTl* ♦ 2OTPSO*. 

Phenylsulphurous hydride dissolves slightly in cold, easily in boiling water — freely 
also in alcohol, and especially in ether. It is inodorous ; has a strong acid.tib<te and 
reaction ; cannot be sublimed, melts below 100°, and begins to decompow»j|r|ien heated 
above 100°. It is oxidised to phenylsulphurous acid, slowly by contact with the air, 
quickly by nitric acid. By nascent hydrogen (evolved from sulphuric acid by zinc), it 
is converted into phenyl ic sulphydmte. r 

Phenylsulphurous hydride is a monobasic acid, which easily decomposes metallic) 
hydrates and carbonates. According to Kekule s views of the composition of tbJero- , 
matic bodies, it maybe regarded as benzene-sulphurous acid, C*IP(S0*JI), > 
that is as benzene in which 1 at. II is replaced by the sulphurous acid residue, SO*H| 
the hydrogen in this residue is still replaceable by metals. i j# 

The ammonium-salt crystallises in colourless silky laminae, easily soluble in Water, 
sparingly in alcohol and ether. -The barium-salt, C la H , ®Ba"S v 0\ fbrms crystalline 
nodules, easily soluble in water, less soluble in alcohol. — The cupric salt separates from 
a strongly concentrated solution, in yellowish-green hrniime, having a satiny lustre and 
slightly soluble in alcohol. — The siUw-salt, C'lPAgSO 2 , separates from a hot aqueous 
solution on cooling in satiny luminre, slightly soluble in cold water. The same salt is 
obtained, as a white curdy precipitate, on mixing the aqueous acid with nitrate of 
silver. — The neutral zinc-salt , C'-IPVafS-O 1 , is obtained by boiling the aqueous arid 
with zinc-carbonate, or by decomposing the basic salt obtain ( h 1 in the preparation of 
the acid with carbonic acid, and evaporating the filtrate. It crystallises in uhliquo 
rhombic plates with truncated angles, moderately solublo in cold and in hot water. 

T) I mXKYL*D1 SULPHUROUS Or DlPHENYL-DISULPHOPHENYLIC ACID, C ,, IL ,, ^S*0^ (Fit- 

tig, Ann. Ch. Pharm. cxxxii. 201.) — Formed by dissolving phenyl (iv. 400) in warm 
concentrated sulphuric acid: the warm * much-diluted solution is neutral isod with 
carbonate of potassium ; and the sparingly soluble potass! urn-salt, which separates 
on cooling, is crystallised several times from water. The acid separated from the lead- 
salt. by sulphuretted hydrogen crystallises by evaporation over oil of vitriol in prismatic 
deliquescent crystals, which melt at 72 5°, and decompose when heated above 200®. 

Tho acid is dibasic. — Th * potassium-salt, C^IPK^O - , crystallises in efflorescent prisms 
or scales, insoluble in alcohol, slightly solublo in cold, more easily in hot wator, and 
decomposing at a red heat. — The barium-salt, C ,2 IX H Ha' , 8‘0* l is a white crystallirto 
precipitate, nearly insoluble in wator and in ncidH. — Tho calcium-salt , 
isalso very difficultly soluble in cold water, and is formed only on heating the solution of 
the potassium-salt with chloride of calcium. — The hud-salt is insoluble in water, but 
soluble in acids. — The silver-salt crystallises in laminae, more soluble in cold water t han 
the potassium-salt. The salts of other metals do not form precipitates with the solu- 
tion of the potassium -salt. 

Thymylsvil^lmroiii Acid* C ,# H ,, SO i . Syn. with Cymylsulphuhous A cm 
(ii 298). 

Xylylsulphurous Add, OH'^SO 1 = (C*H 9 )H30*. Sulpkoxylenic or Sulphoxfjlo- 
lie Acid* (Cahours, Compt. rend. xxx. 319. — Church, Chetn. Soc.Qu. J. xiv. 62,— 
Volck el, Ann. Ch.Pharm.Uxxvi. 336. — De la Bueand Muller, Chem. Soc. Qu. J. 
xiv. 54.)— When xylene is left in contact for a week with fuming sulphuric acid, part 
of it dissolves, and the undissolved portion becomes more or less filled' with long, 
colourless, shining needles of xylyl sulphurous acid. They have a strongly acid, after- 
wards bitter taste ; dissolve readily in water and in sulphuric acid ; deliquesce quickly 
on exposure to the air, and may be heated to melting in a vacuum or in vapour of 
xylene without decomposition; at a higher temperature they become dark-coloured. 

Xylylmdph&U of barium, crystallises is nacreous transparent scales, 

not altered by bailing with water. 
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0. Sulphurous Ethers containing Diatomic Alcohol-radicles. 

(&<>)•) 

Ethylene-sulphurous Acid, C 2 H*S*0* - (C*H 4 )H 2 (SO*) 2 » (C 2 H 4 )H0 4 . 

H* J 

Disulphetholic Acid. (Buckton and Hofmann [1856], Chem. Soc. Qu. J. \x. 
250 i Ann. Ch. Pharm. c. 129. — Husemann, Ann. Cli. Pharm. cxxvi. 269 ; Jahresb. 
1862, p. 428.) — This acid is produced : — 1. By heating ethylenic di- or tri-sulpho- 
carbonate (p. 602) with faming nitric acid : 

(C 2 H 4 )COS* + 4NO a H - (C 2 H 4 )H 4 S*0* + 4X0 + CO a + H*0. 

(CFIFJCS* + GNO*H - (C v II 4 )H 2 S 2 O e + 6NO + CO* + SO 2 + 2H 2 0. 

ThO liquid is heated as long as nitrous fumes aro evolved, then evaporated with 
repeated addition of water, and neutralised with carbonate of lead ; the lead-salt, 
which ‘crystallises out, is decomposed by sulphuretted hydrogen; and the filtered 
solution of ethylene-sulphurous acid is evaporated to a syrup. (Hu soman n.) 

2. Together with sulphopropionic acid, by the action of fuming sulphuric acid on 
propionitrilo (cyanide of ethyl) or propionamide : 

C*1PN + 3H a S0 4 « C 2 H n S*O a + (NH 4 )HS0 4 + CO*. 

Froplonltrtle. Ethylene- Acid sulphate 

sulphurous of auimouium. 

acid. 

C*H*N + H 4 0 + 2H 4 SO* - C’H'SO* + (NB 4 )HSO\ 

ProplonltrUe. Sulphopro- Acid sulphate 

pionic acid. of aromoulum. 

Propionamide, (CHFNO), which differs from propionitrile only hy H 2 0, is acted upon 
by sulphuric acid in exactly tho same manner; and being easier to prepare than pro- 
pionitrile, is used in preference for the preparation of ethylene-sulphurous acid. For 
thiy purpose, a mixture of propionamide with an equal vol time of Nordhauaen sulphuric 
acid, is heated as long as carbonic dioxide is evolved and propionic acid distils over. 
The solid .residue is then dissolved in water; the free sulphuric acid is neutralised 
with ffncl 3 '-pounded marble ; the sulphate of ammonium is decomposed by boiling the 
liquid with carbonate of barium till it no longer gives a permanent precipitate with 
chloride of barium; and the filtered solution of ethylene-sulphite of ammonium is 
concentrated to the crystallising-point. To obtain the freo acid, this salt is converted 
in to a barium-salt by boiling with baryta-wuter ; the barium-salt is decomposed by 
sulphuric acid ; the acid filtrate is boiled with carbonate of lead ; and the resulting 
lead-salt, after crystallisation, is decomposed by sulphuretted hydrogen. (Buck to il 
A nd Hofmann.) 

The syrupy acid, obtained by carefully evaporating the aqueous solution, solidifies, 
when left over oil of vitriol, to a radio-crystalline, very deliquescent mass, consisting 
(according to Huseraann) of C*II*S*0 6 .H 4 0. It gives off its 1 at. water at 100°; and 
the anhydrous acid melts at 94°, and solidifies again at 60° (H use man n) ; at higher 
temperatures it chars, and gives off white vapours. (Buckton and Hofmann.) 

Ethy lone-sulphurous acid is dibasic, forming neutral and acid salts. — The ethy- 
le no-sulphites are all soluble and erystallisable. 

The neutral am moniu msalt, C ? H 4 (NH 4 ) 2 S v O®, crystallises in long monoclinic 
prisma, often exhibiting tho simple combination oe>P . Poo (Husemann). — The neu- 
tral potassium-salt, C 2 H 4 K 2 S’0 # , forms thick, four-sided, monoclinic prisms ; the acid 
potassium-salt, 2(C*It 4 )HKS a O a .3H a O, hard, white, crystalline crusts. — The neutral 
sodium-salt , 0*H 4 Na 2 S 2 0 a , crystal Uses in well-defined crystals, belonging to the trimetric 
system, and exhibiting the combination ooP . I* oo. — The neutral, silver-salt, C v H 4 Ag # S-O a , 
forms thin monoolinic tables ; thcro is also an acid silver-salt , C*II*AgS 2 O a .C a H 4 Ag 2 S 2 O a , 
forming milk-white spherical groups of crystals. (Husomnnn.) 

The barium-salt , obtained by boiling the solution of the ammonium-salt with baryta, 
and precipitating the excess of the latter with carbonic acid, crystallises in stellate 
groups of six-sided tablets, which contain 0 a H 4 Btt"S 2 O*,H 2 O, and become anhydrous 
at 170° (Buckton and Hofmann). — According to Husemann, a hydrated salt 
containing C*H 4 Bfi'S a 0 a .2H 2 0, is obtained in small rhombic octahedrons, by saturating 
the still yellow solution of ethylene-sulphocarbonato in fuming nitric acid with carbo- 
nate of barium ; whereas the pure acid, saturated in like manner, yields the anhydrous 
salt, C a II 4 JV*S?O a , which is raoro soluble, and crystallises in slender monoclinie* 
prisms, 

Tho cupric salt , C 3 H 4 Cu"S s 0®.4lI 2 0, forms light-blue monoclinic prisms, which 
give off J of their water at 100°, and the rest at 170° (Husemann). — The lead-salt 
forms easily soluble crystalline crusts, containing 2CdI 4 Pb"S*O a .3H a O (Husemann); 
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according to Buck ton and Hofmann, it crystallises in thin prisms and four-sided 
lami use, and its solution, when quick 1 y evaporated, dries up to a tough gummy mass.-— Tba 
magnesium-salt, C-H 4 Mg"S*0 - .6H*0, crystallises in colourless, easily soluble, mono 
clinic prisms and tables, which give off half their water at 100 a , and the rest at 180° 
(Huseraann). — The mercuric salt, C*H 4 Hg‘ , S' i 0*.6H , 0, forms loug, thin monoelinio 
prisms ; the mercurous salt, C 3 H 4 Hg‘S 3 0".H 3 0, forms white crusts, which separate on 
warming into an acid and a basic salt (Husemann). — The zinc-salt, C , Ii 4 Zn H S‘ , 0 € . 
fiHO, crystallises in nacreous nwnoolinic tablets, which do not give their last atom of 
water till heated to 175°. (Husemann.) 

Appendix to Et hyhnc- sul pk uro u s Acid: SuLfHornoPioxic Acid, 0*11*80* *a 
(SO )") 

C’HW.SO* « (C*H 4 0)" >0* ? — Produced, together with ethyleno-sulphurous acid (as 
H a i 

above described), by the action of sulphuric acid on propionamide or propionitrile, Its 
ammonium-salt remains in the mother-liquor of the ethylene-sulphite of ammonhim, 
and may bo separated therefrom as a syrupy precipitate by addition of absolute 
alcohol. On boiling the dilute mother-liquor with carbonate of barium, and concen- 
trating, sulphopropionate of Iwirium, C*lI 4 Ila'S-0 4 (at 170°), separates in cubic 
granules; or if the solution be less concentrated, and loft to itself for twenty -four 
hours, in spherical groups of silky crystals. (Buck ton and Hofmann.) 

(SO) 3 ) 

Metbylene-salpburoof Acid, CIPS'O* = (0JI*)">0 4 . Disutphomct/wlie Acid, 

H* \ 

M< fk Ionic Acid. (Liebig, Alin. Ch. Pliarm. xiii. 3ft. — Wotherill, ibid. lxvi. 122. — 

, St rector, ibid, c. 199. — Buekt on and Hofmann, ibid. c. 129; Chom. Soc. Qu. .T. 
ix. *241; Jahresb. 18ft6, p. 508.) — 1 This acid, discovered by Liebig, is produced: 

1 . By the action of sulphuric oxide (anhydride) on ethylic ether ( Liebig, W e t h or i 1 1, 
St rocker). — 2. By the action of fuming sulphuric acid on acotiinndo or acetonitrile 
(Buckton and Hofmann). Its mode of formation by this second method is exactly 
similar to that of etliylene-sulphurous acid from propionamido or propionitrile (p. 566), 
sulphacetie acid being formed at the same time. (p. 475). * 

To prepare it by the first method (which, however, yields but a small product), sul- 
phuric oxide is passed in the state of vapour, or (preferably) introduced -in the solid 
state, into anhydrous ether contained in a cooled vessel; the resulting solution is 
shaken up with water; tho watery liquid, separated from the ethereal solution of 
neutral ethylic sulphate, is neutralised with carbonate of barium ; tho methylene-sul- 
phite of barium thus produced is decomposed by excess of sulphuric acid ; tho filtered 
solution is boiled with carbonate of lead; and the resulting lead-salt decomposed by 
sulphuretted hydrogen. (St rocker.) 

By evaporating the aqueous solution of methylene-sulphurous acid over the wator- 
batli to a syrup, and leaving it to cool in a vacuum, tho acid is obtained as a masB of 
radiating needles (Buckton and Hofmann); when left over oil of vitriol, it 
solidifies in long needle-shaped crystals (Struck er). It is very deliquescent, bus a 
very sour taste, and is not d composed by rather st rong heating, by prolonged boiling 
with nitric acid, or by passing chlorine into its solution. 

The methylene-sulphites, ((M1 S )M*8 2 0 B , and (CH a )M"S ? 0«, are easily prepared 
by digesting the aqueous acid with oxides or carbonates. They aro all soluble in 
water, but insoluble in alcohol. 

The ammonium-salt. CH 2 (NH 4 ) 2 S 2 0‘ crystallises in noodles (Streokor) ; in prisms 
of 97*45, bevelled at the ends, which bear a heat of 190° without decomposition. — The 
potassium-salt crystallises in shilling needles or granules, soluble in 14 pts.of water at 
22 J (Buckton and Hofmann). — Tho sodium-salt crystallise* in needles (Strrcker). 
—The barium-salt, .CH*Ba"S 3 O g .2ir t O, forms nacreous rectangular plates, which give 
off their water at lft0° (Buckton end Hofmann); at 140° (Strecker). 

The cupric salt, obtained by precipitating the barium-salt with cupric sulphate, crys- 
tallises in blue rhombic prisms, containing CH*Cu"S 3 0*.5H*0, which effloresceand turn 
whitish on exposure to the air, and become anhydrous at 100° (Strecker). Bucklon 
and Hofmann obtained a cupric salt in green needles. 

Tue neutral lead-salt, CH*Pb"S 2 0* 211*0, obtained by boiling the acid with carbonate 
of lead, crystallises in large, transparent, colourless rhombic prisms (in small square 
laminae, according to Buckton and Hofmann), which give off their water at 1 00°. 
By boiling this salt with plumbic hydrate, a less soluble basic sedt is obtained, sepa- 
rating from the cooling solution in „ro lourlees crystals, which, after drying over oil 
of vitriol, appear to consist id C*H a PWB*0« H«0 ; they have an alkaline reaction, and 
absorb carbonic acid from the air. (Strecker.) , 

The sili'cr-satt , CH 2 Ag^O # , crystallises in groups of thin needles or broid plates, 
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which may be v heated to 150° without decomposition (Buck ton and Hofmann), hut 
blacken slightly when exposed to light (Strecker). Its concentrated solution is in- 
stantly decomposed by ethylic iodide, yielding argentic iodide, alcohol, and free 
methylene-sulphurous acid, but no ethereal compound. (Buckton and Hofmann.) 

The zinc-satt, which is produced with evolution of hydrogen, by dissolving sine in the 
aqueous acid, is difficult to crystallise, and is not precipitated by alcohol, (Buckton 
and Hofmann.) 

SfaptitbyleneHiulpbiiroua Aoid, C ,B H*S ? £> B ■» (C ,0 H B )"H 2 S 2 O*. Disulpho* 

naphtholic, Thionapkthic , or Hyposulpkonaphtholic Acid . (Berzelius, Ann. Ch. 
Phys. [2] f Ixv, 290. — Laurent, Compt. chim. 1849, p. 390. — Dus art, Comp t. rend. 
Ixiv. 869.) — -Berzelius obtained this acid in small quantity, together with naphthylsul- 
phurous acid (p. 660), by the action of sulphuric acid on naphthalene; and separated 
the two by the different solubilities of their barium-salts, the naphthylene-sulphite 
being the more soluble of the two. On partially saturating the diluted solution with 
carbonate of barium, the naphthylsulphite separates out first ; and on completing the 
saturation of the remaining liquid, concentrating it over the water-bath, and mixing it 
with two or three times its volume of alcohol, the naphthalene-sulphite is deposited in 
granular crystals (Berzelius). Dus art, by using a larger proportion of sulphuric 
acid, and applying a stronger heat, has succeeded in converting the whole of the 
naphthalene into naphthylene-sulphurous acid. Tor this purpose, 10 pts. of naphthalene 
are strongly heated with 26 pts. of concentrated sulphuric acid, till a sample of the 
liquid, saturated with a strong solution of sodic carbonate, remains clear, and no longer 
deposits a crystalline precipitate of sodic naphthylsulphite. The solution is then 
diluted with water, and saturated with alkaline carbonate ; the greater part of the sul- 
phate removed by crystallisation, and the remainder from the mother-liquor by addi- 
tion of alcohol. The evaporated solution yields crystals of naphthylene-sulphite, which 
may be purified by recry Btallisation. 

Naphthylene-sulphurous acid, separated from its barium-salt by sulphuric acid, dries 
up in a vacuum to a brown lamellar mass, having a sour and bitter taste, and soluble 
in alcohol (Berzelius). The acid is dibasic. The naphthylene-sulphites, 
C 1B H B M*S 3 0 B and C ,B H B M"S a O B , resemble the naphthylsulphites ; they are very soluble in 
water, but in general less soluble in alcohol than the naphthylsulphites. They have an acid 
slightly niettulic taste, bear a considerable degree of heat without decomposition, but 
at very high temperatures give off vapours of naphthalene, with a small quantity of 
sulphurous oxide (Berzelius), They are decomposed by fusion with hydrate of 

r olussium, with formation of metallic sulphite and the potassium-salt of naphthy- 
cnic alcohol, C ,u H*0 3 - (C l0 H , )"H , O 1 : 

C ,0 H B K 3 S*O B + 4KHO « 2K 3 SO* + 2H 2 0 + C ,B H B K»0 3 . 

Pot as#ic naphthyl- Potasslc naph- 

ene sulphite. thylenate. 


The naphthylenic alcohol precipitated from its potassium-salt by an acid, and puri- 
fied from accompanying tarry matter, by solution in water and crystallisation, forms 
srnull rhombohedral crystals, soluble in water, and easily soluble in potash. The latter 
solution instantly bums black in contact with tho air, and if afterwards neutralised 
yields a black precipitate of an acid body, which in strong solutions solidifies to a jelly, 
(I)u s art/) 

Na phthytrne-s ulphitc of ammonium is obtained, by spontaneous evaporation, as a 
granular mass ; its solution becomes add when evaporated by heat. — The potassium- 
ga/t is granular, and slightly soluble in alcohol. — The barium-salt, C 10 H*Ba"S 2 O*, is but 
slightly soluble in water, oven at the boiling heat ; very slightly soluble in alcohol ; on 
evaporating the aqueous solution, it remains as an amorphous mass (Berzelius). — 
The lead-Mlt, C lo H B Pb"S 3 0 B .2H 3 0, is veiy much like the barium-salt, easily soluble in 
water, but nearly insoluble in alcohol. It retains its 2 at. water at 100°, but gives it 
up at 220°. (Laurent). 


(SO)* ^ 

(C-H^lo 4 - C i H l (SO*H) , # 


PhenyleBe-iulpburoui Add* C*H*S 3 0* 

H* ' j 

JHsulphobmzoHo Acid. (Buckton and Hofmann, Chem. Soc. Qu. J. ix. 2 65.)— 
produced, together with sulphobenzoio acid (p. 486), by heating benzonitrile (phony lie 
Cyanide) with fuming sulphuric acid. The product, after dilution, is treated with 
Carbonate of barium, as in the preparation of ethylene-sulphurous acid; and the 
filtered solution of the barium-salts, which is very dark-coloured, is decomposed by 
sulphuric acid, then boiled with oxide of lead, filtered, and treated with snlphydnc 
acid. The acid liquid is then saturated with carbonate of barium, and the resulting 
solution treated with alcohol, which throws down first anlphobensoate, and afterwards 
phenyl ene-sulphite of barium. 

The acid is, however, more easily obtained by heating phony lsulphurous (sulphoben- 
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solic) Acid (p, 663) with faming sulphuric add The product is Tory dark-coloured, 
but may be rendered colourless by xmversion into a leud-salt, and separation by sul* 
phydnc acid* The liquid saturated with carbonate of barium, and evaporated, yields 
phenylene-svlphite of barium, OH 4 Ba w S a O* as an apparently amorphous mass, which, 
however, appears distinctly crystalline under the microscope. When strongly heated 
on platinum-foil, it burns, with evolution of sulphurous oxide. 

T rfttylene-snlpimr oos or Propylene-sulphurous A old, C 3 H*S*0 6 *» 

Di sulp ho propel ic Acid, — Produced, together with Buiphobutyric acid, 
C*H*S0 4 , by heating butyramide with fuming sulphuric acid. The barium-salts of the 
two acids are both very soluble in water, and very difficult to separate ; but on treating 
the concentrated solution with absolute alcohol, the sulphobutyrate, C^IPBa'SHP, 
separates first; and by continued fractional precipitation with alcohol, a barium-salt 
is at length obtained, having nearly the composition of the trity lone- sulphite, 
C*H 8 Ba"S s O*. By slow evaporation of its aqueous solution, it is obtained in very 
minute crystals, appearing under the microscope ns thin pearly plates. (Buckton 
and Hofmann, Chom. Soc. Qu. J. ix. 253.) 


Sulphuric Compounds. 

Trioxidh op Sulphur, Sulphuric Oxide or Anhydride, SO*. 
Anhydrous Sulphuric Acid . — This compound is formed: 1. By the direct oxidation 
of sulphurous oxide. A perfectly dry mixture of this gas with oxygen, subjected 
to the action of a rapid stream of electric sparks, slowly diminishes in volume, and 
deposits sulphuric oxide. Tho oxidation may also be effected by passing the 
mixture of the two gases "through a red-hot tubo containing platinum-black or 
platinised pumice (Piria, Cimento, ii. 293). — 2. By the decomposition of acid 
sulphates. Acid sulphate of sodium, NallSO*, heated to dull redness, gives oft 
water, leaving the an hydrosulphate, Na a S0 4 .S0* — 2 Nall SO 4 — 11*0; and this 
compound, distilled at a higher temperature, gives off’ white fumes of sulphuric 
oxide, loaving tho neutral sulphate, Na*S0 4 . Ferric, platiiiic, autimonious, and 
bismuthic sulphates also give off sulphuric oxide when heated. — 3. By the distilla- 
tion of fuming sulphuric acid. This liquid, prepared at Nordhausen iu Saxony, by 
the dry distillation of dehydrated sulphate of iron, may be regarded as a solution of 
sulphuric oxide, SO", in tho strongest sulphuric acid ; and when distilled at a gent Jo 
heat, gives off the sulphuric oxide in white fumes, while ordinary sulphuric acid, ll-M) 1 , 
remains behind. The sulphuric oxide may be condensed in a dry receiver surrounded 
by cold water. — 4. By distilling strong sulphuric acid with phosphoric oxide (a - 
hydride), sulphuric oxide then passing over, and glacial phosphoric acid remaining 
behind : 

II 2 S0 4 + P*0 S = 2HP0* + S0». 

Properties . — Sulphuric oxide crystallises. in beautiful white slender needles, arranged 
in feathery and star-shaped groups, and forming an opaque mass, resembling asbestos. 
It is tough, and difficult to cut. When recently solidified from the liquid or gnsious 
state, it melts at about 18°, but quickly passes into another modification, in which it 
does not melt bejow 100°, volatilising slowly at the frame time, and returning to the 
first modification (Mari gn a c, Ann.Ch. Pharm. Ixxxviii. 228). In f lie melted stale it 
forms a liquid thinner than oil of vitriol, and probably colourless when pure, but usually 
exhibiting a brownish colour from the presence of organic matter. It boils at 36°. Tho 
specific gravity of the solid oxide is 1*9456 at 13° (Morveau) ; of the liquid, 197 at 
20° (Bussy). The density of the vapour is, according to Mitscbcrlielfs observation, 
32 + 3 . 16 

8*01 ; the calculated density is 2 * 0*0693 » 2*76. 

Reactions . — 1. Sulphuric oxide ha a a most powerful affinity for water, in which it 
dissolves, forming sulphuric acid. When dropped into water, it hisses like red-hot 
iron. Wood, paper, and organic bodies in general are quickly carbonised aud destroyed 
by it ; when perfectly dry, however, it may bo held for a while between the fingers 
without inconvenience, but it soon absorbs moisture, and then exerts a painful corro- 
sive action.— 2 . It does not alter the colour of litmus or any other vegetable sub- 
stance, unless moisture is present. — 3. It dissolves without, alteration in anhydrous 
carbonic disulphide, forming a clear solution, which fumes in the air, and eolidifif* ' 
at low temperatures to a deliquescent, interlaced, crystalline maws. 

4. Sulphuric oxide is a non-conductor of electricity, and is not decomposed even by 
the current of a battery of 14 Bunsen's elements. But when dissolved in concentrated 
sulphuric add, it is resolved by electrolysis into oxygen at the positive, and sulphur at 
the negative pole. With certain proportions of the acid and oxide, part of the sulphur,., 
instead of being separated in the free state, reduces the sulphuric acid to sulphurous 
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acid, and sulphurous oxide is evolved at the negative pole. (G-euther, Ann* Oh. 
Pharm. cix. 130.) 

5. The vapour of . sulphuric oxide is resolved, at a strong red heat, into sulphurous 
oxide and oxygen, 2 vols. SO* yielding 2 vols. SO* and 1 vol. oxygen. — 6. Phosphorus 
takes fire in the vapour at ordinary temperatures, and precipitates the sulphur m the 
form of a thick crust (Vogel). — 7. When phosphoretted hydrogen-gas is passed over 
sulphuric oxide at ordinary temperatures, sulphurous oxide is abundantly evolved, and 
the sides of the vessel become coated with red oxide of phosphorus [? amorphous 
phosphorus] (II. Hose). — 8. Dry aulphydric acid decomposes sulphuric oxide, with 
formation of sulphuric acid, and separation of sulphur, which partly dissolves, with 
blue colour, in the sulphuric acid (Geut her) : 

4SO* + 3H*S = 3 II ‘SO 4 + S 4 . 

9. Metallic mercury , heated with sulphuric oxide, abstracts part of the oxygen, 
forming sulphurous oxide and mercuric oxide, which unites with undecomposed sul- 

J iliuric oxide, forming mercuric sulphate. — Hod-hot iron decomposes the vapour, 
orming sulphide of iron and ferroso-ferric oxide ; zinc, under similar circumstances, 
forms suiphido and oxido of zinc. (Albert dj Heureuse, Ann. Ch. Pharm. lxviii. 242.) 

10. When sulphuric oxido vapour is passed over anhydrous baryta or lime heated to 
low redness, combination takes place, attended with vivid incandescence, and the base 
is converted into sulphate. 

11. When dry monosulphide of potassium is brought in contact with an excess of 
fused sulphuric oxide, an energetic action takes place, resulting in the formation of 
anhydrosulphato of potassium and sulphuric oxide: 

5SO* + K 2 S « K-SO'.SO* + 4SO*. 

Galena is slowly converted by the liquid oxide into sulphate of lead, while sulphurous 
oxide and sulphur are set free, the latter dissolving in the excess of sulphuric oxide and 
forming a blue liquid : 

2SO* + Pb"S - Pb'SO 4 + SO* + S. 

Native sulphide of antimony dissolves more quickly, with blue coloration and forma- 
tion of sulphurous oxide and antimonious sulphate, which separates as a basic salt on 
dilution. — Perrons sulphide, iron pyrites, and copper pyrites do not act on fused sul- 
phuric oxide. (Gouther, Ann. Ch. Pharm. cxi. 177.j 

12. With pmtacldoride of phosphorus , sulphuric oxide yields oxychloride of phos- 
phorus and sulphuric chloride (Sell iff, Ann. Ch. Pharm. cii. Ill) : 

SO* + PCl a =* POC1* + SCPC1*. 

13. Sulphuric oxide dissolves sulphur in various proportions, forming a brown, a 
green, and a blue liquid, the first of which contains the largest and the last the 
smallest quantity of sulphur. These solutions are formed by placing flowers of sul- 
phur and sulphuric oxido in alternate layers in a glass tube, sealing it, and heating it 
to 16° — 19°. They are decom posed by water, yielding sulphuric and sulphurous 
acids and free sulphur. (W ach, Scliw. J. 1. 1.) 

14. Sulphuric oxide unites with a tenth of its weight of iodine , forming a compound 
of a fine green colour, which may be crystallised. 

15. Vapour of nitric peroxide is rapidly absorbed by sulphuric oxide; and if the 
action bo moderated at first, by passing the vapour slowly and cooling the vessel, and 
finally assisted by gontle heating till the sulphuric oxide becomes saturated, a white 
crystalline mass is formed, fusible without decomposition at a gentle beat, and agree- 
ing nearly in composition with the formula NO*.SO*. When strongly heated, it de- 
composes, with evolution of oxygen, and a small quantitjpof nitric peroxide ; and if 
the heating be discontinued us soon as the evolution of oxygen ceases, there remains a 
hard crystalline compound, similar in appearance to the former? but consisting of 
N^CP.aSO* - 2(NO*.SO») - O (Wober, Pogg. Ann. cxxiii. 337; Jahresb. 1864, 
p. 155). — This latter compound, which may be regarded as anhydrosulphate of 
riitrosyl or azotyl, (NO)*S0 4 .SO*, is likewise obtained, according to De la 
Provostaye (Ann. Ch. Phys. [2], lxxiii. 362), by passing the vapour of nitric per- 
oxide into liquid sulphurous oxide: 

2 SO* + 4NO* - (N0)*S*0 T + N*0*; 

.and, according to Br fining (Ann. Ch. Pharm. xcviii. 377), by the action of nitric 
oxide on sulphuric oxide : 

3SO* + 2NO « (NO)*S*O f + SO*. 

16. A compound of sulphuric oxide with nitrous chloride , NOC1.SO*, is obtained 
by passing the vapours evolved from nitromuriatic acid, and dried bv chloride of 
“ calcium, over sulpnuric oxide till it is saturated. This compound is white and 
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lamino-crystalline, like stearic acid. When gently heated, it melts without coloration, 
but at a higher temperature, turns yellow and decomposes. With water it yields 
sulphuric acid, hydrochloric acid, and the decomposition-products of nitrous acid. 
In strong sulphuric acid it dissolves, with evolution of hydrochloric acid; and on 
heating the solution, a liquid distils over, consisting essentially of sulphuric chlor- 
hvdrato, SO’HCl. (Weber, Pogg. Ann. cxxiii. 233.) 

' 17. Dry ammonia-gas is absorbed by sulphuric oxide, forming sulphamate of am- 
monium, ' N 3 H*SO* (p. 476). 

Sidphato-iodie ■ Oxide or Anhydride, I*0\S0*. — This compound is formed by the pro- 
longed action of dry sulphurous oxide on pulverised iodic oxide (1*0®) at 100°. A 
small quantity of iodine is at first liberated, mid the iodic oxide is then converted into 
a light-yellow granulo-orystalline mass, which is quickly decomposed by water, with 
separation of iodine. By absolute alcohol it is quickly resolved into sulphuric aud 
iodic oxides. With alcoholic potash it forms iodate and sulphate of potassium. Strong 
sulphuric acid does not act upon it at ordinary temperatures ; hydrochloric acid dis- 
solves it, with evolution of chlorine, and formation of chloride of iodine. (Kaiu merer, 
J. pr. Chora, lxxxii. 72; Jaliresb. 1861, p. 134.) 

Su/phuto-acetic Oxide or Anhydride. — Vapour of sulphuric oxido is absorbed by 
cooled acetic oxide, forming a yellow gummy mass, which dissolves in water ; the 
solution, when neutralised with baryta-water and filtered, yields crystals of baric 
snlphueetate. (Schiitzenberger, Compt. rend, liii, 638 ; Jahresb. 1861, p. 439.) 

Sulphuric oxide unites with acetic acid, benzoic acid, and many other organic acids, 
forming sulphacctic acid, O'HH) 2 .S0*, sulphobenzoic acid, C T H®0 , .80 1 , &c. ; and with 
many hydrocarbons, forming sulphoaeids, which nmy be regarded as sulphurous others 
ip. 660): e.g., with benzol, C*li*, it forms eulphobenzolic or pheuylsulphurous acid, 
U-II^SO 1 - <SO)'.C B H 5 O.HO, &c. 

Chlorosid ph uric Oxide or Anhydride , S 3 0 5 C1*. — This compound, first obtained by II. 
Hose, by the action of sulphuric oxide on disulphide of chlorine (p. 636), is also pro- 
duced, according to Kosenstiehl (Compt. rend. liii. 658), by heating sulphuric 
oxido with dry pulverised chloride of sodium, distilling, and rectifying, to removo 
the last traces of sulphuric oxide. It is a colourless oil, of specific gravity T762 
(Hosonst ieh l) ; 1818 at 16° (Rose); boiling at 145° (Roho), between 146° and 
15 O' 1 (Koscnstiehl). It- is violently decomposed by water, and quickly chars 
organic bodies. With manganatos it evolves chlorine ; with alkaline chromates it 
forms chromic oxychloride, CrO*Q a : 

K 2 CrO* + S-OKU* - K*S*0 J + CrO’Cl*. 

l J otNMic Chlorotul- rotAifclc Chromic 

chromate. phuric oxide. anhvdro- oxychloride. 

iul|>nalc. 

With dry acetate of sodium, it forms chloride of acetyl. (Rosonstiehl.) 

Sulphuric Acid, ll'SO* - H 2 0.S0* - O 3 - (SO»)".HO.IIO.-Thw 

highly important acid is produced, as already observed, by the hydration of the anhy- 
dride; by the decomposition of sulphuric chloride ; by the oxidation of sulphur, sulphw 
dric acid, and sulphurous acid ; and by the decomposition of the polythionic acids 
(p. 640). 

Preparation . — By the oxidation of Sulphurous Acid. — Sulphuric acid is produced by 
passing moist sulphurous oxide and air through tubes containing^ .spongy platinum 
hi'iited to low-redness. Sulphurous acid is also slowly converted into sulphuric acid 
by mere exposure to air, and immediately by treatment with powerful oxidising 
h gents. The enormous quantities of sulphuric add manufactured in this countiy (mors 
than 100,000 tons annually), are made by burning sulphur or roasting pyrites, and 
oxidising the resultant sulphurous vapour by means of moist air and certain oxides of 
nitrogen. For this purpose, the sulphurous add vapour is mixed with vapour of nitrie 
acid evolved by decomposing a nitrate with sulphuric acid. This acid immediately 
converts a portion of the sulphurous acid into sulphuric acid, and is itself reduced to 
nitric oxide, NO ; and this gns coming in contact with air, is converted into nitrie 
j>eroxide, NO’, which reacts with another portion of sulphurous oxide and with water, 
in such a manner as to form sulphuric add and nitric oxide: 

NO* + SO* + H*0 - H*SO l + NO. 

The nitric oxide thus liberated again absorbs oxygen to form nitric peroxide, which 
again oxidises the moist sulphurous vapours into sulphuric acid, with liberation 
of nitric oxide, and so on continuously. Theoretically, therefore, a small quantity ^of 
nitric oxide should suffice to produce an indefinitely large amount of sulphuric acid. 
Sometimes, when there is but a small quantity of water present, the sulphurous . 
oxide and nitric peroxide react in the maimer already mentioned (p. 670), producing 
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ftnhydrosulphate of nitrosyl, (N0)*S*0 T , which, together with certain other sulphates 
of nitrosyl,, formed from it by the action of water and of the sulphuric acid already 
produced, is deposited as a white crystalline mass on the sides of the vessel or cham- 
ber in which the reaction takes place. The formation of these crystalline compounds 
is not, however, a necessary stage in the process, and in fact, when steam is largely 
introduced into the chamber (as in the present mode of making the acid), it docs not take 
place at all. 

The exact changes which nitric oxide, sulphurous oxide, oxygen, and water undergo, 
in prcsonee of one another, have been minutely studied by several chemists, particularly 
by Provostaye and Desains, but without any very definite results. The description 
above given must indeed be considered rather as a general than a strictly accurate 
account of the reaction. (See Gmelin'a Handbook, ii. 44.5 — 451 ; also W eber, Jahresb. 
1863, p. 738; 1865, p. 93; Bull. Soc. Chim. 1867, i. 151.) 

In tne manufacture of sulphuric acid on the large scale, sulphur is burnt slowly on 
an iron plate forming the fioor of a sort of furnace, the amount of air admitted being 
regulated by means of a smaller iron plate forming tho door of tlie furnace, so that the 
sulphur when once ignited, may go on burning and producing sulphurous oxide with 
tolerable uniformity. Upon the iron plate on which the sulphur is burnt is also 
placed an iron pot containing a mixturo of nitrate of sodium and sulphuric acid, which 
continues to generate nitric acid for some time. The sulphurous oxide and nitric acid 
vapour, from one or several furnaces, are conveyed by means of flues into a large 
leaden chamber having a capacity of from 50,000 to 100,*000 cubic feet or more. 
Within this chamber, into which steam is admitted continuously by several jets, the 
reaction chiefly occurs. The nitric acid is soon reduced to nitric oxide, after which 
the succession of chunges already pointed out takes place ; and dilute sulphuric acid 
collects on the floor of the chamber, whence it is drawn off into leaden evaporating 
pans. The vapours escaping from tho largo chamber are usually passed into one or 
two smaller subsidiary chambers also supplied with steam. In these a further con- 
densation occurs, and a still weakor acid is produced, which is run back into tho lingo 
chamber to becomo nioro concentrated. In some manufactories, the vapours from tho 
subsidiary chambers are then pussed through coke-scrubbers - that is, through columns 
packed -with coke, over which watrr is constantly pouring; and here a further conden- 
sation occurs, and a very dilute ncid is produced, which is pumped up into the 
subsidiary leaden chambers. In a few factories, Gay-Lussac’s scrubber is used instead 
of the water-scrubber. The coke in this case is kept moistened with concentrated 
tmlplmric acid, which completely absorbs tho nitric oxide gas. The acid is then pumped 
into a second similar scrubber, in which it is robbed of its nitric oxido by means of 
tho sulphurous oxide proceeding from the burning sulphur. In a theoretically perfect 
operation, there should bo no final escape into the atmosphere of any other gas than 
the nitrogen of the air admitted into the furnace, and thence into tho chamber; but in 
practice a small quantity of sulphurous or nitrous gas, or both, oscapos condensation, 
although the amount of sulphuric acid finally produced usually approximates very 
closely to the theoretical quantity. 

The ueid withdrawn from tho leaden chambers has generally a specific gravity of about 
1 55. By evaporation in a series of shallow leaden pans, its specific gravity is raised 
to abovo 1*7. This acid is usually dark-coloured, from the presence of organic matter, 
und is technically known by the name of “ brown acid.” The further concentration 
has to be effected in retorts of glass or platinum. With glass retorts the operation is 
intermittent. A number of large glass retorts are heated on a sand-bath until the 
requisite concentration is attained. Throughout the process, a diluted sulphuric acid, 
containing Bulphurous acid from the reaction of the organic mutter and sulphuric acid, 
distils over. This is returned to the leaden chamber, and the concentrated colourless 
acid is siphoned off from the retorts into carboys. With a platinum retort the process it 
contintfltKis. Brown acid is constantly admitted at the top, concentrated acid with- 
drawn frorajthe’bottom , and diluted sulphuric acid, with sulphurous acid, distilled off 
into receive&imence it is pumped back int-o the chambers. In commerce, the con- 
centrated cof&lrless acid, having a specific gravity reaching to 1842, or approximating 
very closely thereto, is alone known by the name of “ oil of vitriol.” 

The process above described is (substantially the same as that introduced by Dr. 
Roebuck about the year 1720. It is known as the English mode of manufacture, and 
the product is called “ English oil of vitriol.” This oil of vitriol always contains lead, 
and not ^infrequently other impurities, chiefly arsenic and nitrous or uitric acid. By- 
diluting it with water, the lead is thrown down as a white precipitate, which becomes 
black by the action of sulphuretted hydrogen. The arsenic may be recognised l»y 
Rein sen s or Marsh's tests, or by neutralising tho diluted acid with carbonate of potas-v 
sium, filtering from the resulting sulphate of potassium, and treating the acidulated 
filtrate with sulphuretted hydrogen, when a yellow precipitate will be produced. The 
nitrous or nitric acid can be detected by pouring in a dilute solution of sulphate of 
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to *-' 10 “ toilet * on the top of tho »dd. Tkm the two liquid, meet, a Wni.ti. 
puiple nng of dueolMahoB wiU be produced. The addition o? sulphide of barium to 


~t: : — v »‘»'**'*v U v 0 BU u uwauuiuon. The acid mav be* 

punfled from anedfe by heating it nearly to the boiling-point, end passing a current of 
hydrochloric acid gas through it; whereby the arsenic is curried over as volntilTllo- 
ride of arsenic, while the nitric and nitrous acids are expelled almost completely * The 
nitrons or nitric acid may also be entirely decomposed into water and nitrogeu-ius br 
heating the ucid with a little sulphate of ammouia ; and, lastly, by distilling the sul- 
phuric nnd after the separation of the art-enic and nitrous acid, it may be obtained nuita 
pure. The distillation must be effected in large retorts, heated, not at tho bottom but 
somewhat at the sides, to avoid the violent percussive ebullition which results from 
directly heating tho deposit of sulphate of lead which gradually forms at tho bottom of 
the retort The vapour of oil of vitriol has a very small latent heat, and, under any 
circumstances, the ebullition of the acid is somewhat percussive. The presence of 
platinum-dippings in tho retort prevents this action to a considerable extent 

According to NickUs (Coropt. rend. xlv. 250; Jahrosb. 1857, p. 119), commercial 
oil of vitriol often contains hydrofluoric acid, but may bo freed therefrom by diluting 
it with twice its bulk of water, and gently heating it for about fifteen hours— the 
hydrofluoric acid then volatilising. 

For further details respecting the manufacture, purification, and concentration of 
sulphuric acid, see Richardson and Watts’s Chemical Tecknohau, vol. i. t>fc. i t>d 
51-117, and pt. v. pp. 198-222. F 

Properties and Reactions.— Pure oil of vitriol, or normal sulphuric acid, IPSO 1 , is 
a heavy, oily, colourless, inodorous liquid, having a specific gravity of 1842. It boils 
at 327°, and freezes at - 36°. It is very hygrometrie, and, when exposed to moist air, 
wilt even double ite weight in the course of a fow days. Honeo it is in constant requi- 
sition as h desiccating agent. It abstracts water from many organic substances, and 
thereby gives origin t » now compounds. Thus alcohol, acetone, formic acid, glycerin, 
&o., when dehydrated by sulphuric acid, produco olefiant gas mesitylcne, carbonic 
oxide, and acrolein respectively. In many cases, the organic substances acted upon by 
sulphuric acid aro completely broken up or destroyed; as is especially the ease with 
woody fibre, sugar, and bodies of ailiod composition, which, by the- loss of water, 
become thoroughly charred or carbonised. This charring effect of strong sulphuric 
acid is highly characteristic. Tho diluted acid slowly destroys organic fibres, without 
rharring them. But tissues, moistened with dilute sulphuric arid and then heated, 
become charred from the concentration of tho acid which gradually takes place. The 
admixture of the strong acid with water is attended by a great development of heat. 

On mixing 4 parts by weight of oil of vitriol with 1 part of water, tho temperature 
rises from 0° to 100°. The cooled mixture of water and acid occupies a volume con- 
siderably less than that of the two separate liquids. 

Sulphuric acid is reduced to sulphydric acid by passing its vapour, with excess of 
hydrogen, through a tube heated to redness . — Phosphorus takes fire in sulphuric acid 
vapour, and liberates sulphur. At increased temperatures, not only zinc, iron , copper, 
mercury, silver, and most of the metals save gold and platinum, but also charcoal and 
sulphur, exert a reducing action upon strong sulphuric acid, and evolve sulphurous 
*okL All the metals of the zincic and ferric families, with the exception of copper, 
readily displace hydrogen from tho diluted acid to form their respective sulphates of 
metal. At ordinary or somewhat increased temperatures, sulphuric acid decomposes 
the salts of nearly all other acids, with production of the corresponding sulphates, and 
liberation of the respective acids. By its action on certain highly-oxidised metallic 
compounds, such as the peroxides of lead and manganese, and the manganic, chromic, 

*nd ferric acids, or their salts, it produces sulphates of the respective metals, with 
evolution of oxygen-gas. Sulphuric acid, like the anhydride, absorbs nitric otfi da gas, 
forming a crystalline sulphate of nitrosyl (p. 577), which dissolves unhanged in an 
excess of acid. The vapour of sulphuric acid is decomposed, at a red^M^ into water, 
sulphurous oxide, and oxygen. 

Sulphuric acid reacts with a large number of hydrogen iwd bodies, alkaline, neutral 
And acid, to form new compounds by the elimination of water. The typical reactions 
are the following: 

(1.) H*S0 4 + 2A - 2H a O - X. 

In accordance with this reaction, the neutral sulphates of ethyl and phenyl, 
also sulphobenride and sulphonaphthaiene, are formed by the action of sulphunc acid 

* On the preparation ofaulphaHe *eM free from arrenfc, for medtco-legal purport* , ret Blot am 
(Ctom. SocQoVJ. ot. M) j auo B algae i and Bum/ (J. Pi aim. [»J atlr. 177 * sJvL S»a j iabveatk 

»WS, p. 151 j ISe4,p. 144). 
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upon alcohol, phenol, benzene, and naphthalene, respectively. All these products aie 
neutral in their properties* 

(2.) H*SO« + A — IPO - Y. 

In accordance with this reaction, sulphanilic acid, ethyl Bulphujpic acid, phenylaul- 
phuric acid, phony Is ulphurous acid, and n aphthyl sulphurous acid are formed by 
the action of sulphuric acid upon aniline, alcohol, phonol, benzene, and naphthalene, 
respectively. Alt these products have the properties of monobasic acids. Sulphuric 
acid also reacts, in accordance with the above equation, upon benzoic and ot^ier 
monobasic acids : but then the products of its action (sulphobenzoic acid, for instance) 
have the properties of dibasic acids. The rule which applies to all such reactions as 
those now under consideration, is that the basicity of the product equals the sum of 
the basicit ies of the reagents, minus as many units of basicity as there are atoms of 
Water eliminated (see Acms, i. 49). 

(3.) 2 IPSO 4 + A - 2 IPO - Z. 

In accordance with this reaction, methylene-sulphurous, ethylene-sulphurous, naph- 
thylene-sulphurous, and phenylene-sulplmrous acids (p. 561), also disulphanilic acid 
(p. 479), have boon obtained. Agreeably to the above rule, all these products have 
the properties of dibasic acids. In the actual reactions, Nordhausen acid, or even 
sulphuric anhydride, is frequently employed. » 

Hydrates of Sulphuric Acid . — There arc two, if not more, well-defined hydrates of 
sulphuric acid — namely, the monohydrate, IPSO 4 . IPO, and the dihydrate, H 2 S0 4 .2H a 0. 
The first compound has a specific gravity of 178, and solidifies at 8° or 9°, forming 
a mass of colourless six-sided prisms, whence it is called glacial sulphuric acid. 
It hoi Is at 205° — 210°, giving off a weak acid vapour. It may be obtained by evapo- 
rating any dilute sulphuric acid at. a temperature of 206°, until it ceases to lose water. 
The second hydruto results from the mixture of 1 at. oil of vitriol with 2 at. water. 
This proportion corresponds with the maximum condensation (nearly 8 per cent.) 
which results from the union of the acid and water. Its specific gravity is 1*62. It 
boils at 193 \ giving off nothing but water until the temperature rises to 205°. It may 
be obtained by evaporating any more dilute acid at 100°, until it ceases to lose water. 
Both tiieso hydrates dissolve snow with production of intense cold. 

Fuming Sulphuric Acid . — This is a mixture or compound of sulphuric acid and 
sulphuric anhydride, obtained by the decomposition by heat of certain sulphates. The 
anhydrosulphates of the alkali-metals, M-S0 4 .S0 s , and the sulphates of the triatomie 
metals— iron ;ferrieum), bismuth, antimony, &c.— when subjected to dry distillation, 
give off sulphuric oxide or anhydride (p. 669), and if moisture is present, part of t his 
compound is converted into sulphuric acid. At Nordhausen, in Saxony, an impure 
ferric sulphate, obtained by exposing ferrous sulphate (green vitriol) to a moderate 
heat in contact with the air, is distilled in eartliern retorts arranged in a reverberat- 
ory furmicl'i; and the distillate, consisting chiefly of sulphuric anhydride, is received in 
a small quantity of water or, morn frequently, in ordinary oil of vitriol. The product 
thus obtained is a heavy brown oily liquid, known as Nordhausen, or Saxon, or 
fuming oil of vitriol. It has a specific gravity of 1*9, a composition corresponding 
nearly with the formula H*S 8 0 T , or H*SO'.SO s , and is probably a definite compound 
analogous to the metallic anhydrosulphates above mentioned. It solidifies at 0°. 
forming colourless transparent crystal*. When gently heated, it breaks up into sul- 
phuric oxide, SO 3 , which distils over, and sulphuric acid, H 2 80 4 , which remains. 

According to R. Muller (Ann. Ch. Pharm. exxii. 1 ; Jahresb. 1862, p. 93), a crys- 
talline compound of this acid with nitric peroxide, containing H a ,9 v 0 7 .N a 0 4 , is produced 
by the action of nitric peroxide in excess on ordinary concentrated sulphuric acid : 
2H*S0 4 + 2NO* = H*S0 7 .N 3 b 4 + H*0. It dissolves in concentrated more 
readily than in dilute sulphuric acid,. and separates unaltered on diluting the former 
solution with water. a 

Uses of Sulphuric Acid . — Sulphuric acid is the starting-point of nearly all impor- 
tant chemical manufactures. It is largely used in the preparation of nitric acid from 
the nitrates of potassium and sodium, of hydrochloric acid and chlorine from chloride 
of sodium, and consequently in the preparation of various bleaching compounds. 
Superphosphate of lime and artificial manures generally, of which many thousand tons 
are annual.y consumed In this country, are mad* by the action of sulphuric acid on 
bones, coprolites, &c. But the greatest consumption of this acid is in the manufacture 
of sulphates, especially of sulphate, of sodium from the chloride, which is the first 
step in the manufacture of commercial soda or carbonate of sodium. It is also largely 
used for dissolving silver-alloy* The fuming acid is used chiefly for dissolving 
indigo, the solution constituting the important dyestuff called Saxony-blue (iii 258 ). 
(Od ling's Manual cf Chemistry.) 
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For other tables of the strength of sulphuric acid, see Richardson and Watts’s 
Chemical Technology , vol. i pt. v. pp. 815-820. 


Derivatives of Sulphuric Acid. 

. Sulphuric Bromide, SOTk*. Bromide of Sulphur yl. Bromosulpkurtc Acid, 
—Prepared like the corresponding chlorine-compound. It is a while crystalline body, 
which volatilises at ordinary temperatures, and when heated in a sealed tube with 
excess of silver-sulphate, yields silver-bromide and sulphuric oxide, 80*Br* + Ag’SO 4 
— 2AgBr + SO*. (Odling and Abel, Chcm. Soc. Qn. J, vii. 2.) 
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SjTZPHUBic Cblorhtdrate, ILC1S0 9 « • Chlorhydrosulphu rou* 

Add. (A. W. Williamson, Proc. Roy . Soc. vii. 11.)— Phis compound, derived 
from sulphuric acid, (SO*)"HO.HO, by the substitution of 1 at. Cl for 1 at. HO, is 
the first product of the action of phosphoric pentachloride upon strong sulphuric acid : 

( HO)*SO » + PCI 8 » C1(H0)S0 3 + HC1 + P0C2* 

It is also produced by the action of water on sulphuric chloride : 

Cl-SO* + H 2 0 = Cl(HO)SO* + HC1; 

by the direct combination of hydrochloric acid gas and sulphuric oxide ; and by the 
action of platinum-black on an imperfectly dried mixture of chlorine and sulphurous 
oxide. It appears also to be identical with the compound which II. Kose obtained by 
distilling disulphide of chlorine with fuming sulphuric acid (p. 535). 

Sulphuric chlorhydrate is a colourless liquid, winch boils at 145°, and is at the same 
time partially resolved into sulphuric acid and sulphuric chloride : 2HC1SO* = IPSO 4 
+ CrSO 8 . — By pentachloride of phosphorus it is converted into sulphuric chloride. — 
When poured into water , it sinks to the bottom, and gradually dissolve©, with forma- 
tion of sulphuric and hydrochloric acids. It has decidedly acid properties, and forms 
definite salts, in which its hydrogen is replaced by metals thus it dissolves chloride * 
of sodium at a gentle heat, with evolution of hydrochloric acid and formation of the 
salt NaCISO*. — With nitrate of sodium , it yields sulphate of sodium and 1 chloride of 
nitiyl : 

Na(XO*)0 + HC1SO* = NaHSO 4 + NO*Cl. 

Ethyl- and phenyl-compounds analogous to sulphuric chlorhydnitc arc produced by 
the direct combination of ethylic and plicnylic chloride with sulphuric oxide. — The 
ethyl-compound , C*H ft ClSO*, is a colourless, oily, pungent liquid, heavier than water, 
at the bottom of which it will lie for weeks without thoroughly decomposing. Sul- 
phuric and hydrochloric acids may, however, be detected immediately after its immer- 
sion, and on neutralising the liquid with baryta, a soluble barium-salt is formed, 
probably the ethvlsulphate. — A similar compound is formed by chloride of Inethyl, 
and apparently also by chloride of acetyl. ( R. Williamson, Cljeni. Soc. Qu. J. x. 100.) 

The phenyl-compound , C*H 4 C1S0 S , is a liquid which, when treated with excels* of 
milk of lime, forms a soluble caleium-salt, C l *H"Ctt"Cl*S a O s l which separates on evapo- 
ration in fiat tabular crystals. (Hutchings, Chem. Soc. Qu. J. x. 102.) 

Sulphtjbic Chloride, S0*C1*. Chloride of Svlphuryl Sulphuric Ckloralde - 
hyde. Chlorostdphuric Acid. (Rognault, Ann. Ch. Phys. [2],lxix. 170; lxxi. 445.— 

A. W. Williamson, Proc. Roy. Soc. vii. 11.) — This compound, which may be regarded 
as sulphuric acid in which 2 at. HO are replaced by 2 at. Cl, was discovered by Iteg- 
nau.lt, who first obtained it, mixed with chloride of ethylene, by passing dry chlorine 
into a mixture of ethylene-gas and sulphurous oxide ; afterwards, in greater quantity, 

^ by exposing a mixture of chlorine and sulphurous oxide gases to strong sunshine for a 
considerable time. The resulting liquid may be freod from excess of chlorine by 
agitation with mercury and subsequent distillation. It is also produced by the action 
of phosphoric pentachloride on sulphuric oxide; but it is best obtained by distilling 
strong sulphuric acid with the pentachloride, or sulphate gf load with the oxychloride of 
phosphorus : 

SO* + PCI* - S0 2 C1* + POCl* 

■W .* H»30* + 2PC1* - SO*Cl» + 2 POCl' + 2HC1 

-T- 8PbSO* + 2POC1* - 3SO*Cl’ + Pb»P-0“ 

Sulphuric chloride is a colourless faming liquid, of specific gravity 1*66. It boils at 
77°, and may be distilled unchanged qfrfer caustic lime or baryta. When poured into 
water, it sinks in the form of oily drops, which gradually disappear, being converted 
into hydrochloric and sulphuric acids : 

SO*Cl* + 2H*0 - 2HC1 + H*SO\ 

With alcohol it behaves in a similar manner, thus : 

S0 9 C1* + 2(C*H*)H0 - 2C*H S CI + H*S0 4 
In the actual reaction, however, the sulphuric acid is converted into ethylsulphuric add 
by the intervention of another atom of alcohol : 

H*S0 4 + (C*H*)HO - H*0 + (C*H*)HS0 4 . 

With dry ammonia-gas, or with commercial sesquicarbonate of ammonia, it forma rob 
phamide, according to Begnanlt : 

SOKJl* + 4NH* - 2NH 4 C1 + N*H 4 SO*. 
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According to H. Row, bower*, the product thus obtained ii a mixture of sal-ammoniac 
and neutral sulphamate of ammonium (p. 476). •& 

Niteososulphubic Acid, IPSO^NO)*, Niirostdpkuric Arid. Asotylsulphurie 
Jcid, Nitrosulphurous Acid, — A dibasic add, known only in its alkaline salts, which 
are produced by the simultaneous action of sulphurous and nitric oxides on caustic 
alkaline solutions. (See Nitbososulphates, iv. 116.) 

Sulphates of Nxtbosyl or Aeotyl. — These are salts produced by the action 
of sulphuric acid and sulphuric anhydride on the oxides of nitrogen. Three of them 
are known, corresponding exactly in composition to the sulphites of sodium, thus ; 


Sodium-salt*. Nitrotrl -salts. 

HNaSO 4 Acid sulphate H(N0)S0 4 

• Na a SO* Neutral sulphate (NO)*S0 4 

Nt^S'O* Anhydrosufphate (NO) a S*O r . 

Acid sulphate of nitrosyl was obtained by Weltzien (Ann. Ch. Pharm. cxr. 213 ; 
Jabresb. 1860, p. loff), as a white crystalline mass, by passing nitrous anhydride into 
norjgjl sulphuric acid : 

2H’S0 4 + (N0)*0 - H*0 + 2H(N0)SO 4 . 

It is probably identical with the compound formed by heating the anhydroeuiphatc 
with sulphuric acid containing a little water, and crystallising : 

(N0)*S*0 T + H*0 - 2H(N0)S0 4 . 


Neutral sulphate of nit rosy I, (NO^SO 4 , has been described by Gay-Lussac, Provo* 
stiye, Mitschcrlich, and others. It is produced by the action of nitric peroxide on 
sulphuric acid, thus : 

IPSO 4 + 4N0* - (N0)*S0 4 + 2HN0*. 

By this process, Gay-Lussac obtained it crystallised in four-sided prisms. It is also 
said to be produced by the action of nitric oxide on sulphuric acid (Henry and 
P k s s o n) ; by that of nitric peroxide on sulphurous acid ( II. L a vy ) ; by dissolving the 
anhydrosulphate in a small quantity of hot oil of vitriol (Provostay e), and in other 
ways. (Gmr tin's Handbook, ii. 447.) 

T^e anhydrosulphate. of nitrosyl, (N0)*S a 0 7 — (NO) 'SO 4 . SO 1 , is formed by the 

action of sulphurous oxide on nitric peroxide (Provostay e), also of sulphuric oxide 
on nitric oxide (Pruning); and by heating the compound NO a .SO*, resulting from 
the direct combination of nitric peroxide and sulphuric oxide (P. Weber)--(gee p.o* 0). 
It is a hard, white, amorphous mass, which fuses when heated, and volatilises without 
decomposition. It dissolves in concentrated sulphuric acid, apparently without change ; 
but with slightly diluted sulphuric acid, it forms a bulky crystalline substance, pro- 
bably the acid sulphate of nitrosyl. When heated, it gives off brown vapours ; ana as 
the distillation is continued, the distillate approaches more and more to the composi- 
tion ^O'.aSO*. or (NO^O^SO*. (Weber, Jahresb. 1862, p. 94.) 

All the sulphates/of nitrosyl are deliquescent, and are immediately decomposed by 
water into sulphuric acid ana nitric oxide gas. 

The crystals which form in the leaden chambers during the manufacture of oil of 
vitriol, when only an-insufficient quantity of steam is admitted, are perhaps a mixture 
of the different sulphates of nitrosyl just noticed. According to Weber, however {Joe. 
dt.) t they consist entirely of the add sulphate, H(N0)S0 4 . 

Metallic Sulphates. 


Genera? formula, M^SO 1 , or, a multiple thereof.— The sulphates form a very abun- 
dant class of salts, which are usually obtained, as above mentioned, by the action of 
sulphuric acid on metals, or on their hydrates, oxpeft, and salts. Some of them ore 


phetes (as those of barium and lead) are formed by precipitation, and the sulphates of 
potassium and sodium may be formed by fusing the insoluble sulphates of barium, 
strontium, calcium, and lead with potassic or sodic carbonate, or by boiling the inso- 
luble sulphate with a solution of alkaline carbonate. Lastly, sulphates are formed by 
the oxidation of sulphides: the sulphates of iron, zinc, and copper are obtained in this 
manner, by oxidation of the native sulphides of those metals. 

The sulphates may be divided into the following groups ■ 

1. Type, tiPSO 4 — <“’> | O 1 . — This group includes the sulphates of the mona- 
tomic metals and the neutral sulphates of the diatomic metals. With the alkali-metals, 
sulphuric acid farms add and neutral salts: KHS0 4 and K*80 4 ; also double salts, 

Yql Y. 
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such as CSH 4 ) Jfa SO 4 , Potassium and sodium also forty aubjuiroaulpbateg, composed 
of a molecule of the neutral salt united with sulphuric anhydride; e.g., ffa8CH.3Q , > 
All the sulphates of the alkali-metals are soluble in water; the neutral potassium-salt’ 
however, is much less soluble than any of the others. 

The diatomic metals — that is to say, all the earth-metals excepting aluminium, thori- 
num, and zirconium, and the greater number of the heavy metals, — form neutral 
sulphates, represented by the general formula M"S0 4 . The sulphates of barium, 
strontium, calcium, and lead are found native. The barium- and lead-salts are inso- 
luble in water; the strontium-salt almost insoluble ; the calcium-salt slightly soluble ; 
the magnesium-salt and the heavy metal sulphates are freely soluble, except that of 
mercury, IIg"SO*, which is decomposed by water. The hoavy metal sulphates hare 
an acid reaction, and all of them, except the sulphate of lead, and perhaps those of 
manganese and zinc, ard decomposed by ignition. 

2. Sulphates formed on the Type of a Double Molecule of Sulphuric Acid, H 4 S*0* 


mm ) jo 4 . — This group includes a few simple sulphates (e. g., stannic sulphate, 

Sn tr S*0 # , and zirconie sulphate, Zr ,T S z O") and a large number of double sulphates, 
containing: (a), 1 atom of a diatomic and 2 atoms of a monatomic metal, such as 
potHSsio-cupric sulphate, K 2 Cu"S*O h ; (8), 1 atom of monatomic and 1 atom of 
triatomic metal, such as common alum, or potassio-itluniimc sulphite, KAr'S'O*. 
All these double sulphates are soluble salts, decumposihle into their constituent 
salts by excess of water or by diffusion. Tim sub-group a likewise includes the 
acid sulphates of barium and calcium, Ba''IFS*0 8 and Ca"H*S v O*. 


3. Type, II^O 12 = ^ ^ ^ O a . — This group includes the neutral sulphates of 

the triatomic metals: e.g., Al 2 S 3 0 ,2 f I'e^O 12 , &c. These salts are often found 

native: they are soluble, strongly acid compounds, decomposable by ignition. To 
the same group belong certain acid and double sulphates of the alkali- metals : e.g., 
K*nW* and K 4 Li*S»0» 

There are also a few sulphates derived from highor multiples of H 2 SO\ which will 
bo noticed further on. 

Nearly all sulphates are crystallisable. The insoluble or difficultly soluble sulphates 
of lend, barium, strontium, and calcium occur native, in large well-defined crystals; 
many soluble sulphates also in smaller crystals, or crystalline masses. Many crystal- 
line sulphates contain considerable quantities of water of crystallisation: thus the 
sulphates of iron, cobalt, nickel, manganese, zinc, and magnesium crystallise with 
7 at. water; the double sulphates of the alkali-metals and the metals of the ferro- 
mngnesian group with 6 at. water; the alums with 12 at. water. 

Among the crystalline sulphates, there are several isoiuorphous groups — viz., the 
anhydrous sulphates of potassium and sodium (trimetric) ; the anhydrous sulphates of 
calcium, strontium, barium, and lead (tri metric); the pentahydrated sulphates of 
manganese and copper (triclinie) ; the hoxhydnitod sulphates of zinc, nickel, and 
cobalt (monoclinic); t.ho hexhydmted double sulphates of the alkali-metals with 
magnesium, zinc, nickel, cobalt, iron, manganese, and copper — e.g., K a Mg"S 2 0".6lT v O 
(monoclinic); and the alums, or dodeeahydrated double sulphates of the alkali-metals 
with the sulphates of triatomic metals — e.g., KAr"S*0 8 .12H 2 0 (monometrio, and 

mostly octahedral). 

The simple sulphates of the ferromagnesian family, with 5 or 7 at. water, retain 
1 at. with very considerable force. Thus sulphate of magnesium, MgSO^H’-’O, 
loses 6 at. water at a temperature not much above 100°;. but it. holds back the 
seventh atom, even when heated to upwards of 200°. This last atom of water retained 
by the ferromagnesian sulphates was called, by Graham, constitutional 
water. The monoliydrated sulphates of the form M*'S0bIi 2 0 are analogous to glacial 
sulphuric acid, H*S0MI*0. 

The dodeeahydrated double sulphates of the alkali-metals and triatomic metals con- 
stitute the true alums. The sulphates of ammonium, potassium, and sodium are 
capable of forming alums with the aluminie, ferric, chromic, and manganic sulphates : the 
existence of sodium-iron-alum and sodium-manganese -alum appears, however, to 
be doubtful. Alums have also been formed containing the monatomic metals, 
thallium and silver : eg., silver-ahum ni u m-alum, AgAr''S*0 , .12H t 0 ; and Wurtz has 
obtained an ethyl-ammonium -alum, (C*H*N) Ar'S’0M2H*0. In addition tothese, 
there are eeveral pseudo-alums, derived in like manner from 2 at. sulphuric 
acid, but having a different number of atoms of crystallisation-water, or a different 
crystalline form — eg., KCr"'S*0\6H I 0 ; or containing diatomic metals, and derived 
from 4 at. sulphuric acid, such as Mn w (Al' w )*S l 0‘»*24H*0 ; Fe M (Fe"')* S 4 p M *24H 3 O t &C. 

. The genuine alums are all soluble in water, forming solutions which have a itjpis 
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taste, and marked acid reaction. The first effect of heat upon the alums is to drive 
off their water of crystallisation ; a further degree of heat renders the dried residues 
very difficultly soluble in water, while a still higher temperature converts them into 
basic salts by the loss of sulphuric anhydride. The ammonium-alums, when heated, 
leave a residue of pure trioxide. The fixed alkali-alums leave a residue of trioxide 
mixed with sulphate of alkali-metal. It requires a very powerful and prolonged boat 
to drive off the last traces of sulphuric acid from the trioxides thus produced. 

Basic Sulphates. — Most of the alums yield more or less defined basic salt s. The 
best known of these is the native crystalline alum-stone, having the formula KA1S*0\ 
AP0’.4lI*O. It corresponds in composition with the basic ainmomum-alum formed 
by digesting gelatinous alumina in a hot solution of the normal alum, and having the 
formula (NH*)A1S»0“.A1 2 0 3 .4IPO. 

The diatomic metals yield a largo number of basic sulphates, which mny be regarded 
as normal sulphates, combined with metallic oxide replacing the water of hydrated 
sulphuric acid on its salts. Thus there is a dibasic sulphate of zinc, Zn"fSQ 4 .Zn"0, 
corresponding to glacial sulphuric acid, IFSOMFO ; a tribasic sulphate of mercury, 
Ug'*S0 l .2Hg M 0, corresponding to the second hydrate of sulphuric acid, H , SO- , .2M‘() ; 
and a tribasic sulphate of copper, Cu"S0V2Cu"0. 311*0, corresponding to blue vitriol, 
Cu"S0 4 .i»H 2 0. Much more highly basic sulphates may also be obtained, and will be 
described in their places. Most of these basic sulphates are insoluble in water, and 
those few which ure soluble arc decomposed by a great excess of water into metallic 
oxide or hydrate and normal metallic sulphate. 

Respecting the reactions of sulphates, sue p. 536. 

Sulphates of Aluminium.- a. The normal (nr neutral) sulphate, AP(S(P) - *■ 
AF0 S .3S0 S , occurs, as a hydrate containing 18 at. water, in delicate fibrous masses or 
crusts, in various localities: as at Bilin in Bohemia, on the volcanic island of Milo 
in the Grecian Archipelago, in tbo crater of the volcano of Pnsto, at Copiapo in 
Philo, Adelaide in Australia, &e. ; it. is known mineralngicnlly as alunopcn. hair-salt, 
feather alum, and hdtatrichite. Hanlndss = lA to 2. Specific gravity « 16 to 18. 
Lustre vitreous. Colour white, or tinged with yellow and red. Suhtmiishicent to sub 
transparent. 

This salt is prepared on the large Bcalo as concent rated alum, for use in dyeing 
instead of common alum, by treating pure clay with strong sulphuric acid. The clay, 
which must be as free as possible from iron, is heated to redness to render it porous, 
then finely ground, and mixed with half its weight of sulphuric acid of specific gravity 
1 1 1, in a reverberatory furnace, the hoarth of which lias tho form of a walled pan. The 
mixture is heated till the acid begins to volatilise; the mass is exposed to the air for 
srveral days, then treated with water; and tho rosulting solution of aluminic sulphaln 
is freed from iron by careful precipitation with ferroeyanido of potassium. The solu- 
tion thus purified is then evaporated to a syrup, and transferred to small leaden pans, 
in which it. solidifies to a crystalline mass (Dumas). According to II wrier and 
Brunei (Pharm. Ccntr. 1852, p. 544), this suit may also bo obtained [anhydrous | by 
heating ammonium-alum in iron cylinders, th«* sulphite of ammonium thereby 
evolved being received in water, and reconverted into sulphate by oxidation in the air. 
According to Persoz (Ann. Ch. Phys. [3], Ivi. 102), a solution of alum, or of sulphate, 
nitrate, or chloride of aluminium, mixed with a large excess of ladling concentrated 
sulphuric acid, deposits the anhydrous sulphate as a white powder. 

Neutral aluminic sulphate ciystallises with difficulty in thin, flexible, nacreous 
laminne, having a sweetish taste, soluble in 2 pts. of water, insoluble in alcohol. 
According to Persoz, the crystallisation is much facilitated by adding alcohol to the 
solution. The salt when heated melts in its wafer of crystallisation, swells up 
strongly, and leaves a white porous mass, consisting of tho anhydrous sulphate, 
which dissolves very slowly in water, and when heated to redness leaves pure 
alumina. 

0. Basic Salts. — Dibasic aluminic sulphate, 2A1 , 0 , .3S0* == Al a (S0') , .Al*0*, is 
obtained by heating a solution of the normal sulphate with alumina or with the fol- 
lowing salt, filtering while hot, "and evaporating to dryness at a gentle heat. It is a 
gummy mass, which is decomposed by water into the normal sulphate and the tribasic 
*alh (Ms us, Pogg. Apn. xi. 80.) 

The tribasic sulphate, 3Al*0*.SO*.9H*0, or APLSOy,2Al*OM>IPO, occurs native as 
atumimte , a white, opaque, earthy mineral, of a peciflo gravity 170 ; it is also precipitated 
from the solution ofthe normal sulphate on Addition of a small quantity oi ammonia. 
It dissolves in hydrochloric acid, and at a red heat gives off sulphuric oxide, and leaves 
alumina. 

The tetrabasic salt, 4 APO-.3SO* 36H*0 or Al\80«)* 3Al*O i .36H*0, is produced by 
digesting finely-divided calcic carbonate, for several days, in a cold solution of alum in 
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txcess. It is perceptibly crystalline, xexy soluble in dilute add., even j, 
acetic ackL-The same salt is obtained by the action of sine on » cold 

a/ unM n/c su/nbsfft The action is very slow, even when electrolytic j ^ 
lerated by placing the materials on a platinum-dish; but after a week, a transputer 
felly is obtained, which, when separated by washing from zinc and excess of alwninie 
sulphate, and dried over oil of vitriol, solidiBes in small transparent masses Wing a 
-vitreous fracture. (De bray, Bull. Soc. Cbim. [2], rii. l.) 

The pentatosie salt, dAl-O*. 3SO'.20H 2 O, is obtained by gently boiling a solution of 
the normal salt with zinc in a platinum-dish. A granular precipitate is thereby 
formed , easy to wash, and soluble in dilute acids; it gives off its water at 100°. (De- 
bra y.) 

y. Double Salta of Aluminic Sulphate. Alums. — The formula of normal 
aluminic alum is Ar"M(S0 4 )*.l 2H*0, M denoting a monatomic, and for the most part 
an alkali -metal. Their general characters have been already described (p. 579). 

Ammonio-aluminic Sulphate, A1(NH 4 )S0 4 .12H 2 0. Ammonia-alum . — This salt is pre- 
pared, like potash-alum, by adding sulphate or chloride of ammonium to a solution of 
aluminic sulphate. It is also found native as tscJurmigite, at Tschermig in Bohemia, 
in octahedrons and fibrous masses : hardness — 1 to 2 ; specific gravity = 1-56. 
According to Buignet (Jahresb. 1861, p. 15), the specific gravity of the artificially pre- 
pared crystals is 1*653. It is more soluble in water than potasli-alum, 100 pts. of 
water dissolving 6-22 pts. of it at 0°, and 4219 pts. at 100°. In other respects it 
bears the closest resemblance to potash-alum, and is used for the same purposes; in 
fact, the application of the alums as mordants, &e., depends upon the sulphate of 
aluminium which they contain, not on the alkaline sulphate. When heated to redness, 
it leaves anhydrous alumina, and when heated with alkalis, it gives off ammonia. — A 
basic ammonia-alum , analogous to basic potash-alum, is obtained by gradually adding 
ammonia to a boiling solution of the normal alum, but not to complete satura- 
tion. 

Argento-aluminic sulphate, or Silver-alum, AlAg(S0 4 )*.12IP0, is obtained 
by heating equivalent quantities of argentic and aluminic sulphate with a small quantity 
of water, in an oil-bath, till the argentic sulphate is completely dissolved. It crys- 
tallises in octahedrons, and is resolved by wator into its component salts. (Church, 
Chem. News, ix. 155.) 

Ctcsio-aluminio sulphate, or Ccesium-alum, AICs(SO *) 2 . 1 2IFO, crystallises 
in octahedrons, having a glassy lustre (Bunsen). 100 pts. of water at 17° dissolve 
0619 pt. of this salt; in hot water it dissolves as easily as potash-alum. (J. Red- 
ten bach er,' J. pr. Chem. xciv. 42.) 

Potassio-al itminic sulphate, or Potash-alum , A1K(S0 4 )*.1 211*0. — This is 
the salt to which the name alum is most generally applied. It is obtained by adding 
sulphate or chloride of potassium ton solution of sulphate of aluminium. Thesulphate 
of aluminium is sometimes prepared for this purpose from clay by the action of sul- 
phuric acid in the manner already described, btit more frequently by the calcination of 
aluminous schists, which are argillaceous rocks containing considerable quantities of 
sulphide of iron. The sulphide of iron is converted, by exposure to the air, into ferrous 
sulphate and free sulphuric acid : 

2FeS* + O' + IDO - Fe"S0 4 -f H J S0 4 ; 


and the sulphuric acid, acting on the alumina contained in the day, forms sulphate of 
aluminium. These aluminous schists are found in two different geological positions — 
vis., in the transition strata [alum-slate], in which position they are largely im- 
pregnated with bitumen ; and in the lower tertiury strata, just above the chalk 
[alum-earth]. The latter are much less compact than the former; consequently their 
oxidation is easier, and sometimes takes place spontaneously. The greater part of the 
alum manufactured in England, France, and G ermany is obtained from the aluminous 
schists. 

The most extensive alum manufactory in Great Britain is at Hurlett, near Paisley. 
The next in magnitude is at Whitby, of whose state and processes an instructive 
account was published by Mr. Winter in the twenty-fifth volume of “ Nicholson's 
Journal.** The stratum of aluminous schist is about twenty-niue miles in width, and is 
covered by strata of alluvial soil, sandstone, ironstone, shell, and clay. The alum-schist 
is generally found disposed in horizontal laminae. The upper part of the rode is ths 
most abundant in sulphur, so that a cubic yard taken from the top of the stratum is 
five times more valuable than the same bulk 100 feet below. 

If a quantity of ths schist be laid in a heap, and moistened with sea-water, it witt 
take fire spontaneously, and continue to burn till the whole inflammable matter !* con- 
sumed. its colour is bluish-grey. Specific gravity *» 2*48. It imparts a bituminous 
principle to alcohol. 



The rock, broken into small pieces, is laid on a horizontal bed of fuel, composed of 
brushwood, &c. When about four fed in height of the rock ia piled on, fire is set to the 
bottom, and fresh rock continually poured upon the pile. This is continued until the 
calcined heap is raised to the height of 90 or 100 feet. Its horizontal area is at the same 
time progressively extended, tUL it forms a great bed nearly 200 feet square, having 
about 100,000 yards of solid measurement. The rapidity of tho combustion is allayed 
by plastering up the crevices with small schist moistened. Notwithstanding this pre- 
caution, a great deal of sulphuric or sulphurous acid is dissipated. 130 tons of calcined 
schist produce, ou an average, one ton of alum. This result has been deduced from 
an average of 1 50,000 tons. 

Tho calcined mineral is digested with water in pits usually containing about 60 
cubic yards. The liquid is drawn off into cisterns, and afterwards pumped up again 
upon fresh calcined mine. This is repeated until the specific gravity becomes 1*15. The 
half-exhausted schist is then covered with water to take up the whole soluble matter. 
The strong liquor is drawn off into settling cisterns, whore the sulphate of lime, iron, 
and earth are deposited. At some works the liquid is boiled, which aids its purifica- 
tion, It is then run into leaden pans 10 feet long, 4 feet 9 inches wide, 2 feet 
2 inches deep at the one end, and 2 feet 8 inches at the other. This slope faci* 
litates the emptying of the pans. Here the liquor is concentrated at the boiling heat. 
.Every morning the pans are emptied into a settling cistern, and a solution of chloride 
of potassium (either pretty puro from the manufacturer, or crude and compound from 
tho soap-boiler) is added. The quantity of chloride necessary is determined by a 
previous experiment in a basin, and is rogulatcd for the workmen by the hydrometer, 
by this addition, the pan-liquor, which had acquired a specific gravity of 1*4 or 15, is 
reduced to 1*35. After being allowed to settle for two hours, it is run off into the 
coolers to be crystallised. At a greater specific gravity than 1*35, the liquor, instead 
of crystallising, would, on cooling, solidify in u magma resembling grease. Urine is 
occasionally added, to bring it down to the proper density. 

After standing four days, the mother-waters are drained off, to bo pumped into tho 
pans on the succeeding day. The crystals of alum aw washed in a tub and drained. 
They are then put into a lead pan, with as much water as will nmke a saturated 
solution at the boiling-point. Whenever this is effected, the solution is run off into 
casks. At the end of ten or sixteen days, the casks are un hooped and taken asunder. 
The alum is found exteriorly in a solid cako, but in tho interior cavity in largo 
pyramidal crystals, consisting of octahedrons, inserted successively into one another. 
This last process is called “roching.” JVIr. Winter says that 22 tons of chloride of 
potassium will produce 100 tons of alum, to which 3i tons of tho black ashes of the 
soap-l>oilcr, or 73 of kelp, are equivalent. Whero much iron exists in the alum-ore, 
the alkaline chloride, by its decomposition, gives rise to an uncrystallisable chloride ot 
iron. For this reason it is preferable to the sulphate of potassium. 

Alum may also be obtained from cryolite, Al 2 E s .3NaF, by heating tho -mineral with 
three times its weight of strong sulphuric acid, whereby anhydrous neutral sulphate of 
aluminium and acid sulphate of sodium am obtained ; treating the resulting muss with 
a small quantity of cold water to remove the acid sodium-salt; theu digesting tho 
anhydrous sulphate of aluminium with warm water, to convert it into the hydrated 
salt, and adding the proper quantity of sulphate of potassium. The alum thus obtained 
is nearly if not quite free from iron. (Persoz, Ann. Ch. Phys. [3] lvi. 105.) 

At Tolfa near Rome, and in two or three other localities, there is found a mineral 
called aluniie or alum-stone, consisting of common alum together with normal hydrate 
of aluminium, A1K(S0 4 )* 2A1H*0*. Now when this mineral is calcined, at a moderate 
Lout, the hydrate of aluminium is decomposed into water aud anhydrous alumina, 
while the sulphate of aluminium and potassium remains unaltered, provided the heat 
has been prevented from rising too nigh ; and on treating the calcined mass with 
water, the double sulphate dissolves, while the alumina remains behind. The mineral 
before calcination is quite insoluble fn water. The solution when evnjiorated yields 
the alum in cubic crystals, generally having a reddish tint produced by ferric oxide. 
This kind of alum, called Roman alum , is much valued by dyers, because the iron 
which it contains is in an insoluble state, and therefore cannot exert^ any injurious 
effect on the colours. — Alum prepared in the ordinary way always contains iron in the 
soluble state, viz. as ferric sulphate, Fe^SO 4 )*, which, being isomorphous with sulphate 
of aluminium, is difficult to remove by successive crystallisation. It may be precipi- 
tated by ferrocyanide of potassium, as described in the preparation of sulphate of 
aluminium; but a cheaper way, recommended by Th6nard, is to dissolve the alnm in 
boiling water? and stir the solution briskly with rods as it cools. The salt is thus 
reduced to a fine granular powder, which, when washed two or three times with cold 
water, yields alum containing only a trace of iron. [On the manufacture of alum, sea 
further UrJg Dictionary of Arts, &c. i. 101 — 118.] 
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Alum sometimes occurs in nature ready-formed. This is the case at Pozzuoli near 
Naples, where it effloresces on the surface of the soil. It is dissolved out by water, and 
crystallised by evaporation. 

Alum generally crystallises in regular octahedrons and in cubes. Its specific gravity 
is 1*7. The octahedral crystals are the most common, and are always deposited from 
boiling concentrated solutions. The cubic crystals have an especial tendency to form 
ill solutions containing an excess of alumina, and at a temperature not exceeding 50°, as 
in the preparation of Roman alum. If carbonate of potassium be added to a solution 
of octahedral alum, in water at 40° or 46°, till the precipitate ceases to redissolve com- 
pletely, and the filtered liquor be then left to itself at a gentle heat, cubic alum will be 
obtained quite free from iron. On the other hand, when a solution of cubic alum in cold 
water is abandoned to spontaneous evaporation, the alum is deposited in octahedrons. 
The two forms are identical in composition (Lowel, Compt. rend, xxxvi. 595). Some- 
times intermediate forms occur, like figs. 194, 195, 196 ( Ckystali.ogra.pky, ii. 129), 
or combinations of the cube and octahedron with other forms of the monometric 
system, likens. 199, 202, 204, 205, 208, 209, 212, 273 (ii. 130-132); also aggre- 
gates and distorted forms, like Jigs. 316, 317, 347, 348, &c. (ii. 159, 164). 

According to fc'oggiale, 100 pts. of water dissolvo 3*29 pts. of crystallised alum at 
0°; 9*52 pts. at 10 ; 22 pts. at 30°; 31 pts. at 60°; 90 pts. at 70°, and 357 pts. at 
100° (Graham's Elements, 2nd edition, i. 607). The solution has a sweet and strongly 
astringent taste, an acid reaction, and dissolves zinc and iron, with evolution of hydro- 
gen. — When 2 pts. of alum are dissolved in 1 pt. of boiling water, and the 
solution is left to cool in a closed vessel, no crystallisation takes place ; but as soon as 
the vessel is opened, small octahedral crystals begin to form on the surface, and in a 
Bhort time the crystallisation extends through the whole mass. This is an instance of 
supersaturation similar to that exhibited by sulphate of sodium. (Lowel, Ann. Ch. 
Phvs: [3], xiii. 405.) 

Crystallised alum effloresces slightly on exposure to the air. According to Hertwig 
(Pogg. Ann. lv. 99), it gives off 5 at. water at 100°, and 4$ at. more at 120°, leaving a 
residue containing 2AlK(S0 4 )*. 51PO. This residue evolved 4 at. water at 180°, leaving 
2AIK(S0 4 )‘ 2 .H*0 ; and at 200°, half of this remaining quantity is given off, leaving 
4Al-K(80 4 ) a + IPO. According to Gerhardt (J. Pharm. [2], xii. 57) crystallised 
alum gives off 10 at. water at 120°, leaving a residuo easily soluble in water; and 
at 200", the whole is expelled, and the remaining anhydrous alum, sometimes called 
burnt alum, is iusoluble. Alum heated to redness with charcoal in a close vessel 
yields a mixture called Homberg's pyrophorus. which becomes red-hot on exposure to 
t ie air. It consists of very finely-divided charcoal and sulphide of potassium, inter- 
mixed with sulphate of aluminium. 

Alum is used in large quantities in many manufactures, especially in dyeing as a 
mordant. When added to tallow, it renders that substance harder. Printers* cushions 
and the blocks used in the calico-manufactory are rubbed with burnt alum, to remove any 
grcrtsinoss that might prevent the ink or colour from sticking. Wood sufficiently 
soak ml in a solution of aliun does not easily take fire, and the same is true of paper 
impregnated with it, which is moreover fitter for keeping gunpowder, as it excludes 
moisture. Paper impregnated with alum is also useful in whitening silver and silvering 
brass without heat. Alum mixed with milk facilitates the separation of the butter. 
Alum is also used in tanning. In medicine it is employed as an astringent. — On this 
addition of alum to bread, see i. C58. 

Basic Mum, 3 ^y»Q*| 4S0 5 = AlK(S0 4 ) a . A1*0*. — This compound occurs native 

with different proportions of water, as Alunite and Loicigite. 

Alunite or Mum-stone, A1K(80 , ) 2 .A1 , 0». 3 IPO « A1K(S0 4 )».2A1H*0* * is found 

chiefly in volcanic districts, as atTolfa near Civita Vocchia, at theSolfatara near Naples, 
and at Puy do Gurcy in Auvergne. It occurs in rhombohedral crystals, having the 
angle R : R = 89° 10* ; oR : R 124 - 40', and length of principal axis «=i 

1*2523. Observed planes R, oR, $ R, ^ R, — JR, and - 2R (Breithaupt). 
Cleavage nearly perfect parallel to the base, indistinct parallel to R. It also 
occurs massive, with a granular or impalpable texture. Hardness = 8*5 to 4. 
Specific gravity. =» 2*58 to 2*752. It has a vitreous lustre, white colour (sometimes 
greyish or reddish), and white streak. Transparent to subtranslucent, Fracture flat, 
cuncholdal, or uneven ; of massive varieties splintery, sometimes earthy. Brittle. The 
crystals of this mineral ere nearty pure; the massive varieties contain silica sometimes 
to the amount of 60 per cent. It is used for the preparation of Roman alum (p. 581). 

A sedt identical in composition with alunite is precipitated as a crystalline powder 
when a solution of alum is boiled with gelatinous alumina, 

* The formula given fur tbit mineral at p. 161, vol. L, if incorrect. 
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LcwigUe f 8 A 1 H)* 4S0*.6H*0 ■» 2[A1K(S0 < )*,2A1H , 0 , ].8H*0, occurs at Tolfa near 

Rome and at Taberzein Upper Silesia, in amorphous nodules haring a perfectly crystalline 
fracture; hardness between 3 and 4 j specific gravity » 2*58. At the temperature of 
boiling sulphur, it gives off 2*18 per cent. (« 1 at.) water, and at a Blightly higher 
temperature 5*67 percent, water together with sulphuric acid, leaving a residue, from 
which water extracts sulphate of potassium, but only small quantities of alumina. 
(L*. Koine r and Lowig, Jahrosb. 1856, p. 877— A. Mitscherlich, J. pr. Cliom. 
Ixxxiii. 474.) 

A salt having tlio same composition is produced, with evolution of hydrogen, by the 
action of zinc on a solution of common alum. The action is slow, even in a warm 
ttululion, unless assisted by placing the zinc in contact with lead or platinum By 
operating in a platinum capsulo at 100 °, the salt is readily obtained us u crystalline 
precipitate. Like ahinite and lowigito, it is nearly insoluble in nitric and in hydro- 
chloric acids, and can only bo attacked by sulphuric acid diluted with an equal bulk of 
water. (Deb ray, Bull. Soc. Cliiin. [ 2 ], vii. 9.) 

A* i thitl in-ai u utinic sulphate, or Rn hidiuM-alum, AlRb(SO*)*.l 211*0, forms 
large, transparent, non -efflorescent, octahedral crystals, modified with faces of the 
cube and dodecahedron (Kirchhoff and Bunsen). 100 pts. of water at 17° dissolve 
227 pts. of it; in hot water it dissolves us easily as potash-alum. (J. liedton- 
bacher, Juliresb. 1865, j>. 704.) 

Sadio-alumi aic sulphate, or Soda-alum, AlNm^SO 1 ) 2 . 1211*0, is found native, 
in fibrous crusts or masses, oil the island of Milo in the Grecian Archipelago, at the 
Sull'atara near Naples, and near Mendoza on tlio cast of the Andes. It may l>o 
prepared artificially in the same manner as common potash-alum, and obtained in large 
splendid octahedrons, by leaving a solution of tlio component salts to evu porute spun* 
i «ii icon gly in u rather deep glass vessel, and covered with a layer of alcohol. It, is 
much more soluble tliau potash-alum, 10 pts. of water at ordinary temperatures dis- 
solving 11 pts. of it. 

Thalliu-aluminic sulphate, or Thallium-alum , A1T1(S0 4 ) 7 . 1211*0, crystal- 
lises in regular octahedrons. (La my.) 

Pseudo-alums containing Diatomic Metals. — Fc rroso- a turn i nic sulphate, 

IVO [ bSO’^lIDO = Al 2 Fe' (S0 4 ) 4 .24J{*0, is produced (according to K 1 an or) when 

a solution of the component salts, mixed with excess of sulphuric acid, is left to stand in 
a warm place, and crystallises after a few days in tufts of silky fibres. 

The same salt occurs native, as halotrichiti or feather-alum (in jjfirt), at Bodennmis 
and Morsfeld in Rhenish Bavaria, at Oroomiah in Persia (where it is used for making 
ink), and probably at Roseville, Richmond County, New York. It forms fibrous, silky, 
yellowish-whito crystals, which become dull and pulverulent on exposure, and taste 
like common alum, but somewhat inky (Her t h i e r, II a m m o 1 s b © r g, B. 8 i 1 1 i tn a n, 
Jun., Dana's Mineralogy, ii. 383). — The hvcrsalt of Ford i hammer, from Iceland, is 
an allied alum having the alumina partly replaced by ferric oxide, and the ferrous oxide 
by magnesia. — The halolrichine of Seacchi is a silky mineral from the Solfatara, con- 

laming 3 ^ 0 * 1 fiS0*.54H*0. 

A1»0»1 

Ferroso-potassio-aluminic sulphate , 121 < V r OM7SO*.24H*0, remains in the earthy 

2K*0 > 

residue left on distilling the sulphurous soil of the crater of the *Solfatara near Naples. 
It crystallises in bottle-green octahedrons, which are permanent in the air, and 
dissolve sparingly in water. (D u fr h n ay.) 

Magnesio-aluminic sulphate, or Magnesia -alum, Al' 2 Mg(S0 4 ) 4 .24 IPO, crystallises from 
a solution of the constituent salts containing a considerable excess of avid, in long 
needle-shaped crystals. It occurs native in similar crystals, as f< ather-alum or picker- 
ingite. A specimen from Iquique in Peru was found by Hayes (Pill. Am. u. xlvi. 
368) to contain 12*180 per cent, alumina, 4*682 magnesia, 36*322 sulphuric anhydride, 
and 45*450 water, besides 0*4 30 ferrous and manganouB oxides, 0*126 lime, and 0*604 
silica (« 99*744), agreeing nearly with the preceding formulae. The magnesium in 
often replaced to a considerable extent by manganese, forming mangano-magnestan 
alum. 

According to Klauer, a mixture of mugnesic and aluminic sulphates containing fires, 
acid sometimes yields, by slow evaporation, warty groups of small prismatic crystals, 
containing Al*Mg t (S0*)*.36ll*0. V 

Manganoso-aluminic sulphate, or Manganese-alum, AFMn(80 4 ) 4 .24H*0, occur*, with 
the manganese more or less replaced by magnesium, in snow-white silky fibres, at v 
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Lagoa Bay in South Africa (Apjohn, PhiL Mag, [8J, 
river in South Africa (Stromeyer, Pogg. Ann. xxn. 

North America (Smith, SilL Am. J. [2], xrfii. 872) : 

SO*. 41*03. MnO. Mg O. K*0. 11*0. KCI. 

Lagoa Bay 33 51 10*65 6*60 0*36 . . 48*15 . . « 99*27 

Bosjeman river 36*77 11-51 195 3 69 . . 45*74 0*20 - 99*80 

Lake Utah 38*85 10*40 2*12 3*94 0*20 46*00 4 . . « 100*51 

The deposit at Lagoa Bay is twenty feet thick, and is made up of fibrous crystals six 
ruches long. 



Sulphates of Ammonium ■ — Acid, (NH 4 )HS0 4 . — Neutral, (NH 4 )*S0 4 . — Already 
described under Ammoniacal Saits (i. 193). 

Ammonio-sodic sulphate. (NH')NaSO 2 H 2 0, crystallises from a mixture of sodie 
sulphate and amnionic chloride, or of ammonic sulphate and Bodic chloride, either by 
slow evaporation, or from a solution concentrated by heat till a crystalline film forms 
on the surface. It is permanent in the air, gives off its crystallisation-water over oil 
of vitriol, and slowly recovers it on exposure to the air at 15° or 16°. Specific gravity 
of the crystallised salt = 1*63 at 15° ; that of a solution of various strengths is as fol- 
lows: 

Percentage of crystallised salt 31*8 25 44 15*9 12*72 6*3 

Specific gravity 1 1749 1*1380 1*0849 1*0679 1*0337 

At a stronger heat, the dehydrated salt gives off ammonia, and leaves acid sulphate of 
■odium. (Schiff, Ann. Ch. Pharm. cxiv. 68.) 

Sulphate* of Antimony* — Neutral antimonious sulphate, Sb*(S0 4 )* formed by 
boiling antimony with strong sulphuric acid, is a white saline mass, which is resolved 
by water into an insoluble basic and a soluble acid salt. According toBrandes, the 
salt crystallises, from solution in excess of sulphuric acid, in small needles. 

Several basic sulphates of antimony are known. — A sesquibasic salt, Sb*0*.2SO* «« 
Sb 2 0 s .2Sb a (S0 4 )*, is produced, according to P&igot, in small shining crystals, by 
treating oxychloride of antimony (algaroth-powder) with fuming sulphuric acid. — The 
tribasic salt, Sb^CP.SO* *= 2Sb’0 > ,Sb’(SO , ) s , is obtained by digesting the preceding 
salt in the pulverised state with alcohol, and remains as a white powder on filtration 
(B r a n d e e).— The hexbasic salt, 2Sb 2 0 , .S0 l =» 6Sb' ; 0*.Sb v (S0 4 )*, is formed from the 
sesquibasic salt by boiling with water. 

An acid antimonious sulphate, Sb 2 O a .4SO* **■ Sb ? (SO l ) 9 .SO l , is formed, with evolu- 
tion of hydrochloric acid, by treating powder of algaroth with strong sulphuric acid. 
It crystallises in needles, which, however, cunnot be obtained in the diy state, except by 
keeping them for a long time in a vacuum on a plate of baked pipe-clay. (P^ligot.) 

Sulphates of Barium. — The neutral sulphate, Ba"S0 4 , occurs very abundantly in 
nature as Heavy spar or Barytes , sometimes in crystals belonging to the trimetric 
system, sometimes massive (see Heavy Spar, iii. 137). It may be obtained as a 
crystalline powder by fusing 12 grins, of potassic sulphate with 52 grins, anhydrous 
chloride of barium in a well-closed crucible, and dissolving out the soluble salts with 
water. The crystals thus obtained agree in form and specific gravity with native 
heavy spar. (Man roes, Ann. Ch. Pharm. lxxxii. 348 ; Jahresb. 1852, p. 9.) 

By precipitatiug the solution of a barium-salt with sulphuric acid or a soluble 
sulphate, sulphate of barium is obtained, as & heavy, white, amorphous powder, of 
specific gravity 4*02 — 4*51 (Schroder, Jahresb. 1859, p. 12), insoluble in water,. 
Tory slightly soluble in dilute acids, somewhat more soluble in strong sulphuric, nitric, 
and hydrochloric acids (ii. 603). It dissolves also to a perceptible extent in aqueous 
nitrate of ammonium, especially when the boiling solutions of a sulphate and a 
barium-salt, previously mixed with a little nitrate of ammonium, are poured alternately 
into a boiling solution of the same salt (Mittenzwei, J. pr. Chetn. lxxv. 214). 
According to Sche erer {ibid. p. 1 1 3), the precipitation of sulphuric acid by barium-salts 
is retarded by the presence of metapnosphoric acid, but not of pyrophosphoric or ortho- 
phosphoric acid. 

Sulphate of barium boiled with a concentrated solution of a fixed alkaline carbonate 
is decomposed* but never completely, into alkaline sulphate and barium-carbonate ; a 
somewhat more complete decomposition is obtained by fusion with alkaline carbonates. 
Sulphate of barium is reduced to sulphide by ignition with charcoal or organic matter; 
also, according to Wurta, by Jftrition in a stream of coal £*s ; or, according to Deville, 
ijta stream of hydrogen mixed with vapour of carbonic disulphide. 

Native sulphate of barium, ip the state of powder and mixed with white lead, is used 
as a pigment; alone it has net sufficient body ; the amorphous sulphate is prepared 
jm the luge scale by precipitation, and forms the pigment called permanent 
white. 



jMP^RS OF • BISMUTH— CALCIUM. M 

The lia2Srf6a|*Hi^S0 4 ) # > it produced (according to B erteliat) bj pouring strong 
sulphuric neutral sulphate, and leaving it to stand in a closed 

Teasel in a warm jplaoe* According to Li fee- Bod art and Jacquemin (J. pr. Chem. 
Ixzt. 314), strong sulphuric acid dissolves oxide, chloride, sulphide, chlorate, phos- 
phate, &c. of barium, forming acid sulphate of barium, which crystallises in micro- 
scopic prisms; and if the mother-liquor be left in an open vessel, so that it may slowly 
absorb moisture, it* deposits silky needles containing Ba"H , (S0 4 ) .2H 2 0. Both the 
anhydrous and the hydrated crystals are i mmediately decomposed by water. 

Bario-sodic sulphate, Ba''Na*(S0 4 )*, is produced (according to Bert hi er) by fusing its 
constituent salts together in equivalent quantities, and forms on cooling an opaque very 
hard mass, having a pearly lustre. 

Sulphates of Bismuth. — When bismuth is heated with strong sulphuric acid, 
sulphurous oxide is evolved, and the metal is converted into a white insoluble powder, 

consisting of the normal sulphate, Bi*0 , .380 1 or Bi\S0 4 ) a , which is decomposed by 
water, yielding a very acid suit, which dissolves ; and a tribasic sulphate, Bi’O^SO*. 
11*0, or 2Bi*0\Bi , '(S0 4 )*.3H a 0, which remains. — There is also a sisquibusic sulphate , 
Bi'0*.2S0*.3H 2 0, or Bi*0*.2Bi*.(S0 4 )*.9H , 0, which is obtained in small delicate 
needles, when an acid solution of nitrate of bismuth is mixed with sulphuric acid. 
(Heintz.) 

BismutAo-potassic sulphate , Bi , "K*(S0 4 )*, is precipitated on dropping an acid solu- 
tion of bismuth-nitrate into a concentrated solution of potassic sulphate, the latter not 
being in excess. The white pulverulent precipitate must be dried on a porous tile in 
the exsiccator. It is decomposed by water, Jf a dilute solution of polassic sulphate 

bo used, the precipitate has the composition fii 2 K\S0 4 )*. (lleintz.) 

Sulphates of Cadmium, — The neutral salt, Cd'SO 4 , forms (according toStro- 
m e y e r) efflorescent crystals containing 4 at. water. According to K iihn and v. Hauer 
(J. pr. Chem. lxiv. 477 ; Chem. 8oc. Qu. J. viii. 260), an ucid solution of the salt, concen- 
trated at the boiling heat, deposits nodular crystals, which contain Cd' S0Ml*0, and give 
off their water at 100°; their specific gravity is 2939 (Buignct, Jahresb. 1861, p. 16). 
The crystals formed at ordinary temperatures contain 3Cd "yO*.8lPO, give off nearly 
3 ut. water at 100 and the rest at a low rod heat (v. Bauer); their specific gravity is 
3-06 i Gies eke, Jahresb. 1860, p. 17j. According to Ka mmols berg (Togg. Ann. 
cxv. 679), they are isomorphous with the sulphates of didymiuni and yttrium containing 
corresponding quantities of water. W. I>elffs(Pharm.Centr. 1854, p. 380) recommends 
sulphate of cadmium as a distinguishing test between several organic acids, inasmuch 
as it forms precipitates with oxalates, mellitatcs, citrates, cuminatcs, and cinnumat.es 
at ordinary temperatures,— with tartrates, racemates, fumarates, and suberates only 
when heated, — and does not precipitate the aconitates, malatos, succinates, benzoates, 
or salicylates under any circumstances. 

Amnwr.iacal cadmic sulphate, Cd"S0 4 .6NH # , or Sulphate of tetrammonio-eadmio - 
diammonium, N 2 [H*(NII 4 ) 4 Cd"]SO , I is foimed, as a white powder, when anhydrous 
cadmic sulphate is allowed to absorb ammonia-gas till it is saturated. (IT. Hose.) 

A mmonio-cadmic sulphate , Cd"(NH 4 )*(S0 4 ) 2 .6ll*0> separates in monoclinic crystals, 
from a solution containing equivalent quantities of the component salts. — The cor- 
responding potassium-salt, which is isomorphous with it, is not so easily formed, inas- 
much as the solution is apt to deposit sulphate of potassium ; it is efflorescent. — The 
magnesium-salt, Cd"Mg"(SO , )*6H*0, crystallises from dilute sulphuric acid, half 
saturated with cadmic, and half with magnesic carbonate, in easily soluble four-sided 
prisms. — The sodium-salt , Cd"Na*(S0 4 ) 7 .6H 3 0, separates from concentrated solution in 
small nodules, (v. Hauer.) 

Sulphate of Caesium. See Caesura (i. 1115). 

Sulphates of Calcium. — The neutral sulphate, Ca'SO 4 , occurs native, both in 
the anhydrous state as anhydrite (i. 296), and as a hydrate, Ca"S0 4 .2H'0, fortning 
gypsum and its several varieties (ii. 962). The anhydrous sulphate may be obtained 
in crystals having the form and specific gravity (2*9 ) of anhydrite, by fusing potassic 
sulphate with excess of calcic chloride (Man roes, Jahresb* 1862, p. 9; see also 
Simmler, ibid. 1869, p. 132). The hydrated salt is formed by precipitating a 
solution of calcic chloride with a soluble sulphate or dilute jmlpburtc acid. It is very 
slightly soluble in water, the anhydrous salt nearly inso(pbl|f According to Lassaigne, ^ 
1 pt. of the hydrate dissolves in 332 pts. of water at afiy temperature; but according 
to Poggial e, the solubility is greatest at 35% 1 pt. of the salt dissolving at that tem- 
perature in 393 pts. water, at 0- in 489 pts., and at 100° in 400 pts. Water containing 
hydrochlorie or nitric acid dissolves it in laiger quantity, in consequence of partial 
decomposition ; the solubility is likewise increased by the presence of common salt; 
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hence the occurrence of gypsum in Bait-springs. Calcic sulphate dissolves afeo in excess 
of a saturated solution of sodic hyposulphite, with moderate facility at ordinary tem- 
peratures, more quickly on warming, being at the same time converted into calcic 
hyposulphite, which unites with the excess of sodic hyposulphite, forming a soluble 
double salt ; and on adding alcohol to the solution, this double salt is precipitated 
as a heavy oily liquid, which solidifies in needle-shaped crystals* The solubility of 
calcic sulphate in sodic hyposulphite affords a means of separating it from baric 
sulphate. (Diehl, J. pr. Chem. lxxix. 430.) 

Gypsum liuMcd to 100° or 120° gives off three-fourtlis of its water somewhat 
quickly, but tile last fourth is not expelled below 200°- 250°. The hydrated calcic 
sulphate deposited in steam-boilers has the same composition as gypsum dried ntlOO°, 
viz. 2CaSO < .H i O, and a specific gravity of 2*7- Dehydrated gypsum melts at a red 
heat without decomposition, and on cooling assumes the crystalline structure of 
anhydrite. When gypsum dehydrated at a moderately high temperature, and 
pulverised, is agitated with water, it takes up 2 at. water, ami solidifies to a very 
hard mass, the solidification being quicker in proportion us the gypsum has been 
dehydrated at a lower temperature ; if this temperature exceeds a certain limit, the 
gypsum bakes together, and is then incapable of taking water. Tho hydrated 
gypsum expands in solidifying, so that it easily fills the cavities of any mould in 
which it is cast : hence the use of gypsum or plaster of Paris in taking casts (ii, 962). 
Calcic sulphate ignited with charcoal or organic matter is reduced to sulphide. 

Arid sulphate of calcium , or Calcio-hydric sulphate, Ca"lP(SO‘) J , is produced, 
(according to Berzelius) by digesting the anhydrous neutral salt with sulphuric acid 
at 80° — 100°. It forms a granular mass, the particles of which appear under the 
microscope as short, colourless, transparent prisms. It absorbs moisture from tho 
air, and is then quickly decomposed into sulphuric acid and the neutral sulphate. 

Ctilrio-sodic sulphate, Ca"Ntt tf (SO l )* I occurs nut ivc as gl au b e r i t e or b r o ng n i a r t i n 
(ii. 846), in transparent rhombic prisms. According to Berth ier, it may bo obtained 
in the same form by fusing a mixt ure of calcic and sodic sulphates. When 50 pts. of 
sodic sulphate are heated with 25 pts. water in which 1 pt. of gypsum has been stirred 
up, the liquid deposits at 80° a pulp of crystalline needlos, ‘consisting of the salt 
C»i"Na^(S0 4 ) , .2H 8 (). At a higher temperature, those needles are converted into 
microscopic, rhombohedral, anhydrous crystals of glauberite, Ca"Na , (S0 4 )*. The 
latter is also formed immediately, if twice tho above quantity of water is used at t lie 
beginning of the process, and the liquid heated to boiling. These artificial crystals 
of glauberite are transparent, like the native crystals from Villurubia, but become 
opaque and much more friable by ignition. 

Sulphato of calcium likewise unites by fusion with the fluorides of barium, strontium, 
and calcium, forming clear fluid masses, which become milk-white on solidifying. 


Sulphate! of Cerium.— a. Ceric Salts. Neutral or normal Ceric sulphate , 
Co*(S0 4 )* « Ce*0 8 .3S0*, obtained by dissolving ceric oxide in sulphuric acid and 
evaporating, forms efflorescent crystals belonging to tho hexagonal system, which dis- 
solve in a small quantity of water, but are decomposed by a larger quantity, with 
precipitation of a basic salt requiring 2,500 pts. of water to dissolve it (Mosander). 
On dissolving this basic salt in sulphuric acid, the neutral salt crystallises out again 
with 9 at. water (Hermann, J. pr. Chom. xxx. 184). — The basic salt contains, according 
to Hermann, 3Ce*0 , .4S0* 9110, or 4Ce*(S0 4 ) B .6Ce l O > .27H»O. Marignac regards it as 
a ceroso-ceric salt. A basic ceric sulphate, the composition of which is not given, is 
prepared, according to Holzmann (J. pr. Chem. Ixxv. 321; Jahresb. 1858, p. 132), 
by dissolving the brown powder obtained by roasting a mixture of cerous oxalate and 
magnesia alba (i. 832) in boiling nitric acid, heating the solution till nearly all the freu 
nitric ucid is expelled, triturating 100 grms. of the crystalline mass which forms on 
cooling with 100 cub. cent, of water, and adding the quickly filtered solution to 2 litres 
of boiling water previously mixed with 12 cub. cent, of sulphuric acid. The basic 
ceric sulphate which then separates is to be washed by decantation with water con- 
taining the same quantity of sulphuric acid. 

Potassio-ceric sulphate, (Je 1 K 4 (S0 4 ) 4 *■ obtained, by immersing 

crystallised potass ic sulphate in a solution of ceric sulphate, as a lemon-yellow powder, 
which dissolves in water and crystallises therefrom, but is insoluble in a saturated 
^solution of potaasic sulphate. When ignited it turns white, gives off sulphuric oxide 
Ptod oxygen, usd leaves ceroso-pot assic sulphate (Hermann). — Ammonio-cirous svl- 
gfoto fonngmonoclimc crystals 

0 . Caro *£fSal 1 9. —Nndral cerems sulphate, Ce"S0 4 .3H*0, is obtained by dissolving 
ceiaurcarbcmte ineulphuric acid, or (according to Marignac) by dissolving ceroso- 
ceric sulphite in water acidulated with sulphuric or nitric acid, diluting the yellowish- 
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a?, 

red eolation with water, and boiling the insoluble salt, which separates after washing, 
with sulphuric or hydrochloric acid, till it dissolves, and forms a perfectly colourless 
solution. This solution, when evaporated, yields cerous sulphate in colourless rhorn* 
bic octahedrons (sometimes reddish from the presence of didymium). Aceorditg to 
Otto, they contain 3 at. water, wliich is expelled by heat. They dissolve with moderate 
facility in cold water, and the solution, when heated, deposits reddish prisms of a much 
less soluble salt, containing 2CeS0 4 . 3H O ; they must be taken out of the hot liquid and 
pressed, as if the mother-liquor is left to cool upon them, they redissolve fOtto). 
According to Hermann (J. pr. Chem. xoii. 113; Jahresb. 1864, p. 194\ four other ' 
hydrates — containing respectively 3CVSO , .5H 1l O, CeS0V2H 2 O, SOSOVHIHO, uud 
<.>S0 4 .3H 2 0, separate from moderately warm solutions of cerous sulphate, under 
apparently similar circumstances, and cannot be obtained at pleasure. They all crys- 
tallise in rhombic forms, an 1 appear to be homceomorphous. Tho ^-hydrate is the 
most frequent, separating both on warming and by slow evaporation, in short prism#, 
which retain their lustre on exposure to the air. 

Am uwnio-evrons sulphate separates, on boiling a solution of its component salts, as a 
c rystalline powder, which, by solution and recrystallisation, may be obtained in obtuse 
rhom bohed runs. 

Potassio-cerous sulphate , (V’K'^SO 1 ) 2 , separates as a white powder, on immersing 
solid potuBMc sulphate in a solution of cerous sulphate which may contain free acid. It 
is insoluble in a saturated solution of potassic sulphate, but dissolves slightly in pure 
water, and crystallises on cooling from solution in boiling water. The formation of 
this salt affords a moans of separating cerium from most other metals (i. 833). It 
melts without decomposition when heated (Berzol i us). — Another putassio-cerous 

sulphate, Ce*!C*(S0 4 ) 4 , separates (according to Hermann) as a white powder, on 
mixing the concentrated solutions of equal weights of potassic and cerous sulphates. 

Sotlio-cerous sulphate , Co 2 N:i 2 (iSO*)*i analogous to the potassium-salt last-mentionod, 
separates as a white granular precipitate, on healing a mixed solution of the component 
salts to the boiling-point. (lie ringer.) 

7. Ceroso •ceric The salt 3CeO.2C0*O\4SOMl 2 O is formed, according to 

Ma rignac, as a yellow mass, by treating ignited ceric oxido with sulphuric acid. It 
dissolves easily in water strongly modulated with sulphuric or nitric acid, and is 
reduced to cerous sulphate by boiling with nitric or hydrochloric acid. According to 
K ammelsberg (Pogg. Ann. cviii. 40; Jahresh. I860, p. 136), tho yulluwish-rcd solu- 
tion of ceroso-coric oxide in sulphuric acid yields, by slow evaporation, first brown-rod 

hexagonal crystals of a salt, A , containing C£) 2 Co , (S0 4 )‘.18H 5l O » 3Ce"S0 4 .Ce*(H0 4 ) i . 
1811*0, which are decomposed by water, with separation of a sulphur-yellow basic salt; 

afterwards a yellow indistinctly crystalline salt, B, containing (Je*Oo*(S0 4 ) 4 .8H 2 0, or 

Ce*.Ce*(S0 4 ) 4 .BH 3 0, which is decomposed by water in the same manner as tho 
former. Tho light-yellow r precipitate, separated from either of these salts by water, 
contains 2Ce , 0 4 .33l)*.6H*0, and, as well as tho salts A and II themselves, leaves, when 
strongly ignited, a residue of pure ceroso-ceric oxido (R am mol »b erg). According to 
Hermann (Jahresb. 1864, p. 194), Rammelsberg’s yellow-red salt A contain* 

2Cu w .S0 , .?J«*(S0 4 ) , .27H 2 0, and his yellow salt B consists of Ce"S0 4 .Co 5{ (B0 4 ) , .8II*0. 
Hermann supposes also that there are several other yellow ceroso- eerie sulphates, lbs 
comjHjsition of basic ceroso-ctric sulphate likewise varies, according to Hermann, with 
its mode of preparation. 

A solution of the salt A yields, on addition of potassic sulphate, a yellow crystalline 
precipitate, varying in composition according to tne proportions in which the two salt* 
are mixed, and the temperature and concentration of the solutions, but generally con- 
sisting of a mixture of at least two compounds— viz., 3K*S0 4 .3Ce"S0 4 .Ce*(S0 4 ) , .6H*0 
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— Ammonio-ceroso-ceric sulphates obtained in the same manner as the potassic salts 

Besidesa crystallo-granular precipitate containing 4^NH 4 )-S0 4 .2Ce w S0 4 .Ce*(S0 4 )MH'0, 
large, orange-red, monoclinic crystals are formed, containing 9(NH 4 ) a S0 4 .Ce"S0 4 . 

2Ce 2 (S0 4 j*.12H*0, easily soluble in -water, and leaving pure ceroso-ceric oxide when 
ignited (Ram me lab erg). Marignac obtained an aminonio-ceroso-ceric salt, analo- 
gous in form and composition to his potassio-ceroso-ceric salt. 

Bnlphatei of Chromlqm. (Schrotter, Poger. Ann. liii. 513.— Traube, Ann. 
Ch. Pharm. lxvi. 87, 168. — Moberg, ibid. lxvi. 92.— Leykauf, J. pr. Chem. xix. 225. 
— Lowel, Ann. Ch. Phys. [3] ad. 42 ; xliv. 313; Jahresb. 1855, p. 376.) — a. Chro- 
mic Salts. — The normal or neutral salt , Cr*(S0 4 )* or Cr-O s .3.S0 5 , exhibits a violet 
and a green modification. The violet sulphate is obtained by leaving 8 pts. of chromic 
hydrate dried at 100°, and 8 or 10 pts. of strong sulphuric acid, in a loosely- stoppered 
bottle for several weeks. The solution, which is green at first, gradually becomes 
blue, and deposits a greenish-blue crystalline mass. On dissolving this substance in 
water, and adding alcohol, a violet-blue crystalline precipitate is formed ; and by dis- 
solving this precipitate in very weak alcohol, and leaving the solution to itself for 
some time, small regular octahedrons are deposited, containing Cr*(S0 4 ) B .15H 2 0. 
Another mode of preparing it is to dissolve 5 pts. of chromic hydrate in 12J pts. strong 
nitric acid ; dilute the solution with 12 J pts. of water; and after boiling for a quarter of 
an hour, and leaving the liquid to cool (whereupon it turns red), acid 7 J pts. strong 
sulphuric acid previously diluted with 15 pts. of water, and cooled. On shaking up 
this solution with 120 pts. of alcohol, the salt separates in small crystals, which must 
be washed with alcohol and dried between filter-paper. (Lowel, Ann. Ch. Phys. [3] 
*1- *2.) 

. Th e. green sulphate , Cr a (80 4 )*.5IF0, is prepared by dissolving chromic oxide in strong 
sulphuric acid at a temperature between 60° and 60° ; also by boiling a solution of the 
violet sulphate; or by heating the crystals of the violet salt to 100°, whereupon they 
give up 10 at. water, and melt to a green liquid which solidifies to a green amorphous 
mass. The liquid, when quickly evaporated, yields a green non-crystalline salt having 
the same composition as the violet sulphate. Tho green sulphate d ssolves readily in 
alcohol, forming a blue solution ; but tho violet salt is insoluble in alcohol. The solu- 
- tion of the green sulphate is not completely decomposed by soluble barium-salts at 
ordinary temperatures, a boiling heat being required to complete it ; the violet sulphate, 
on the contrary, is deprived of all its sulphuric acid by barium-salts at ordinary tempe- 
ratures. When either the green or the violet sulphate is heated to 190°, with excess of 
sulphuric acid, a light-yellow mass is obtained, which, when further heated, loaves a 
residue of anhydrous chromic sulphate, having a red colour. This anhydrous salt is 
completely insoluble in water, and dissolvos with difficulty even in acid liquids. 

Basic Salts. — The sesquibasic sulphate , Cr-O s .2SO s , or Cr*0 a .2Cr*(S0 4 )*, is formed 
(according to Schro tier) when recently precipitated and still moist chromic hydrate is 
dissolved to complete saturation in moderately dilute sulphuric acid. The green 
solution thus formed leaves, on evaporation, a green residue, which appears dark ruby- 
red by transmitted light-, is perfectly amorphous, and when heated to redness is 
converted, without change of colour, into chromic oxide. It dissolves readily in a small 
quantity of water; the solution exhibits a dark ruby colour by transmitted light, 
and on dilution with water, especially if heated, deposits a light-green powder. — The 
phasic salt, 3Cr , O a .2SOM2H a O « 7Cr*OV2Cr®(S0 4 )*.36H a O, is the light-green powder 
which separateson heating the dilute solution of the preceding salt (Schr otter). — The 
dibasic salt, 2Cr*0 , .3SO* — Cr 2 O s .C r ,{ ( SO 4 )* , is produced (according to Kruger) when 
a solution of chromic sulphate is heated till the original green colour changes to rose-red. 
It is insoluble in water. — The precipitates formed by alkalis in solutions of chromic 
sulphate are likewise basic salts, which however vary greatly in composition, according 
to the concentration of the liquid and the quantity of alkali added. 

Double Salts of Chromic Sulphate. Chrome-alums. — Ammonia-chrome- 
a turn, Cr’"(NH 4 )(S0 4 )M 2H*0, is prepared, like the corresponding potassium- salt, with 
sulphate of ammonium and chromic sulphate (Schrotter\ or acid chromate of 
ammonium (Traute). It is less soluble than the potassium-salt, and crystallises 
more readily in splendid ruby-coloured octahedrons, which yield a lavender-blue 
powder. Specific gravity ■ 1*738. From a concentrated solution of violet chromic 
sulphate, it is precipitated, on addition of ammonium-sulphate, as a violet-blue 
crystaUinwJxijjder. It is not precipitated from its aqueous solution by alcohol. The 
tgueece slowly in contact with the air, and melt at 100°, with loss of 9 at. 
^j^3PW«Bidue slowly Solidifying to a green gummy mass containing 3 at. water, 

* salt corresponding to the green modification of chromic sulphate. 

ARHUbs other 8 at. water are given off) the green anhydrous salt then remaining. 
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The violet solution, prepared in the cold, passes at 76° into the green modification, and 
is then no longer cryatallisable ; if, however, it be left to itself for ten or twelve days 
after cooling, the violet colour is restored, and with it the capability of crystallisation. 

PoUisaio-chromic Sulphate, or Potassic Chrome-alum, Cr 'K^SO")*. 12HK). — This salt is 
produced : 1. By mixing the solutions of potassic chromate and violet chromic sulphate^ 
adding a small quantity of sulphuric acid, and leaving the solution to evaporate. — 
2. "By heating potassic dichromate with strong sulphuric acid : 

K’OO'.CrO* + 4H 2 SO« - 2O"'K< v S0 4 )* + 4H j O + O 1 . 

The reduction of tho chromic acid is, however, greatly facilitated by adding alcohol or 
other organic substunce. Chrome-alum is, in fact, often obtained as a secondary 
product in the oxidation of organic bodies with sulphuric acid and potassic chromate, 
as in the preparation of valerianic acid from amylic alcohol. A very convenient mode 
of reduction also is to pass sulphuric oxide gas through the liquid. In this chbo only 
1 at. sulphuric acid need be added, the miction being represented by the equation : 

K'CrO\CrO* + H*SO* + 3SO* - 2Cr'"K(SO*)* + H*0. 


Chrome-alum crystallises, by slow eranomtion, in splendid octahedrons, somotimea 
very laTge and of a dark purple almost black colour : the smaller crystals exhibit, by 
transmitted light, a very fine ruby-red colour. The salt dissolves at ordinary tempe- 
rature in 7 pts. of water. The solution has a dingy-blue colour, w ith a tinue of red, and 
when mixed with alcohol deposits the chrome-alum unaltered. When heated to 70° 
or 80°, it becomes green, perhaps from formation of green chromic sulphate or the cor- 
responding modification of chrome-alum, which, like green chromic sulphate itself, is un- 
crystallisable. The green solution, if left at rest for some weeks, gradually recovers its 
violet colour, and then again yields crystals. The change of the purple into the green 
salt has sometimes been supposed to he attended with separation of tho potassic and 
chromic sulphates ; but, according to Sc hr otter and Lowcl, it arises merely from 
loss of crystallisat ion-water. A solution of chrome-alum which has become green and 
unerysl alii sai ble by heating, does not deposit any sulphate of potassium, even when 
concentrated *, neither docs that salt separate when the crystals are melted in a seabed 
tube ; but the green liquid obtained by eithor of these processes yields, when heated in 
a dry atmosphere, a dark-green mass containing CrhB SO'B, with scarcely 3 at. water, 
The violet crystals containing 1211*0, when loft for several days in dry air, at a tem- 
perature between 25° and 30°, give off 6 at. water, and assume a lilac colour. At 
10(T J another quantity of water goes off, and the crystals Womo green ; and, by 
gradually raising the temperature to about 350°, tho wholo of tho water may be expelled 
without, causing the salt to molt. The anhydrous crystals are green, and dissolve 
without residue in boiling water, but at a temperature somewhat above 350°, they sud- 
denly become greenish-yellow, without perceptible loss of weight, and are afterwards 
perfectly insoluble in water. (Ldwel; see also Sie we rt, Ann. Ch. Pharm. CXXvi. 
86; Jahresl). 1863, p. 223.) 

Kriiger, by precipitating a concentrated green solution of chrome-alum prepared at 
a high temperature, obtained a green viscid mass containing Ci^O^SO* + IC 2 O.SO # or 


CHK^SO^.CVO*. According to Otto, the aqueous solution of this salt, when left at rest 
for a very long time, is completely converted into violet crystals. Leykauf has proposed 
the use of the green mass for colouring oil-varnishes, caoutchouc, Ac., and its solution 
as a green ink. , 

Sodio-chromic Sulphate , or Sodic Chrome-alum , Cr"'Na(SO‘)*, 1211*0.— Prepared by 
cautiously adding alcohol to & mixture of 1 at. acid chromate of sodium and 4 at. sul- 
phuric acid. It is much more soluble than the corresponding ammonium- and potassium- 
salts, and cannot therefore be obtained in well-developed crystals. Under the exsic- 
cator it separates as n violet warty mass. At 100° it gives off 8 at. water, leaving a 
green modification with 4 at. water. (Sch rotter.) 

Potassio-aluminw-chromic sulphate, Cr"Al"K 1 (S0 4 ) 4 .24lP0, and the corresponding 
ammonii im-salt, sre prepared by mixing the solutions of equivalent quantities of the 
alumina- and chrome-alums, and leaving the liquid to evaporate. They crystallise in 
large octahedrons having a dark-amethyst colour. The solutions are decomposed by 
boiling, and on cooling yield crystals of the alumina-alum. (V ohl.) 

0, Chromous Sulphates ,— When the metallic powder obtained by the action of 
potassium on chromic chloride is treated with dilute sulphuric acid, hydrogen is 
evolved, and a solution obtained, which exhibits the characters of a chromous salt 
(i* h l i go t). The solution, mixed with ammonia and sal-ammoniac, absorb s oxyg e^t, 
nitric oxide, acetylene, and allylene, but not carbonic oxide, ethylen^^ fctm ylena, * ■ 
(Bert he lot. Bull. fioc. Cbim. [2], vit. 194.) # ^ t 

Polassio-chromous sulphate Cr K^SO^fiH O, is obtained by f 

sulphate in a cold saturated eolation of chromous chloride (i. 941% ana adOM^^H|u< 
till a precipitate begins to form. If the solution be then left for some weeks 



vessel, patassio-chromova sulphite, crpsi&l&es from * 
which tu in green on* exposure to fee air. '(jMjigofc,) 




Sulph&Ui of Cobalt.— The neutral cobaltous salt, Co"S0 4 .7H 3 0 occur 
as cobalt-vitriol or bi e beri f e, sometimes in monoclinic c^suk, but 
stalactites and crests, in the rubbish of old mines at Bteber, new JWu, and 
in Salzburg. It is prepared artificially bj heating metallic cobalt with strong mlpkwH 
acid, or by treating eobaitous oxide or carbonate with the dilute acid. The red solu- 
tion,' left to evaporate at ordinary temperatures, yields r<d crystals having the form of 
ferrous sulphate , and, like the latter, containing 7 at. water. At 20° — 30°, on the other 
hand, it separates in crystals with 6 at. water, isomorphou s with hex hydrated sulphate 
of magnesium (p. 601) (Mitscherlich). It dissolves in 24 pts. ot cold water, and 
is insoluble in alcohol. It effloresces in the air, gives off its water of erj-stallisation 
when heated, and is thereby converted into the rose-red anhydrous salt, which bears a 
moderately strong red heat without decomposition, but is decomposed by continued 
'strong ignition. — A flesh-coloured basic sulphate, insoluble in water,' is formed by 
treating the solution of the neutral salt with a quantity of alkali not sufficient for com- 
plete precipitation. 

Ammoniacal eobaitous sulphate, Co"S0 4 6NH* 1 , or Sulphate of tetrammonio-cohaUoso - 
dram m on iu m, N 3 [ Co"( NH 4 ) 4 H- ] S 0 \ is a white powder, produced (according to H.Rose) 
by the action of dry ammonia-gas on anhydrous eobaitous sulphate ; also (according to 
Tr6my) by the action of aqueous ammonia on eobaitous sulphate. 

Respecting the ammonia ted cobalt-salts obtained by the action of ammonia on 
eobaitous salt in contact with the air, see Cobalt- masks, Ammoniacak (i. 1051). On 
the pentammoniated cobalfcic salts, see also C. D. Braun (Ann. Cli. Pharm. cxxxviii. 
109; Bull. Soc. Chim. 1866, ii. 316). 

Double Salts of Cobaltous Sulphate. - Ammon io-eobal tons sulphate, 
Oo"( NH 4 )'‘ f (S0 4 ) v .6H-0, and Potass io-co balto u s sidphate, Co"K : ( S O 4 ) : . 6 II -0 , are red 
double salts, isomorplious with the corresponding salts of iron, magnesium, and man- 


ganese. 

Potasswferroso-cobaltous sulphate , Co'To"K 4 (S0 4 ) 4 . 1 2IPO, and the corresponding 
ammonium-salt are produced by spontaneous evaporation of a mixed solution of the 
component salts. They both crystallise in reddish, oblique, rhombic prisms, which oxi- 
dise and crumble to a yellowish-brown powder on exposure to the air. Ou dissolving 
this powder in water, the original double salt is reproduced. (Vo hi, Ann. Ch. Pharm. 
xciv. 57 ; Jahresb. 1855, p. 312.) w 

Maanesio-cobaltous sulphate , Co s Mg''(S0 4 ) 4 .28H 2 0, is found native (according to 
W inkelhlech) at Biober in Hesse, as a rod staluetitic mass, also railed cobalt-vitriol. 

Potassw-maqncsio-cobaftous sulphate, Co"Alg M K 4 (80 , ) 4 .12IPO, and the corresponding 
ammonium-salt. are formed on mixing the solutions of tin* component salts, and crys- 
tallise very easily in lnnre rose coloured, oblique, rhombic prisms, which give off all 
their water between 160° and 180°, assuming a fine light-blue colour, (Vo ill.) 

Potassio-wangavoxo-cobal toils sulphate , Co"Mn"K 4 (S0 4 ) 4 .12H 2 0, and the correspond- 
ing aminoniuln-salt, prepared like the preceding, crystallise in fine red prisms and 
tables, the ammonium-salt, being, however, more inclined to the tabular, the potassium- 
salt to the prismatic form. (V oh 1.) 

Potassio-niccolo-cobaltoas sulphate, Co M Ni’*K 4 (S0 4 ) 4 .12II a O, and the corresponding 
ammonium-salt , prepared in like manner, crystallise in large tables and prisms having 
a dingy greenish -grey colour. (Vo hi.) 

Potas&h-rinco-cobaltous sulphate, Co"Zn"K 4 (80 4 ) 4 . 12H 4 0, and the corresponding 
c immonimn-salt crystallise in roso-red prisms and tables. When heated to 180°, they 
give off all their water, assuming a blue colour, which part ially disappears on cooling. 
The ammonium-salt leaves, after prolonged ignition, a fine green -coloured mass, from 
which water extracts only a portion of the cobaltous sulphate. (Vo hi.) 


Sulphates ot Copper. — a. Cupric Salts. Normal (or neutral) cupric sulphate , 
Cu M S0 4 .6H a 0, also called Blue vitriol and Copper vitriol, — This salt occurs very fre- 
quently ob a secondary product, in mines where sulphuretted copper-ores undergo 
disintegration, and is found either crystallised in clefts and cavities, or dissolved in the 
waters of the mine, or in the water used for washing the ore. — It is produced artificially 
by boiling cupric oxide (scale-oxide of copper) with dilute sulphuric acid, and crystal- 
lises out on cooling ; or by heating metallic copper with strong sulphuric acid, where- 
upon sulphurous oxide is evolved, and anhydrous cupric sulphate is precipitated as a 
white powder, mixed with a brown mass or cuprous and cupric sulphides (p. 340). On 
digePthUlg this mass with hot water, the cupric sulphate dissolves out, and may be crys- 
tallised|rom the solution. 

^ Cqpgjfc "sulphate is extensively used in. the arts, and is prepared on the large' scale, 
either Atom artificially prepared sulphide of copper, or by roasting and lixiviatiou of 
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iolphiiretfced oopper^res, or from the coarfce copper {Kupferttma, ii. 87. 84) product 
in the smelting of copper, and consisting mainly of the sulphides of copper and iron* 
The moat usual mode of preparation is from artificial sulphide of copper. Fof this pur- 
pose, plates of copper (eg., old sheathings of ships' bottoms) are heated to strong 
redness on the hearth of a reverberatory furnace ; a certain quantity of sulphur is then 
thrown in, and ail the doors closed. The copper is thereby converted into sulphide, 
and as soon as the combination is complete, the draught of air is re-established, and 
the mass is heated to redness, whereby the sulphide of copper is oxidised to cupric 
sulphate and cupric oiide : 

CtfS + O 4 - Cu"S0 4 + CuO. 


The roasted muss is thrown, while still hot, into water containing sulphuric acid, and the 
resulting solution is evaporated to the crystallising-point. The crystals of cupric sul- 
phate thus obtained are nearly pure. 

The preparation of cupric sulphate by roasting copper-glance, purple copper, &e., or 
coarse copper, is precisely similar, and the solution obtained by lixiviating the roasted 
products also yields nearly pure cupric sulphate in the first and second crystallisations; 
but the mother-liquors contain a large proportion of ferrous sulphate, and frequently 
also salts of manganese, cobalt, &e., bo that when evaporated to dryness they yield a 
very impure cupric sulphate : on this account it is better to precipitate the copper 
from these liquors by metallic iron, and then treat it with sulphuric acid. 

Very pure cupric sulphate is obtained ns a secondary product in the treatment of 
auriferous silver with sulphuric acid. From the solution of argentic sulphate .thus 
produced, the silver is precipitated by metallic copper, uud a solution of cupric sulphate 
is formed (ii. 925). 

The blue vitriol of commerco is generally pure, with the exception of a small quan- 
tity of ferrous sulphate. From this it cannot be freed by mere recrystallisation, as 
the two Balts are very apt to crystallise together isomorphously (p. 592); but if the 
solution be first heated with a little nitric acid, to convert the ferrous into ferric sul- 
phate, it will then yield pure crystals of the cupric salt. The solution, after treatment 
with nitric acid, may also be digested with cupric oxide, which will precipitate the iron 
as ferric oxide. Another mode of removing the iron is to boil the solution with per- 
oxide of lead, and precipitate the ferric oxide thereby produced with a small quantity 
of carbonate of ban um. (Wur t z. ) 

Cupric sulphate crystallises with 5 at. water in large, azure-blue, triclinrc prisms, 
having the form and modifications shown in figs. 313, 314, and 315 (f ■itvsTAM.oimxPHY, 
ii. 168). Angle ooPao : ao ‘P *■ 164° 3' ; odPqo : ool* =« 1 19° 7' ; <xpar> : ooP' ( 

- 110° 10*; ooP«3 : ao'P (behind) * 126° 40'; ooPao : ccPoo M 79° 19'; 

ocF : ooT = 1-23° 10'; P' : »!>*> - 103 J 27*; F: *>P', « 127° 40'; V : 

sc p ao =. * 120° 60'. The taco ocPoo is striated parallel to the principal axis. 

The salt has a nauseous metallic taste and acid reaction. Specific gravity ■■ 
2 274 (Kopp); 2-302 (Buignet, Jahrcsb, 1861, p. 15). The crystals effloresce 
suporfieially on exposure to the air, give off 4 at. water at 100°, and the remaining 
1 at. at 200°, leaving the anhydrous salt as a white saline mass, which is decomposed 
at a bright red heat, giving off sulphurous oxide q.nd oxygen, and leaving cupric oxide. 
The anhydrous salt has a very powerful attraction for water, which it absorbs rapidly 
from the air, becoming hot and assuming a blue colour: on this account it is used for 
dehydrating alcohol. 

Hydrated cupric sulphate dissolves in 3^ pts. of cold and in a much smaller quantity 
of boiling water. According to Poggiale, 100 pts. of water dissolve the following 
quantities at various temperatures : — 

Quantum* of tnli <tia#o1ved. 


Temperature. 

10 ° . 
20 ° . 
40° . 
80° . 
100 ° . 


CryfttflltUed. Anhydrous. 
. 36*9 20-9 

. 423 23*6 

. 56 9 30-3 

. 1180 63' 1 

. 203*3 75*8 


Cupric sulphate is insoluble in absolute alcohol, and less soluble in hydrated alcohol as 
the proportion of alcohol is greater. According to Schiff (Ann. Ch. Pbarm. cxviii. 
362; Jahresb. 1861, p. 87), 100 pts. of spirit of various strengths, saturated with 
cupric sulphate (CuS0 4 .5H*0) at 16°, contain the following quantities of the pentahy- 
d tiled salt: 


Percentage of alcohol by weight 
Quantity of salt in 100 pts. . 

■ This Bomber, which elves the sasnttty 
*#4 mvm with Ifrrn^to** dKOTtaaUen*. 


. t 0 10 20 40 

. . • 27 * 2 * 18*8 8*1 f 046 

of the hydrated uk dissolved la purs water aft W*da»* 
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Hydrochloric acid dissolves cupric sulphate, with considerable reduction, of tempera! 
tore, forming a green liquid, which, when evaporated, yields crystals of cupric chloride. 
According to Kane* both the anhydrous salt and the pulverised hydrate rapidly absorb 
2 at. hydrochloric acid gas.. 

When a strong solution of sugar is added to a strong solution of cupric sulphate, a 
white easily soluble precipitate is gradually formed, consisting of a compound of 1 at 
cupric sulphate with 1 at. sugar (C'^H^O 11 ) and 4 at. water. (Barreswil, J. pr. 
Cheift. xxzv. 253.) 

When a solution of cupric sulphate is mixed with ferrous sulphate, or with sulphate 
of zinc, magnesium, or nickel in excess, the cupric sulphate crystallises ieomorphously 
with these salts in the most varying proportions, the crystals having the form of ferrous 
Bulphate and containing 7 at. water. If, on the other hand, the cupric sulphate is in 
excess, the crystals have the form of blue vitriol, and contain 5 at. water (Mi tscher- 
lich). According to Rammelsberg, a solution containing 1 at. ferrous to 4 at. cupric 
sulphate yields crystals having the form of the latter. 

Cupric sulphate is used for the preparation of many blue and green pigments (such 
as Bremer blue, Schweinfurt green, &c.), and very largely in the electrotype process. 

It is also used in medicine. Its purity may generally be recognised by the form and 
colour of the crystals. A tinge of green indicates the presence of a ferrous salt ; blue 
vitriol thus contaminated does not dissolve completely in ammonia. The presence of 
zinc is easily recognised in the liquid which remains after precipitating the copper by 
sulphydric acid. 

Basic Salts. — There are several basic cupric sulphates, forming greenish powders, 
and obtained for the most part by digesting a solution of the normal suit with cupric 
hydrate or carbonate, or by imperfect precipitation with potash. Some of them also 
occur native. 

A dicupric salt , 2Cu"0.S0*.H 2 0 or Cu"S0 4 .Cu"H 8 0 a , is produced, according to 
Thompson, by digesting the normal salt with cupric oxide in equivalent quantities; 
and the anhydrous salt, 2CuO.SO* or CuSObCuO, according to Roucher (J. Pharm 
[3] xxxvii. 249; Jahresb. 1861, p. 193), os an orange-yellow pulverulent mass, by 
the normal salt to dullrednuss for several hours. 

The tricupric salt, 3CuO.SO a =* CuSO'/iCuO, is produced by the action of water on* 
the anhydrous dicupric salt, which, when exposed to moist air, is converted into a green 
mixture of the normal salt and the salt 3CuO.SOV2£IFO ; and when immersed in hot 
water, yields a solution of the normal salt, and a residue consisting of 3CuO.SO*.3H-0. 

The tetracupric salt , 4CuO. SO*. 311*0 = CuS0 4 .3CuH a 0 9 , occurs native as broclian - 
tite (i. 664), in emertild-green rhombic prisms, at Ekaterinenberg in Siberia, at Retz- 
hanya in Hungary, and at Krisuvig in Iceland ( krisuvigite ). It is produced artificially : — 

1. By precipitating a solution of blue vitriol with a quantity of potash just sufficient 
to render the liquid alkaline; it then falls as a light-blue precipitate containing 3 at. 
water if separated from concentrated, and 5 at. water if from dilute solutions 
(J. Denham Smith). Kuhn found this precipitate to contain 4 at. water, and observes 
that the complete precipitation of the copper from 1 at. normal cupric sulphate (CuSO 4 ) 
requires exactly i at. potash (KHO).. According to Field (Phil. Mag. [4] xxiv. 123), 
the tetrahydratod salt, 4 CuO.SO s . 4H' j O or CuSO ‘.SCuH^OMFO, is precipitated as a 
shining green powder, when a small quantity of potash is added to a laige excess of 
blue vitriol, the liquid boiled, and the precipitate thoroughly washed. The same com- 
position is exhibited by brochantite from Acandallo in Chile: specific gravity = 3*81. 

— 2. The same hydrate is obtained, according to Vogel and Reischauer (Jahresb. 
1859, p. 215), by precipitating blue vitriol with an insufficient quantity of ammonia. 

If the ammonia is added in excess, the tetrabasic salt is likewise formed, but mixed with 
cupric hydrate, from which however it quickly separates in microscopic crystals, while 
the cupric hydrate ia converted into oxide, — 3. The tetrabasic salt is also formed, 
mixed however with cupric hydrate, when metallic copper is left in a solution of 
ammonium-sulphate exposed to the air. (Vogel and Reischauer.) — 4, The tetra- 
cupric salt with 3£ at water « 2(CuS0 4 .3Cu0).7H O - 2( fc CuS0 4 .3CuH*0 t ).H*0, 
is formed on mixing a dilute solution of blue vitriol with the acetate of an alkali-metal, 
magnesium, manganese, cobalt, nickel, zinc, cadmium, or copper ; thus with sodic 
acetate : 

4CuS0 4 + eCUPNaO* + 3H r O » CuS0 4 .3Cu0 + 3Na*B0 4 + 6C*H 4 0* 

The precipitate, which forms slowly in the cold (or with the acetates of zinc, nickel, 
and cobalt, not at all), but. immediately on boiling, is flocculent at first, but soon becomes 
granular ; it has a fine green colour, nearly equal to that of Schweinfurt green, and is 
so nearly insoluble in boiling water that it is perceptibly formed in liquids containing 
only pt of sodic acetate ; in dilute acids, on the .contrary (even in acetic acid), it 
is easily soluble, and somewhat soluble in cupric sulphate. By repeated evaporation 
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with sodic acetate it is gradually decomposed, with deposition of black cupric oxide, 
snd formation of a blue sodio-cupric acetate. Tetracupric sulphate is also formed on 
mixing bo»R"g solutions of normal cupric sulphate and formate, propionate, or valerate 
of sodium, but not with glycollato or lactate of sodium, or with lactate of sine ; further 
by mixing a solution of cupric acetate (or formate, propionate, valerate, or lactate) 
heated to 95°, with a boiling-hot solution of a sulphate, or by boiling it with dilute 
sulphuric acid. With sodic sulphate the reaction ib : 

Na 5 S0 4 + 4C 4 H # Cu"0 4 + 3H 2 0 - CuS0 4 .3Cu0 + 2 C*H , NaO* + eC'R 4 *)* ; 

with cupric sulphate it is represented by the equation : 

CuSO* + 3C*H 6 CuO* + 3H*0 - CuS0 4 .3CuO + 6C*H 4 0* 

In either case the mixture must lie repeatedly evaporated to drynestf to expel the 
acetic acid. (Casselmann, Zeitschr. Anal. Chcm. iv. 24 ; Jahrosb. 1866, p. 272.) 

A pcntarupric salt, 5Cu0.S0*.H*0 =» CuS0*.4CuO.H“O [?), is obtained, according 
to Denham Smith, as a light-blue procipitate, by treating blue vitriol with a slight 
excess of potash, and washing, pressing, and drying it as quickly as possible. 

An octocupric salt, 8Cu0.S0\12H*0, is obtained, according to Kane, by adding 
caustic potash to a solution of blue vitriol till the copper is completely precipitated. 
It. is described as a grass-green powder, which gives off 6 at. water at 160°, and the 
remainder at 260°. Neither Smith nor Kuhn was able to preparo tho octobasic salt by 
this process : the latter always obtained tho tetracupric salt. 

A still more highly basic sulphate (containing only 6 to 7 per cent. SO*) is produced, 
according to Vogel and Reischauer, by diluting a solution of ammoniacal cupric sul- 
phate with a large quantity of water ; but it is perhaps only a mixture. Indeed, it is 
doubtful whether any cupric sulphato more basic than tho tetracupric salt lias been 
obtained as a definite compound. 

Ammoniacal Cupric Sulphates. — A solution of cupric sulphate mixed with 
excess of ammonia, forms a deep blue liquid, which, on audition of alcohol, yields 
crystals of the compound Cu"SO , .4NH , .IT l O ; and this, when boated to 149°, yields the 
salt CuSOV2NH», or N*H“Cu"SO\ as an apple-green powder. Anhydrous cupric 
sulphato rapidly absorbs dry ammonia-gas, and forms a bluo powder consisting of 
CuSOMONIi*. (See Copper-basks, Ammoniacal, ii. 80 .) 

Double Salts. — Ammonia -cupric sulphate, Cu"(NH 4 ) v (S0 4 )*.6lPO, crystallises by 
evaporation of tho mixed solutions of its component salts, in bluo easily soluble crys- 
tals (Mitscherl ich). — The corresponding potassium-salt, Cu'K^SO 1 )* . 6 IPO , crystal- 
lises by spontaneous evaporation, in large, regular, light-blue, nionoclinic crystals 
(Mitsch erlich). By heating the crystals, the anhydrous salt is obtained as a green 
friable mass, which melts at a rod heat, giving off part of its acid (Vogel). When 
cooled after fusion, it solidities in a blue crystalline mass, which soon decrepitates 
and falls to powdor (Graham, Phil. Mag. [3] iv. 418). It dissolves easily in 
water, and the solution, when heated to 60°, deposits a light-green crystalline powdor, 

consisting of a basic double salt, Cu*K i (SO l )\Cu"0.4H 2 0 (Brunner, P°gg* Ann. 
1. 43), from which water extracts sulphate of potassium, leaving tetracupric sulphato. 

By mixing tho solutions of the ammonio- and potassio-cupric salts just described 
with the corresponding double sulphates of cobalt, iron, magnesium, manganese, nickel, 
and zinc, complex salts are obtained, having a composition which may bo illustrated 
by that of the magnesium-salts, viz. : 

Cu'Mg'(NH 4 ) 4 (60 4 )\12lDO and Cu"Mg"K 4 (S0 4 ) 4 .12H*0. 

All these salts ciystallise in monoclinic prisms and tables, isomorphous with the 
magnesium double salts (p. 602). Further, by mixing the solutions of three or four 
of these double salts, other salts of still more complex constitution may be formed, 
but still isomorphous with the preceding ; e.g. r Cu"Mn*Mg*'K*(80 4 )*. 1 8H*O t 
Cu* , Zn ,r Mg"( NH 4 )*(SG 4 )*. 1 8H s O, ancT the corresponding potassium-salt; also 
Cu'*(VZn* 'M^'K"(SO*)".24H*0. (Vohl, Ann. Ch. Pharm. xciv. 67 ; Jahreab. 1866, 
p. 311.) * , , 

Cobaltoso-cupric sulphate, Cu"Co"*(S0 4 )*.36H*0, obtained by evaporating a mixed 
solution of the component salts, crystallises like sulphate of cobalt. (Liebig.) 

Ferroso-cupric Sulphate, also called Salzburg Vitriol, Adler uitriol, Cuprum sulphur- 
ic um medium. — It nas already been mentioned that ferrous and cupnc suipnates, 
though they crystallise separately in different forms, and with different quantities of 
crystallisation-water, are nevertheless capable of crystal lini ng together m the form or 
ferrous sulphate — the cupric, like the ferrous salt, then taking up 7 at. water. _ ouen 
composite salts (not true double salts) are obtained in bluish-green crystals m the 
preparation of cupric sulphate from ferruginous materials. The proportion *>«ween 
the copper and iron is very variable. A common proportion is that ^presented by 
the formula CuFe*( S0 4 )*.2 1 H*G. The so-called Salzburg vitriol, prepared at Buxweilet 
Vol. V* V Q 4 



694 SULPHUR : . OXYGEN-ACIDS ANfi SALPS. 

In Alsace, is (according to Lefort) CuFe , (S0 4 ) , ,28H , 0. In Admcmt vitriol the 
quantity of iron is to that of copper as 6:1; in double Admont vitriol, as 4 : 1 ; i 0 
Bayreuth vitriol, as 7 : 1. 

Magnettio-cupric sulphate , CuMg(S0 4 ) a . 14IFO, crystallises by spontaneous evaporation, 
in beautiful sky-blue tables and prisms. (V oh].) 

Sodio-eupric sulphate , Cu"Na 2 (S0 4 ) 2 .2H 2 0(?)— A solution of blue vitriol and 
Glauber's salt deposits each of the salts separately ; a solution of blue vitriol and acid 
sodic sulphate also yields blue vitriol and Glauber's salt separately at first, but 
afterwards small crystals of the double salt, united into a crust, and apparently 
containing 2 at. water. The double salt is easily dehydrated, melts at a commencing 
red heat without losing acid, and on cooling solidifies to a blue mass, which doeH not 
■decrepitate like the potassic double salt. The sodio-cupric salt deliquesces slowly 
in the air, and is resolved by water into tho two simple salts. (Graham, Phil. Mag. 
[3], li. 352.) 

Zinco-cuprtc sulphate , Cu"Zn‘ ,, *(S0' < ) 4 .28II“0, improperly called Cyprian vitriol , is 
prepared at Chessy near Lyons, from zinciferous copper-ores, and crystallises in blue 
rhombic prisms. (Lofort, Compt. rend. xxvi. 185.) 

0. Cuprous sulphate , Cu SO 4 = Cu 2 O.SO : ‘, is (according to Berzelius) the 
black powder which remains un lissolved when copper is heated with strong sulphuric 
acid ; it dissolves in nitric acid, with evolution of nitric oxide. According to M&nc, 
on the other hand, this insoluble rosidue is a mixture of cuprous and cupric sulphide 
with cupric oxide. 

Sulphate of X>ldymluzn 9 Di"S0 4 , is obtained by dissolving tho oxide or car- 
bonate in dilute sulphuric, acid (For tho methods of separating it from sulphate of 
lanthanum, see Lanthanum, iii. 4G8.) Tho solution is rose-coloured, and yields, by 
spontaneous evaporation, dark rose-coloured shining crystals having the form of 
oblique rhomboidal prisms (Mo sail dor), and cleaving readily ami distinctly in a 
direction parallel to the base. They contain 3Di80 4 .8lI-() (Marignac), and art- 
isomorplious with the similarly constituted hydrated sulphates of cadmium ami 
yttrium (Eammclaborg, Pogg. Ann. cxv. 579). At 209°, they give off the whole 
of their water, leaving an anhydrous powder, which may be heated to redness without 
further alteration. Sulphate of didymium is more soluble in cold than in hot water. 
Its solution when heated, especially to the boiling-point, deposits a crystalline precipi- 
tate, containing DiS0 4 .2ir*0. The anhydrous sulphate dissolves in water more readily 
than cither of the hydrates. The following table exhibits the quantities of anhydrous 
sulphate in 100 pts. of water, in solutions formed by dissolving the anhydrous sulphate 
and the two hydrates in water at different temperatures (M ari gnu c) : 



Qunntity of anhydrous salt to 100 pts. water 
in solution of 

Temperature. 

anhydrous salt. 

DiSO'.2H*0. 3DIS0».&H*0. 

12° C. 

43 1 


14 

39-3 


18 

25*8 

16*4 

19 

t • • 

11*7 

25 

20-6 


38 

130 


40 

« . . 

. . . . 8*8 

50 

110 . 

. . . . 6-5 

100 


1*7 


Tho anhydrous sulphate exposed to the heat of an intense charcoal-fire, gives off two- 
thirds of its acid, and leaves a tribute sulphate , 3DiO.SO*, or DiS0 4 .2I)iO. (Marignac). 
The same salt is obtained as a light-bluish rose-coloured hydrate, 3I)iO.SO*.8H s O, by 
precipitating a solution of the neutral sulphate with excess of ammonia. (Hermann, 
Jahresb. 1861, p. 197.) • 

Sulphate of didymium forms double salts with the sulphates of the alkali -metals. — The 

ammonium-solt t iii^NH^SO^^IFO, dissolves in 18 'times its weight of water. — The 

potassium- salt, l>i 4 K*(S0 4 ) 4 .2IP0, dissolves in 63 pts. of cold water. — The sodwm~sali, 

Di*»Na*(S0 4 ) 4 , is anhydrous, requires 200 pts. of water to dissolve it, and is stilt less 
soluble in solution of sodic sulphate. (Marignac.) 

Sulphate of Brblum has, according to Marignac (Jahresb. 1864, p. 198), the 
composition 3Eb"S0*.8H’O, and is isomorphous with sulphate of didymium. 

■nlphatoa of CMnolnum* — The neutral salt, G"S0 4 .4H ? 0, or Be 2 (S0 4 )». 12H*0 
(ii. 849), is obtained by dissolving glucina or its carbonate in a slight excess of 
cold sulphuric acid, and crystallises, by spontaneous- evaporation, in large quadratic 
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octahedrons. Alcohol precipitates it from solution as a crystalline powder. It is very 
soluble in pure water, somewhat less soluble in acidulated water, insoluble in absolute 
alcohol. According to Debray, water at 15° takes up nearly its own weight of tho 
crystals. The crystals effloresce in warm air, melt with strong inttiiin'*cenc<* when 
heated, and leave a residue of pure glucina. At 35° they give off 4 at. water and 
crumble to powder; between 100° and 110°, they retain only 1 at. water, which is 
regarded by Weeren as constitutional water. The solubility of tho salt is not much 
diminished by dehydration ; it docs not give off any acid at 150° — 200° (Weeren). — 
A trihasic sulphate . 3G"O.SO* = G'SO*.2G"0, or lie* O*. SO 1 , is obtained, as a gummy 
opaque mass, by boiling tho solution of tho noutral salt with gluciuic carbonate, as 
long as carl)onic dioxide is given off, and leaving the solution to evaporate without 
previous dilution. If, on the other hand, the solution be diluted before evaporation, it 
deposits a kex'basic salt, 6GO.SO*.3H*0, or 2He 8 0 s .S0 3 .3iI*0 } in the form of a white 
powder; and the liquid filtered therefrom yields on evaporation a gummy mass, 
consisting of the dibasic salt, 2G w O.SO s , or i 211c !i O s .3SO a . 

Bulpliates of Iridium. — Iridic sulphate, Ii Jt ()-.80 s « Ii ,r (S0 4 )*.Ir l ’0 ? , is obtained 
by dissolving sulphide of iridium in nitric acid, and driving off the excess of acid by heat, 
as a thick yellow syrup, exhibiting no .signs of crystallisation. It dissolves easily in water 
and in alcohol, forming orange-yellow solutions, which are not. preeipitated by alkalis. 
On drying the salt, half the acid is expelled, and a more highly basic salt , 2lr()*.MO*, 
remains. — /rations sulphate , Ir"80 4 , is produced by dissolving iridious hydrate in sul- 
phuric acid, and separates, on evaporation at a gentle heat, us a brownish-green, 
shining, amorphous mass, which dissolves in water with dark yellow -given colour. 

Bulpliates of Iron. — a. Fc rric Sal ts . — Tho normal (or neutral) salt , l'V-(S( > 4 )* =» 
l , V*i) , .3S0 a , occurs as a hydrate containing 9 at. water, atCoquimbo in Chile, in six-sided 
pyramids, and as a fine-grained mass, forming a layer several feet thick (see (\kjuim- 
jutk, ii. 83). It is produced artificially by heating brown hsematito for some time, 
with strong sulphuric acid, and then expelling tho excess of acid by a gentlo heat ; — - 
or, more generally, by adding 1 at. sulphuric acid to a solution of 2 at. ferrous sul- 
phate, and then adding nitric acid by small portions as long ns nitrous vapours are 
evolved: 

2IVSO* + IPSO* + O « Fe*(S0 4 )» + IPO. 

According to Lcvol, this salt (and not ferrous sulphate) is formed when metallic iron is 
heated with strong sulphuric acid. — According to Hussy and (xvaiiu, the while deposit, 
formed during the concentration of the acid in sulphuric, acid works, consists almost 
wholly of ferric sulphate, formed most probably by the accident id dropping of ferrugi- 
nous substances into the acid. — Thu anhydrous salt, Fo*(S0 4 ) a , is formed, according lo 
P. Hurt, on introducing ferrous sulphate into boiling concentrated sulphuric acid, and 
separates on cooling in very small erystalb’no scales. Tin* same salt is described by 
Ulrich (Jahresb. 18.59, p. 211) as occurring in the platinum-vessel used for concen- 
trating sulphuric acid, at the vitriol-works of Oker in the Harz, in wruail, Mhining, 
jwach blossom -coloured spangles, appearing under the lnicroficoix? as rhombic octahe- 
drons with truncated summits. 

The red solution of ferric sulphate, obtained as above, leaves on evaporation a light- 
yellow deliquescent mass, consisting of the hydrated salt, still retaining a slighi excess 
of acid. In this state it redissolves easily in water, but if it be gently heated till the 
water and excess of acid are expelled, the remaining anhydrous salt dissolves but very 
slowly in water, forming a reddish-yellow solution. The anhydrous salt is also 
nearly insoluble in hydrochloric acid, and quite insoluble in strong sulphuric acid, 
which indeed precipitates it from its solution. —The anhydrous salt is decomposed at 
a red heat, and is recommended by Derzelius for the preparation of sulphuric anhydride 
by dry distillation. 

BasicFerric Sulphate s. — The sesquilnudc salt Fc , 0*.2SO* ■=> 2Fo , (80 4 ) i .Fe*O a , 
is obtained (according to Mans) by digesting a concentrated solution of the normal salt 
with ferric hydrate, as a dark-red solution, which on boiling, nr on dilution with water, 
is resolved into the soluble normal salt and an insoluble basic, salt. The same salt is 
formed (according to W i ttstoin, Rep. Pharm. [8], i. 185), by the action of the air on 
ferrous sulphate, and constitutes the yellow crust, Fe 3 0*.-S0*.H*0 t with which the 
crystals of this salt become covered after a while. It is resolved by water into t 1 m* 
neutral and the dilutxic salt, 2Fe s O s .3SO , .8H z O - Fc*(SO*)» Fe*0 - .8H l O. According 
to H. Rose, this dibasic salt occurs, together with coqui.ni bite, in yellowish-green, 
silky, fibrous masses — Another basic salt , containing 2Fe a O a .&SO*. 18Jl a O, likewise 
occurs encrusting coquimbite, (H. Rose.) 

The trihasic salt. Fe* 0*J90* * Fe*(80 4 ) f .2Fe 7 0*, is produced, as a redd ish-yd low 

Q Q 2 
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powder, containing about 3 at. water, by dissolving the basic double salt of potassic 
sulphate and sesquibaeie ferric sulphate (p. 597) in water, and heating the solution. 
(Soubeiran.) 

The hexba8ic salty 2Fe*0 8 .S0 3 - Pe*(S0 l ) , .5Fe 5 0* is, (according to Berzelius) the 
yellow precipitate which gradually forniB in a solution of ferrous sulphate exposed to 
the air, according to the equation : 

10 (FeO.SO s ) + O' - 2Fe 2 0*.S0* + 3(Fc*0\3S0 8 ) ; 

but the composition of the precipitate most probably varies with the concentration, of 
the solution. 

Tho nonobasic salt , 2(3Fe 2 0*.S0 8 ).9H 2 0 = 2[Fe 8 (S0 4 ) 8 .8Fe 2 0 s ‘|.27H 2 0, separates 
(according to Scho or or) as a brownish-yellow deposit, on evaporating an oxidised solu- 
tion of ferrous sulphate, or when a neutral solution of ferric sulphate is diluted with a 
large quantity of water and boiled ; also (according to Berzelius,) when a solution of 
ferrous sulphate is mixed with chlorate of potassium. 

A dodecabasic salty 4Fo"0 !, .S0 3 = Fe®(S0 4 ) a .llFe 2 0* is formed (according to 
Anthon) in preparing ferric acetate by decomposing acetate of barium with soluble 
basic ferric sulphate, being precipitated as a bulky brown powder, together with the last 
portions of baric sulphate, from which it may be separated by Icvigation. — Another 
basic salt, containing 2(7 F«V-0 :I .S0 3 ).2 111*0, is found (according toScheerer) as adark- 
brown amorphous mass, in the alum-slato of Modum in Norway. 

Doublo Salts. — Alu min io- ferric sulphate occurs native in the quicksilver mines of 
Idria, in yellowish -win to crystalline masses, containing 37*0 per cent. SO*, 8-4 Fe*0\ 
11*5 A1*0 3 , 43‘0 water, and 1*0 insoluble residue ; which, if the two bases are regarded 
as isomorphous, may be represented by the formula (Al a 0 s ;Fe 2 0 a ).3S0^1f>H 2 0. 
(Fehling.) 

Ammon io-ferric sulphate, or Ammonia-iron-alum , Fe w (NII 4 )(S0 4 ) 2 .l2lP0, or 

? 24H 2 0, is produced by mixing the solutions of amnionic and ferric sul- 
phates, adding a little free sulphuric acid, and leaving the solution to evaporate. It 
is moro stable than the corresponding potassium-salt, and crystallises more readily 
than the latter, in large, colourless, regular octahedrons. It is prepared on the large 
scale, for uso in dyeing, being alwuys employed whan a perfectly neutral ferric salt is 
required. 

Fe 2 O s 2, SO* > 

A basic ammonia -ferric sulphate, 2[(NIP) 2 0 SO 3 ] [ ' s prepared (according to 

Maus) in the same manner as tho corresponding potassium-salt, which it resembles 
very closely in form and other properties. Marignae, however, found for the salt thus 
prepared the composition 3Fe 2 0*.6(NH 4 ) a 0.12S0*.18H a 0. Berzelius mentions another 
basic ammonio-ferrie sulphate (composition not, specified), which he obtained a 8 an 
ochry precipitate on dissolving iron in dilute sulphuric acid mixed with a little nitric 
acid, tho ammonia being produced by the mutual action of tho nitric acid and the 
water. 


Cwpricn-ferru' sulphate, Fc a Cu'(S0 4 ) 4 .24H*0, separates from a mixture of the com- 
ponent salts in equivalent proportions, containing a slight excess of sulphuric acid, on 
evaporating till a crystalline film begins to form, in bluish-green, microscopic, warty 
crystallisations (Bastick). — The corresponding magnesium- salt forms a warty mass; 
the corresponding sine-salt crystallises in colourless prisms. (Bastick.) 

Potassio-fcrrie sulphate, or Potash-iron-alum , Fe r "K( SO 4 ) 2 . 1 211*0, or * e j£*oq 0 *|. 

24H*0, separates from a slightly acid mixture of the component salts, by spontaneous 
evaporation, in octahedral crystals, which in form and taste are undistinguishable from 
common alum. They are sometimes colourless, but often have an amethyst tint, 
arising (according to Heintz) from a trace of forric acid. The salt does not, however, 
crystallise so readily as ammonia-iron-alum. To obtain large crystals, Heintz (Ann. 
Ch, Pharm. xliv. 271) triturates 10 pts. of crystallised ferrous sulphate with 4 pte. of 
saltpetre, then gradually adds 4 pts. of strong sulphuric acid, and neat a gently as long 
as nitrous va pours continue to escape. The residue is thus dissolved in 3 or 4 pts. ©% 
water at 80°, and the filtered solution is left to crystallise at a temperature which is 
very slowly lowered to 0 °. 

Potash-iron-alum is not very stable, soon becoming covered with a yellow powder 
when exposed to the air at temperatures above 0 °. Between 80° and 100 ° it is resolved 
>nto a basic potassio-ferric sulphate, neutral ferric sulphate, and free sulphuric add: 

2[(Fe*0».3S0*).(K t 0:S0*).24H*0] - [(Fe , 0\2SO*).2(K l O.SO*] 

+ (Fe*0 , .3S0») + HKXSO* + 47HK). 
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The aqueous solution likewise decomposes in the same manner when heated’ to 80°; 
bat after keeping for some time, especially on addition of free sulphuric acid, it again 
yiolds, by spontaneous evaporation, crystals of the normal double salt. A solution of 
iron-alum, mixed with a large quantity of free sulphuric acid, does not decompose 
when evaporated over the water-bath, but deposits crystalline crusts containing 
2Fe"'K( SO 4 )*. 3 H v O, and, on further concentration, a white powder, composed of 
2Fo"K(SO , )*Jf*0. (Hointz.) 

If potash be added to a concentrated solution of ferric sulphato or iron-alum till the 
precipitate no longer redissolves, the filtered solution yields, by spontaneous evapo- 
ration, olive-green or yellow six-sided tables of the basic suit (Fi» < 0*.2S0*). 

2(K*0.S0 J, ).6H , 0(Mnus). — Another tow rf<>M^CJ9<i^ l 3(Fe*0 , .2S0 a ).2(K iI 0.S(> , ).22H*b t 

is produced (according to Soubeiran) on dropping carlKvnate of potassium into a solu- 
tion of ferric oxide till the precipitate begins to become permanent, and mixing the clear 
solution with alcohol,— A third basic double salt , 4(Ko*U*.S0 , ).(K s 0.S0*).911 < 0 # 
occurs (according to Itammelsberg) as an ochre-yellow insoluble mass, in the lignite 
of Kuloforuk in llohemia. (Hundw. d. Chom. vii. 628.) 

A basic sotlio-J'erric sulphate . 4(Fo-O a .SO , ).(Na ? O.SO , ).OH*O l analogous to the last- 
mentioned potassium-salt, occurs, as a light-yellow stalactitic mass, in tho alum-slate 
of Modum in Norway. 

0. Ferrous Sulphate , Fe"80 4 .7H*0. Green Vitriol . Copperas. Cbupcrostt, 
Eiseuvilrujl , — This salt, occurs native, sometimes in crystals, but more frequently 
massive and pulremlent, at Goslar in the Harz, at Hurlet near Paisley, in several of 
the Saxon and Hungarian mines, and at various localities in tho United States, being 
formed by the oxidation of iron-pyrites. It may be obtained pure by dissolving 1 pt, 
iron or lj pt. forrous sulphide in pt. sulphuric acid diluted with 4 pts. water. 
Tho solution, if quickly filtered, deposits tho -wilt in beaut iful, transparent, bluish- 
green, crystals, containing 7 at. water. The large quantities of ferrous sulplmto 
consumed in the arts arc however prepared, simultaneously with alum, by l he decompo- 
sition of aluminous schists containing iron -pyrites (p. 680k 

Ferrous sulphate forms well-defined mnnoclinic. crystals, of prisma tic or tubulin* 
character (Jigs. *285, 287, 289, *294, 298, 299, 308, 309, and 310: Ghyhtam.<khui j hy, ii, 
152 — 156). Axes, a : b:c ~ 0*8176: 1 : 1*267. Angle 6: c — 76° 40'; »P: oop(orthod.) 

- 97°39';[Pwl: [Poo] (clinod.) = G9° 15'; + Poo :c = 43°32'; ~P« : c - 32° 86'; 

— JPoo : c =** 55° 20'; oP : oeP « 80° 37'. Cleavage perfect parallel to oP ; less 
distinct parallel to ooP. It is isoniorphnus with tho heptuhydruted sulphates of 
magnesium, zinc, cobalt, nickel, copj>or, &c. (p. 678). 

The crystals of ferrous sulphato effloresce slightly in dry air, and if at all moist, 
absorb oxygen, and become covered with u reddish-yellow crust of basic ferric sulphate 
(p. 596); but if crushed, and deprived of hygrometric moisture by strong pres sure 
between folds of cotton-cloth or filter- paper, they may be preserved in a bottle without 
change from oxidation (Graham). Ferrous sulphate, precipitated from its aqueous 
solution by ulcohol, forms a bluish-white powder, which uocr not absorb oxygen unless 
exposed to very moist air. Another method of preserving it is to mix the pulverised 
crystals with an equal weight of gum-arabic, dissolve the whole in distilled water, 
evaporate over tho water-bath to the consistence of an extract, jxwr the still hot muss 
upon porcelain plates, complete the desiccation in an oven at 30°, and preserve the 
dried salt in closely-stopperod bottles. (Parvesi, J. Pharm. [4] ii i. 40.) 

Crystallised ferrous sulphate gives off 6 at. water at 1 1 4°, but retains the last atom 
even at 280° ; by very careful heating, however, it may bo rendered perfectly anhy- 
drous without appreciable loss of acid. The anhydrous salt is also obtained, in very 
small crystalline scales, by immersing the hydrated crystals in strong boiling sulphuric 
acid, and leaving the liquid to cool, At a red heat, it decomposes, giving off sulphu- 
rous oxide, and leaving a basic ferric sulphate, which, when mono strongly heated, 
ultimately leaves pure ferric oxide, known as Cvlctdkar vitriol i or Cajrut moriuum . 

The salt was observed by Mitscherlich to crystallise at 80 c from u solution saturated 
at the boiling heat, with 4 at. water, in monoclinie prisms, isomorphou* with the 
corresponding sulphate of manganese. When its solution, containing an excess of acid, 
is evaporated by heat, a saline crust is deposited, which (according to Kuhn) contains 
3H 3 0. Lastly, a dihydrute, Fe"SO < .2H*0, having the crystalline form and sparing 
solubility of gypsum, is obtained (according to Mi tseherli eh), by dissolving the 
ordinary crystals in strong sulphuric acid. A solution of the salt mixed with excess 
of sulphuric acid, and left to evaporate in a vacuum, first deposits the ordinary hepti- 
bydiuted crystals, then greenish-blue crystals of a pentabydrste, Fe"80\ 511*0, be- 
longing to the triclinic system, and lastly crystals of tie tetra hydrated salt. (Mari * 
gnac.) 

Ferrous sulphate dissolves easily in water, but is insoluble in alcohol. According to 
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Brandos and Firnhabor, 1 pt. of the heptahydrated salt dissolves in the following 
quantities of water at the particular temperatures indicated above each quantity : — 

10° 14° 25° 32-6° 46° 60° 84° 90° 100° C 

1*64 1*43 087 . 0*66 0*44 0*38 0*37 0*27 0*30 

The solution has a slight bluish-green tint, or is colourless if very dilute. When 
exposed*for some time to the air, it deposits a yellowish sediment of basic ferric sul- 
phate, which is used in porcelain-painting. • As soon, however, as a certain quantity 
of this salt is deposited, the oxidation ceases, and the solution remains almost unaltered. 
The partially oxidised solution may be reconverted into pure ferrous sulphate by boiling 
with metallic iron. 

The solution of ferrous sulphate absorbs nitric oxide gas, assuming a dark-brown 
colour, which affords a very characteristic test for nitric acid (iv. 83 ). The brown 
Solution has a powerful attraction for oxygon : if heated in close vessels, it gives off 
tho gas for the most part unchanged ; but when it is heated in contact with air, nitric 
acid is formed in tho liquid, and converts the ferrous into a ferric salt. 

Ferrous sulphate is largely used in dyeing and in tanning, and for the manufacture 
of ink and Prussian-blue. It is also very useful as a reducing agent in chlorimetry 
and other operations of analytical chemistry. 

Forrous sulphate forms, with tho sulphates of potassium and ammonium, double salts 
containing 6 at. water isomorphous with the corresponding salts formed by the sul- 
phates of zinc, copper, manganese, &c. The formula of the potassium-salt is 
Fe"K*(S0 4 ) z ,6H*0, The solution of this salt evaporated at 50°, yields a crystalline 
crust containing Fo"K 2 (S0 4 ) z .2H 2 0. (Marignac.) 

Ferrico -ferrous (or Ferro so- ferric) sulphate, Fe 2 Fe z (S0 4 ) 4 . or (Fe"O.S0 3 ).(Fe*0*.3S0 3 ), 
is produced when a solution of ferrous sulphate is exposed to the air, till no more basic 
ferric sulphate is deposited. The solution, which is yellowish- rod, does not crystallise, 
but yields black oxide of iron whoa precipitated by an alkali (Berzelius). Abich 
obtained a crystalline ferroso-fo me sulphate, containing (3FeO.SO*).2(Fo z O s .3SO s )4H*0, 

or Fe*Fe 4 (S0 4 )* 4H z O, by heating a moderately strong solution of 16 pts. pure crystal- 
lised ferrous sulphate to tho boiling-point with an equal weight of strong sulphuric 
acid, then adding 1 pt. of strong nitric acid, and a concentrated solution of 6 or 6 pts. 
alum. This solution, evaporated at a temperature below 70°, deposits a dark -brown 
crystalline powder, the solution of which, in water acidulated with sulphuric acid, 
yields the salt on evaporation, in nearly black shining crystals, which are combinations 
of tho cube and regular octahedron. According to Barreswil, a salt having the samo 
composition us Abich’s, but of a dark-blue colour, is formed by mixing the solutions of 
3 at. ferrous and 2 at. ferric sulphate, and slowly dropping sulphuric acid into the 
liquid as long as any blue precipitate is produced (Handw. d. Chom. vii. 632). — A basic 
ferroso-fcrric sulphate , containing (3Fc0.2S0 a ).3(Fe' <! 0 3 .2S0 3 ).36II‘0, is found in the 
copper-mines of Fuhluu, in large red stalactites composed of small transparent crys- 
tals. (Berzelius.) 

Magnesio-Jerrous sulphate , 3 r e"Mg"(S0 4 ) 2 14K*0, crystallises from a solution of 
tho component salts, by spontaneous evaporation, in large sea-green crystals. (V ohh) 

Sotlio-ferrous sulphate , Ft>"Na*(S0 4 )*.4H-0, obtained by evaporation at 65°, is per- 
manent in tho air, and does not decompose at 100°; but on redissolving it, and 
leaving tho solution to evaporate, the sodic and ferrous salts crystallise out separately. 

’1 hall io -ferrous sulphate , Fe"Tl 2 (S0 4 ) 2 .6ll*0, has a pale-green colour, and is ieoraor- 
plious with the corresponding potassium-salt. (Wert her.) 

Zinco-ammon w-f rrous sulphate, Fe"Zn"(NH 4 ) 4 (S0 4 ) 4 .12H O, and the corresponding 
potassium-salt, crystallise readily in large, greenish, oblique rhombic prisms and tables, 
which turn yellow in the air, from absorption of oxygen. 

Sulphate of Lanthanum, La" SO 4 , is prepared as described under Lanthanum 
(iii. 468), and separates by spontaneous evaporation in small prismatic crystals con- 
taining .La"SO , .3ll‘0. It gives off its water at a low red heat, and half its acid at a 
full red heat. It is much less Bolubie in hot than in cold water. — Am monio-lanthan io 

sulphate , £!rt 3 (NII 4 ) 2 .(S0 , ) 4 .8II 2 0, is obtained, by spontaneous evaporation of a dilute 
solution of lanthanum-sulphate mixed with a slight excess of ammonium-sulphate, in 
colourless, sparingly soluble, monoclinic crystals. (Marignac.) 

Potassio-lanthauic sulphate, Lu"K 2 (S0 4 ) a , is formed as a white precipitate on mixing 
tho solution of a lanthanum-salt with sulphate of potassium. (Hermann, Jabresbw 
1861, p. 194.) 

Sulpliate of Lead, PV'SO 4 ■» Pb"0 .SO*. — This compound occurs native as 
Angtesite, in largo and beautiful crystals, at Pary’s mine in Ahglesea, Leadhitls in 
Scotland, Waulockhead in Derbyshire, and at Clausthal, Zeilerfield, and Giepenbach in 
the Harz ; also in Prussia, in the Black Forest, at Badenweiler in the Breisgau, in the 
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Island of Sardinia, and in the United States ; also massive in Siberia, in Andalusia, 
nnd on Alston Moor in Cumberland. In Algeria it occurs (according to Marcel do 
So r res, Compt. rend. liv. 743), in kidney -shaped lumps enclosing a nucleus of galena, 
by the oxidation of which it has been formed. 

The crystals of anglesite are trimetric and isomorplious with those of heavy 
spar (iii. i37), exhibiting generally the same faces, but with w I>2 mostly prodomi- 
nant. Axes, a : h : c : = 0*0089 : 1 : 0*7756. Anglo »P : »P (macr.)_ « 62° 40' ; 
oo V'l : oof 2 (macr.) * 101° 13'; Poo : Poo (basal) « 75° 35'; P oo : P c© (basal) « 
U>3° 43'. Cleavage imperfect pamllol to ooPoo and P oo. .Hardness * 2*76 to 3. Speci- 
fic gravity = 6*295 to G 298. Lustra highly adamantine in some specimens, in otiiera 
inclining to vitreous and resinous. Colour white, tinged with yellow, grey, green, and 
sometimes blue. Streak uueoloured. Transparent to opaque. Fracture conchoi'dal. 
Very brittle. 

Sulphate of load also occurs, combined, with carbonate of load, as Lanarkite. (iii. 467), 
and as LcadhiUiie (iii. 660); also, with carbonate of loud and curboimte of copper, as 
Odedonite (i. 372). 

Siilplmio of lead may be artificially crystallised by fusing chloride of lead wilh 
sulphate of potassium, and boiling out the soluble salts with water ; at then remains 
as & heavy white crystalline powder, which, even under a low magnifying power, is seen 
to consist of tabular crystals having the form of the native sulphate (Manross). 
ll is usually obtained, as a heavy white crystalline powder, by precipitating a soluble 
lead-salt with sulphuric acid or a soluble sulphate ; and on the largo scale, as a 
secondary product , ill the preparation of alumiuic ucetato by precipitating alum with 
ac-ctutc af lead. It is ulso produced by oxidising sulphide of lead with strong nitric acid. 

•Sulphate of lend is nearly insoluble in pure water; according to Hod well (Chem. 
News, xi. 60), 1 pt. of it dissolves in 31,062 pts. water at 16° ; hIho in dilute sulpkurio 
arid, somewhat more easily in strong sulphuric acid ; also in nitric and hr/drochloria 
acids. According to Jiodwoll (Chem. Soc. Qu. J. xv. 69), 1 pt. of lend -sulphate dissolves 
in the following quantities of hydrochloric and nitric ucidsof various strengths: — 


Hydrochloric 

Specific 

11 Cl 

Nitric 

Specific 

N’O* 

add. 

gravity. 

per cent. 

acid. 

gravity. 

per « €>l)t. 

681*89 

10519 

10*602 

303*10 

1079 

11*65 

281*73 

1*0800 

16*310 

173*75 

1123 

17*60 

105*65 

1-1070 

22*010 

127*48 

1-250 

34 00 

47*30 

1-1369 

27-625 

10282*78 

1-420 

60-00 

3503 

11670 

31*602 





On dilution, all the hydrochloric acid .solutions, except the first, deposit noodles of 
plumbic chloride. The nitric acid solutions yield by evaporation octahedrons of 
plumbic nitrate. The sulphide, digested for three or four days with nitric acid con- 
fining GO per cent. N’-’O 4 , is almost wholly converted into octahedrons of the niLrate. 

It is dissolved in larger quantity by some ammoviacal salts — e.g., by the sulphate, 
nitrate, acetate, and tartrate, nnd easily by caustic potash or soda. When boiled with 
a sirong solution of poUissic or aortic cerfomate (best with the acid carbonates), it is 
d- composed like sulphate of barium, yielding a solution of alkaline sulphate and h deport 
< if carbonate of lead. According to L6 we (Jaliresb. I860, p. G86), sulphate. of lead 
dissolves in aqueous h ypnsulph i/e of sodium, in consequence of the formation of sodio- 
plumbie hyposulphite. This reaction may bo rendered available for separating sulphalo 
of It-ud from sulphate of barium. According to Field (Chem, Soc. Qu. J. xvi. 28), nit rate ‘ 
of lead produces no precipitate in a mixture of sodie sulphate Hnd hyposulphite. 
According to Stud el (Jahresb. 18G3, p. 215), 1 pt. lead-sulphate dissolves ia 12-2 pis, 
of calcic acetate (in very diluto solution). It is slightly soluble also in triplmubic 
wet ate, insoluble in diplumlAc acetate. 

Sulphate of lead melts at a red heat, without decomposition, unless in contact with 
silica or clay. On charcoal liefore tho blowpipe, it is reduced to metallic lead, with 
evolution of sulphurous oxide. The products obtained by heating it with charcoal 
vary, however, according to the proportions used : thus — 

2PbS0 4 + C = 2Pb0 + C0 a + 2SO* 

PbSO 4 + C =» Pb + CO* + SO* 

PbSO 4 + C 4 * PbS + 4CO. 

When heated with sulphide of lead , as in tho process of lead-smelting (iii. 482), it 
yields metallic lead, or a mixture of the metal and the protoxide, with evolution of 
sulphurous oxide: 

PbSO 4 + PbS « 2SO* + Pb* 

2PbS0 4 + PbS « 3SO* 4* 2PbO + Pb. 

Heated to redness in a stream of hydrogen, it is reduced to metallic lead, according to 
the equation. 

2PLS0 4 + 7H* « Pb* + SO* + IPS + 61UO. 



M SULPHUR : OXY&EN-ACIDS AND SALTS. 

The reduction of the sulphate by carbonic oxide is much more difficult, and requires a 
much higher temperature ; in consequence of which a portion of the sulphide of lend 
formed at first, aa represented by the equation 

2PbSO« + 6CO - Pb + FbS + SO 3 + 6CO* 
acts upon the undecomposed sulphate as above, and thus complicates the reaction. 
(Rodwell, Chem. Soc. Qu. J. xvi. 42.) 

Iron and cine, in contact with water, reduce sulphate of lead to a spongy mass 
of metallic lead. When triturated with a solution of potassic chromate , it yields 
chrome-yellow. Like all other lead-salts, it is blackened by sulphydric acid . 

Sulphate of lead, as commonly prepared, is not adapted for painting, on account of 
its crystalline character and transparency ; but by mixing litharge to a paste, with 
water containing a small quantity of acetate of lead, and gradually adding sulphuric 
acid, the sulphate may be obtained in the amorphous state, and mixed with a large 
excess of oxide of lead. In this state it has considerable body, and may be used 
instead of ordinary white lead. (Richardson.) 

A basic sulphate of lead, 2PbO.SO a ■= PbS0 4 .PbO, is obtained (according to Kiihn) 
by digesting the recently precipitated normal sulphate with aqueous ammonia. 

Ammomo-plumbic sulphate , Pb"(NII 4 )*(S0 4 ) 3 , is produced by precipitating a mode- 
rately concentrated solution of plumbic acetate with excess of sulphuric acid, neutralis- 
ing the liquid with ammonia, and heating it to the boiling-point. If a sufficient 
quantity of ammoniacal salt is present, the precipitate dissolves completely, and th© 
solution on cooling deposits the double salt, in slendor, shining, transparent crystals. 
If no crystals separate, the liquid must be again heated till a precipitate begins to 
form ; the liquid will then deposit crystals on cooling. Water decomposes the double 
salts, extracting 39*4 per cent, ammonium-sulphate, and leaving 60*6 per cent, plumbic 
sulphate. The ciystals when heated yield a sublimate of ammonium-sulphite. 
(Wohler.) 

A compound of sulphate and chloride of lead was obtained byBecquerel (Ann. 
Ch. Pharm. Lxxxiv. 199), in needle-shaped crystals, together with other products, by 
the action of galena on a solution of cupric sulphate and sodic chloride, continued for 
seven years. 

SulpHate of Xdthlum, Li -SO 4 . IPO. — This salt may bo prepared by decomposing 
the carbonate or chloride with sulphuric acid, — or, better (according to Fuchs), from 
triphyllin. 8 pts. of this mineral, finely pounded, are stirred up with C pts. of water ; 
3^ pta. of nitric acid (of specific gravity 1*20) and 1| pts. of strong sulphuric acid are 
then added ; the whole is evaporated to drynCss ; the dry mass exhausted with water; 
the solution precipitated with ammonia and sulphide of ammonium, and then with 
oxalate of ammonium; the filtrate evaporated to dryness; and the residue ignited. 
Tho aqueous solution of the residue yields tho salt in crystals. Sulphate of lithium 
crystallises in flat prisma or tables containing 1 at. water. It melts easily, and dis- 
solves in wilt or ana in alcohol. Respecting the expansion of the aqueous solution by 
beat, see Kre mors (Jahresb. xiv. fll). 

Votassio-lithic sulphate, Li a K 4 (S0 4 )*, forms crystals belonging to the hexagonal 
system (Schabus). — Sodio-litkic sulphate crystallises, (according to Mitscherlich) 
in acute rhombobedrons. 

Sulphate of Magnesium' Mg"S0 4 .7H ? 0. Bitter Salt, Ep&oni, Seidlits, or Said* 
fichutr Salt , Kpsomite. Sal amarum, s. anglicum , s. cat hart ictnn.-r-Thte salt is very widely 
diffused in nature, occurring sometimes in the solid state, but much more abundantly 
in solution in sea- water ana saline springs. It occurs as Epsomite, or Hair-salt, in 
silky fibres and fibrous crusts, at Idria in Carniola, at the gypsum quarries of Mont- 
martre near Paris, in Fitou, Dopt. qf tho Aude (France), in Arragon and Catalonia, in 
the Cordillera of St, Juan in Chile, and in a grotto in South Africa, where it forms a 
layer 1 J inch thick. The floors of the limestone caves in Kentucky, Tennessee, and 
Indiana are in many instances covered with minute crystals of epsomite mingled with 
the earth. In the Mammoth Cave, Kentucky, it adheres to the roof in loose masses, 
like snowballs. It is said to occur also in California and at Marmora in Canada West. 
(Dana.) 

A monohydrated sulphate of magnesium, called Kie serif e, occurs, mixed with the 
anhydrous sulphite, in the salt-beds of Sta&sfurtli, forming granular lumps. 

Sulphate of magnesium constitutes the purgative principle of bitter-walers, as those 
of Epsom in Surrey, and of Seidlitz, Saidsehiitz, and Piillna in Bohemia. It is often 
produced by the mutual action of mngnesic carbonate and gypsum, as when a solution 
of gypsum remains for a long time in contact with a magnesian limestone. At Said- 
.schutg, ScidliU, and Piillna it is obtained by digging pits in the marl ; in these the 
bitter- water gradually collects, in consequence oftbe reaction just mentioned, and on 
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subsequently leaving the water to evapmte in shallow pans, the sulphate of magne* 
gjura crystallises out. 

Sulphate of magnesium is prepared in considerable quantities from sea-water and 
’saline springs, either by precipitating the magnesia with lime, and theii dissolving it 
in sulphuric acid ; or by first crystallising out the greater part of the common salt, 
and then treating the mother-liquor, which contains chloride of magnesium, either 
•with sulphuric acid or with ferrous sulphate, whereby sulphnto of magnesium and 
ferrous chloride are obtained, the latter remaining in solution when the liquor is 
further evaporated, while the sulphate of magnesium crystallises out. Respecting 
Ralard’s improved process for obtaining sulphate of magnesium and chlorido of potas- 
sium from the mother- liquors of sea-waror, see Potassium-salts (iv. 717); also 
Richardson and Watts’s Chemical Technology (vol. i. pt. iii. pp. 157, 538). 

Sulphate of magnesium is also produced in considerable quantities by treating 
native carbonate of magnesium or dolomite with sulphuric acid; the gypsum 
formed in the latter case, being much less soluble than the magnesian sulphate, 
is easily separated from it. Sometimes the dolomite is burnt, tho lime dissolved 
out by pyroligneous acid, and the residual magnesia treated with sulphuric acid 
(Henry). Serpentine, which is composed of hydrate and silicate of magnesium, may 
also be used as a source of magnetic sulphate. In the neighbourhood of Genoa, the 
serpentine of tho locality, which is intersected with veins of iron and copper pyrites, is 
roasted, then exposed to the air for a long time, and lixiviated. From the liquor thus 
obtained, the copper is precipitated by iron; the ferrous oxide is poroxidised by 
chlorine ; the resulting ferric oxide is precipitated l»y burnt limoor dolomite; and the 
clarified solution, which contains sulphate of magnesium, is evaporated to tho crys- 
tallising-point. 

Sulphate of magnesium cry stall i son on cooling, from a hot moderately concentrated 
solution, in larg**, four-sided, right rhombic prisms, containing 7 at. watar, and isomor- 
plious with the hoptahydruted sulphates of zinc and nickel, also with chroma to of 
magnesium. Tho most common form is tho combination a>P . jj — that is to say, a 
vertical prism terminated by dome-shaped summits placed in opposite directions above 
and below {Jig, 281, ii. 150). Axes a : b : c = 0*989 : 1 : 0 5703. Angle ooP : ooP 
=. 89° 22'. Cleaviiblo parallel to ocl’ao . Tho commercial salt is usually 
crystallised in small needles, obtained by rapid crystallisation from a very strong 
solution. The crystals are not efflorescent, but the commercial salt sometimes becomes 
moist in contact with the air, from adhering chloride of magnesium. 

A boiling concentrated solution, if transferred while still hot to a well-closixl vessel, 
often remains liquid and in a state of supersaturation, for a long time uftcr cooling; 
but if exposed to a low temperature, it solidifies entirely to a crystalline mass. Some- 
times, however, such a solution, after keeping for weeks or months, deposits milk- 
white prisms containing 6 at. water, and sometimes crystals containing 7 at. water, 
but differing in form from the ordinary crystals (Ld wel, Ann. Oh. Pliys. [ 3], xliii. 
405; Jaliresb. 1855, p. 345). These licptahydrated crystals were formerly supposed, 
according to Marignac’s determinations (Jahresb. 1857, p. 150), to be rhombolu*- 
drill (oR . + R . + R . — 2R) ; but Kopp has shown (Ann. Ch. Pharm. exxv. 369 ; 
Jahresb. 1863, p. 192) that they are monoelinic prisms ooP . oP. +P«>, rendered 
tabular by predominance of -+ Poo . Tho heptahyd rated salt appears, therefore, to bo 
dimorphous, a property which is further illustrated by the existence of the monoelinic 
double salt, Fe"Mg"( SO •)*. 1 411*0, or Fo"S0 4 .7H*0 + Mg"S0\7lF0, and others of 
similar composition (pp. 594, 598). . 

A solution of magucsic sulphate, concentrates! till a crystalline film begins to form 
upon it, and then left to crystallise at 30°, deposits the hoxhydrated salt, 
Mg'S0 4 .6H*O, in small monoelinic crystals, isomorphous with tho corresponding 
hydrated sulphates of zinc and nickel. Axes, a : b : c ■■ 0*7123 : 1 : 1*1841. Angle 
b : c a 81° 26' ; ceP : ooP (orthud.V- 108° 28' ; oP ; ocP - 85° O'. Ordinary com- 
bination, oP . ooP, with -P, + iPand + 2P, &c. subordinate,— A solution, crystal- 
lised at a temperature several degrees below 0°, deposits (according to Fritzsche) 
large crystals containing 12 at. water, of which, however, 6 at. arc given off OS soon 
as the temperature rises to 0°. , 

The ordinary heptahydratod crystals melt in their water of crystallisation when 
heated, and give off 6 at. water at 150°, but retain the seventh atom even at 200°. This 
last atom of water, designated by Graham as ** constitutional water, * may be replaced 
by various salts, giving rise to double salts. The anhydrous salt is a white mass, which 
melts at a red heat, but is only partially decomposed at very high temperatures. 

Sulphate of magnesium is very soluble in water. 100 pts. of water dissolve 25 7* 
pte. of the anhydrous salt at 0°, and 0-47816 pt*. for every degree beyond (Gay- 
Lussac). One pt of the heptahydrated salt dissolves in 0*790 pt*. water at 1870. 
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forming * liquid of specific gravity 1 -2982 (A u than). Tho following table eshihite 
the quantities of magnesia sulphate contained in solutions of different specific gmvitira, 
as determined by Schiff (Ann. Ch. Pharm. cviu. 336 ) : 


' Specific gravity 
am 0 . 

/ Per cent, oi 
jMgSO*.7aq. 

7 Per cent, of 
MgSO«. 

j SpeciSc gravity 

If at 23°. 

/ Per cent, ot / Per cent of 
/ MgSQJJaq. / MgSOt 

1 0048 

1 

0-488 

1-1426 

28 

13*660 

1*0096 

2 

0975 

1-1481 

29 

14148 

1-0144 

3 

1-463 

1*1536 

30 

14-634 

' 1-0193 

4 

1-951 

1-1592 

31 

15122 

1-0242 

6 

2-439 

11648 

32 

15-610 

1-0290 

6 

2-928 

1 1704 

33 

16-098 

1-0339 

7 

3-416 

11760 

34 

16 586 

1-0387 * 

8 

3-904 

1*1817 

35 

17074 

1-0437 

9 

4-392 

1-1875 

36 

17562 

1 0487 

10 

4-878 

1-1933 

37 

18-050 

1-0637 

11 

6-366 

1-1991 

38 

18-538 

1-0587 

12 

5-854 

1-2049 

39 

19 026 

1-0637 

13 

6-342 

1-2108 

40 

19 512 

1-0688 

14 

6-830 

1-2168 

41 

20-000 

1-0739 

15 

7-318 

1-2228 

42 

20-488 

1-0790 

16 

7-806 

1-2288 

43 

20-976 

1-0842 

17 

8-294 

1-2349 

44 

21-464 

1-0894 

18 

8-782 

1-2410 

45 

21-952 

1-0945 

19 

9-270 

1-2472 

46 

22-440 

1*0997 

20 

9-756 

1-2534 

47 

22-928 

1-1050 

21 

10-244 

1-2596 

48 

23 416 

1-1103 

22 

10-732 

1-2659 

49 

23-904 

11166 

23 

11-220 

1-2722 

50 

24-390 

1-1209 

24 

11-708 

1-2786 

51 

24-878 

11262 

25 

12196 

1-2850 

52 

25-366 

11316 

26 

12-684 

1-2915 

53 

25-854 

11371 

27 

13172 

1-2980 

54 

26-341 


Sulphate of magnesium is insoluble in absolute alcohol, moderately soluble in 
hydrated alcohol. According to Sc liiff (Ann. Ch. Pharm. exviii. 860 ) : 


A solution (BBturnted at 15°) 
in alcohol of » 


Specific Gravity 
1*000 
0*986 
0972 
0*989 


Per cent, by weight. 
0 
10 
20 
40 


Contain* per cent, of 
MgSO^aq. 

60-8 

39*3 

21-3 

1*62 


(See, further, Storer’s Dictionary of Solubilities, vol. iii, pp. 609 — 612.) 

Sulphate of magnesium may be used, in localities where it occurs native, as a substi- 
tute lor sulphuric acid in the decomposition of common salt. When 2 pfcs. of the 
ordinary crystallised eulphnto are heated with 1 pt. ot' common salt, hydrochloric acid 
is evolved, and a residue is obtained, consisting chiefly of sulphute of magnesium and 
sulphate of sodium (Its mo n de Lunu). Respecting Clemm’s process for preparing 
sulphuric acid from kieserito, (MgSOhlPO), or from common sulphate of magnesium, 
and for decomposing common salt and chloride of potassium with kiescrite, see Richard- 
son and Watts's Chemical Technology, vol. i. pt. v. p. 266. A mixture of common salt, 
peroxide of magnesia, and sulphate of magnesium may be used for the preparation of 
chlorine. (D e Lu n a.) 

An acid sulphate of magnesium, Mg"H‘ J (S0 4 ) a , is produced by dissolving the anhy- 
drous neutral sulphate in hot concentrated sulphuric acid. The perfectly saturated 
syrupy solution deposits the acid salt on standing, in shining six-sided tables, which, 
however, rapidly Absorb water and ai a thereby decomposed. (Sehi ff, Ann, Ch. Pharm. 
cvi. 116.) 

Double Salts. — Sulphate of magnesium unites with the sulphates of ammonium, 
potassium, and thallium, forming double salts, which contain 6 at. water, and, as 
already observed, may be regarded ns formed from the beptahydrated sulphate by the 
substitution of 1 at. K*S0 4 , dec. for 1 at IPO. They crystallise in monoclinic prisms, 
isomorphous with the corresponding ferrous salts, Ac. (pp. 663, 698). The several salts 
of this isomorphous group do not exhibit exactly the same angles, but the differences 
are but small. As an average, the ratio of the axes, a :• 6 : c — • 1*4 : 1 : 0*67. Anglo 
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b : c - 74° 30* . The crystals generally exhibit the faces oop . op , + P . + 2P« . 
Pao ; often also [ ooP2] and 00 P 00 , but mostly subordinate ; also — P, &c. They are 
usually prismatic in the direction of the principal axis, or tabular from predominance 
of oP ; rarely pyramidal or rhombohedral. 

Potassio-magnesic sulphate Mg"K 2 (S0 4 ) 2 .6H ? 0, is obtained, as a secondary product 
in the preparation of common salt from sea-water and brine-springs (iv. 717), 
separating from the mother-liquors when concentrated to 34° JBaumd in largo hard 
crystals, which may bo purified by recrystallisation. It also separates from a solution 
of its component salts, by cooling or evaporation. It is nearly as soluble os sulphato 
of magnesium. 

Sulphate of magnesium also unites directly with other heptahydratod sulphates of 
diatomic metals, forming salts containing HIPO, which, as they aro formed without 
replacement of any portion of the water by another salt, may for distinction be called 
coupled or composite salts {gipaavte Sales: Volil) — c.g., Magnesio-ferrotes suX- 
phate, Mg^bV^SU 4 )-. 1 411*0. (p. 598) ; and these composite salts are further capable of 
uniting with alkaline sulphates, forming double salts in which 2 at. water out of tho 
14 aro replaced by 2 at. of an alkaline sulphate — c.g Mg"0u''K\ SO 1 ) 4 . 1211*0. 

Potassio-ferroso-magnesic sulphate, M^T u'K^ SO 1 ) 4 . 1 2H a O , and the corresponding 
ammonium-salt crystallise in large, greenish, oblique, rhombic prisms and tables, which 
turn yellow on exposure to the sir. (Vo hi.) 

Potassio-calcio * magnetic sulphate , Mg'’Ca*K a (SO , )V2H 5f O l occurs in the salt -beds of 
Stessfurth, and other localities, forming the mineral callod poly halite (iv. 687, 
71S). 

S-Jio- magnesia sulphate, Mg^Na^SO*)*. 611*0, separates in rhombohedral crystals, 
from the liquors obtained in tho preparation of Epsom-salt. It dissolves in 3 pts. of 
e fid water, is permanent in the air, decrepitates when heated, and gives off its water 
without melting. A sodio-magnesie sulphate with 8 at. water, is found (according to 
M n 11 o z y Luna) iu the form of efflorescences, 011 tho ljottouiR of numerous lakes which 
dry up in summer, in the province of Toledo, between Madrid and tho Mediterranean, 
It forms large, transparent, regular, prismatic crystals. 

Sulphates of Manganese.— a. Manganic Sulphate, >tn ? (S0 4 )> = finW. 

-Tills salt does not crystallise, and was formerly known only in solution ; but, 

curding to Curiutf, it may be obtained in the solid state by triturating very finely- 
divided manganic peroxide (prepared, by passing chlorine into a solution of audio car- 
bonate in which manganous carbonate is suspended) to a thin paste with strong sul- 
phuric acid, heating the mass very gradually to ubont 138° (at which temperature it 
exhibits it deep green colour), then placing it cm a warm plate of pumice to absorb the 
exiM-ss of sulphuric acid, triturating it in a warm porcelain mortar with strong nitric 
arid, utter wards absorbing this acid by pumice, and repeating this treatment six or eight 
times— finally heating tho mass in a porcelain dish to 130°, till all the nitric acid is 
driven off, and quickly transferring the product to dry glass vessels. 

Manganic sulphate thus prepared is a deep green perfectly amorphous powder. It 
may bo heated with sulphuric acid to tho boiling-point of the hitter without doedmpo- 
sitioii ; but on continued boiling, it gives off oxygen, and gradually dissolves n*» man- 
ganous sulphate. It is insoluble in nitric acid ; but strong hydrochloric acid dissolves 
it, forming a brown solution, which gives off chlorino whon heated. It absorbs moisture 
rapidly from tho air, and small quantities of it deliquesce instantly to a clear violet 
visc id solution, which, however, soon becomes turbid from separation of manganic 
hydrate. It is quickly decomposed by water, and by dilute acids. With organic 
bodies it reacts like a mixture of manganic peroxide and sulphuric acid, but much 
more quickly. When heated with a largo ouantity of sulphuric acid, and a small 
quantity of water, it is converted into a rod-brown basic manganic sulphato. 
(Carius, Ann. Ch. Pharm. xcviii. 54J 

Manganic sulphate unites directly with the sulphates of potassium and ammonium, 
forming alums.— The potassium-salt, Mn , "K(S0 4 > 2 .l , 2H 2 0, obtained by mixing tho 
concentrated red solution of manganic sulphate with a saturated solution of potassic 
sulphate, and evapo ating to a syrup at a gentle heat, crystallises on cooling in dark- 
violct octahedrons. It is resolved by water into its component salts. — The ammonium - 
«a f t resembles it exactly in external appearance. 

£. Manganous sulphate , Mn'tiO 4 , is occasionally found native together with 
ferrous sulphate and zinc -sulphate. It is prepared by dissolving manganous carbonate 
iu dilute sulphuric acid, or by heating any of Uie higher oxides of manganese (generally 
the native peroxide) with strong sulphuric acid, till the evolution of oxygen ceases, and 
the maos has become dry. This residue, after being then strongly ignited to decompose 
the iron-salt present, yields, by lixiviation with water, a solution of manganous sul- 
phate free from iron. A process, much used on the largo scale, consists in iguittng 
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manganic peroxide in a gas retort with about one-tenth of its weight of pounded coal, 
and dissolving the manganous oxide thus obtained in sulphuric acid, adding a little 
hydrochloric acid at the last, to reduce any remaining portion of the higher oxides of 
manganese. 

Manganous sulphate crystallises, though with some difficulty, from a solution 
evaporated and left to itself, the proportion of water contained in the crystals varying 
with the temperature at which they are deposited. Below v 6°, crystals are formed 
containing 7 at. water, and isomorphous with ordinary ferrous sulphate ; but those 
deposited between 7° and 20° contain 6 at. water, and are isomorphous with cupric 
sulphate. The heptahydrated salt melts at 18°, and the liquid, if further evaporated, 
deposits a salt containing 2H 4 0. Tho heptahydrato effloresces in dry air at 10° to 12°, 
and is converted into the hexhydrate MnS0 4 .6II-0, which at 18° gives off 2 at. more 
of water, leaving the tetrahydrate. The heptahydrated salt covered with absolute 
alcohol, and exposed for some days to a temperature of 10°, is converted into a powder 
containing 6 at. water, but at 20° into a powder containing only 4 at. water 
(Bran dee), between 20° and 30 J a solution of manganous sulphate yields the tetra- 
bydrate MnSO\4H*0, in monoclinic prisms, isomorphous with tet rahyd rated ferrous 
sulphate, and exhibiting tho combination, ooP . ooP2 . [ ooPao ], with oP and | Poo ] at. 
the ends. Axes, a: b: c: = 1 157: 1 : 0*6783. Angle b: o + 89° 7'; »P : oo.P 
(orthod.) *■ 81° 40 ' ; ooP2 : ooP2 (orthod.) = 46° 44' ; [Poo ] : [Pao ] (basal) = 
119° 10'; oP : ooP — 89° 20'. — These crystals give off 3 at. water at 115 J , but retain 
the last at 200°. According to Kuhn, a strongly acid and concentrated solution of 
manganous sulphate yields, by evaporation, a granular salt containing 1 at. water. Of 
all those hydrates, that containing 4 at. water is of most frequent occurrence. Tho 
crystals of manganous sulphate are colourless, or havo a faint amethyst-rod tint, duo 
probably to a trace of manganic salt. Tho anhydrous salt dissolves, according to 
Braudes, in 2 pts. water at 16 J , and in 1 pt. at 50° ; at higher temperatures it is more 
soluble. 

It is insoluble in absolute alcohol, moderately sol ublo in weak spirit. 

Ammonia-manganous sulphate , Mn"(Nli 4 ) s (S0 4 )*.Gll*0 l prepared by mixing the 
solutions of the component salts, and evaporating, forms deliquescent monoclinic 
crystals, isomorphous with the corresponding magnesiura-salt. (Mitscherlich.) 

Potass io-manganous sulphate, Mn' K\S0 4 ) 2 .6H-(), is obtained (according to Mit- 
scherlich,)in like manner, and crystallises in similar form. Marignac, oil the other 
hand (Ann. Min. [5] ix. 1; Jahresb. 1856, p. 381), by mixing equivalent quantities 
of manganous sulphate and potassic sulphate, and evaporating the solution in a 
vacuum at 10° to 12°, or by cooling a solution saturated at ordinary temperatures to 
0°, never obtained tho hexhydrated salt, but always the tetrahydrate, Mii"K^SU , ) a .4H a O, 
in monoclinic crystals, — a result confirmed by v. Ilauer (J. pr Chem. Ixxiv. 431; 
Jahresb. 1 858, p. 170). The. tetrahydrated salt was also previously obtained by- 
Pierre (Ann. Ch. Phys. [3], xvi. 239). The same solution, left for some time at 
40° to 60°, yields pale-red triclinic crystals of tho dihydrate Mn K*(S0 4 ) 2 .2H*0. 
(Marignac.) 

Sodio-manganous sulphate , Mn"Na 5 S0 4 , crystallises by spontaneous evaporation in 
monoclinic crystals, containing 4H*0 ; and at 40° to 50°, in triclinic crystals with 
2 at. water. (Marignac, loc. cit.) The dihydrated salt was previously obtained in a 
similar manner by A rrott (Ann. Ch. Pharm. lii. 243). It is not efflorescent, and 
bears a temperature of 100° without decomposition. 

Ammonio-ferroso-manganous sulphate, Mn"Fe'\NH‘) 4 (S0*)M2H*0, and the corre- 
sponding potassium-salty also the corresponding zin eo- manganous salts, crystallise in 
monoclinic prisms and tables ; the zinc-salts are colourless ; the ferrous salts have a 
tinge of green, and oxidise on exposure to the air. (Vo hi.) 

Sulphates of Mercury. — a. Mercuric Salts. — The neutral salt, Hg"S0 4 or 
Hg'O.SO 1 , is prepared by boiling 4 pts. of mercuiy with 5 pts. of strong sulphuric 
acid, till sulphurous oxide is no longer evolved, and the whole is converted into a 
dry saline mass ; or by dissolving 2 pts. of finely pulverised mercuric oxide in 1 pt. 
sulphuric acid diluted with 4 to 6 pts. water, ana evaporating with constant stirring. 
Eissfeldt obtained it, in crystals containing 1 at. water, by heating mercury with 
sulphuric acid, as above, till the mass no longer became moist on exposure to the air ; 
then spreading it out in a thin layer, and just covering it with water; the hydrated 
salt then separated, in the course of an hour, in colourless quadratic prisms, several 
- lines long. The 1 at. water is given off at 100°. 

Mercuric sulphate has a sharp, saline, disgusting metallic taste. It bean an 
incipient red heat without alteration, but melts at a higher temperature to a brown 
liquid, and volatilises completely to a white crystalline sublimate — a small portion, 
however, suffering decomposition. When heated in hydrochloric add gas, it is eon- 
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verted into mercuric chloride, and is decomposed in like manner by dry hy dried ic 
and hydrocyanic acids. In the wet way it is decomposed by all hydracids. By water 
it is resolved into a soluble acid salt, and an insoluble basic salt. — The acid salt, 
Hg"0.3S0* — Hg"S0 4 .2S0*, is obtained, by evaporating the filtered solution, in white 
needle-shaped crystals which absorb moisture from the air, — The basic salt, 3Hg*0. 
SO* - Hg"S0'.2Hg"O, formerly called mineral turpethum , or turbith mineral, ia 
prepared by boiling the neutral salt with water, or by precipitating a hot dilute 
solution of mercuric nitrate with sulphate of sodium. It forms a lemon-yellow powder, 
which turns grey on exposure to the air, is very slightly soluble in cold, somewhat 
more in hot water. When heated, it is resolved into mercuric oxido and the neutral an.lt. 

Both the neutral and tho basic sulphate are converted by aqueous ammonia into 
sulphate of tc tram or curamni on ium, or ammoniacal turpethum, 
(N*Hg«) SOV2ITO (iii. 928). 

A >n mint to- mercuric sulphate, 3IIg ,, (NIL l )*(S0 4 )*.2H 1< 0 [?], obtained by mixing the 
solution of the component salts, is slightly soluble in water, more soluble in excess of 
ammonia, and crystallises in large, oblique, rhombic prisms, which blacken on exposure 
to light* It appears to be analogous in composition to tho jKrtassium-Balt, but its 
analysis could not bo made with accuracy, as the crystals were covered with a fine 
powder of ammoniacal turpethum. (liirzel, Zoitschr. f. Fharm. 1850, p. 17; 
Jahresb. 1850, p. 332.) 

Potassio-mcrcurh' sulphate , 3lIg''K*(S0 < ) 2 .2H' , 0, is produqpd by dissolving 1 pt. of 
dry mercuric sulphate in warm sulphuric acid, addiug a solution of 1 pt. potassic 
sulphate, digesting till tlie whole is dissolved, and gradually adding boiling water till 
u permanent cloud just begins to form. By slow cooling, it crystallises in large, colour- 
less, monoclinic prisms, (liirzel.) 

Mercuric sulpkato -iodide , Hg"S0 4 .TJg"I*, is produced by dissolving mercuric iodide, 
wiih aid of heat, in concentrated sulphuric acid, and separates from tho solution 
in white confused crystals, which may be washed with alcohol, but are decomposed by 
water. (Souville, J. Pharm. xxvi. 174.) 

Mercuric 8 alpha to-phosphide, 2(3IIg*O.SO , ).Hg*P, is obtained, by passing phos- 
phorated hydrogen-gas into a solution of mercuric sulphate containing free sulphuric 
aeid, as a heavy white powder, which, after drying in a vacuum, contains 4 at. water, 
but. becomes anhydrous and yellow when gently heated. It dissolves easily in nitro- 
muriatic acid. (II. It oso, Pogg. Ann. xl. 75.) 

Mercuric snl photo -snip hid r, 2Hg"NO\Hg"»S, discovered by Bose, is products.!, by 
imperfect precipitation of mercuric sulphate with sulphydric acid, as a white iloeeuleiit 
precipitate, acquiring a yellowish tinge when dried ut 100°. (Jacobsen, Pogg. Ann. 
Ixviii. 411,) 

fi. Mercu rous Sulphate, JIg 2 .S0 4 «. Hg*O.RO*, is obtained by heating 1 pt. of 
mercury with I ^ pt. strong sulphuric acid, till tho whole is converted into a white 
powder, but no longer ; care must also be taken that the heat does not rise to the boiling- 
point of the acid, as in that case mercuric sulphate will also bo formed. Tho mass is 
to be washed with cold water, aH long as tho water acquires a sour taste. According 
to Mohr, it may be obtained as a sublimate, by heating mercuric sulphate to redness 
in a retort. It is also precipitated as a white crystalline powder, on mixing a solution 
of mercurous nitrate with sulphuric acid or sulphate of sodium. 

Mercurous sulphate is sparingly soluble in water, requiring 500 pts. of cold and 300 
pts. of warm water to dissolve it. It separates from the solution in rhombic prisms, 
also from solution in boiling dilate sulphuric acid. Caustic alkalis, added in small 
quantity to a boiling solution of this salt, throw down a basic mercurous sulphate ; 
when added in excess, they precipitate pure mercurous oxide. 

A m ercu roso - mercu ric sulphate , Hg s S0 4 .2Hg"S0 4 , is produced, according to Brooke, 
by heating mcrcuroso- mercuric nitrate with sulphate of sodium. It is insoluble in 
cold water. 

flulplimtea of Molybdenum. — Molybdous sulphate , Mo"S0 4 — MoO.SO 1 , pre- 
pared by dissolving molybdous hydrate in sulphuric acid, forms a nearly black solu- 
tion. Ky triturating the dry hydrate with strong sulphuric acid, a pitch-black viscid 
compound is obtained, which is neutral if a sufficient quantity of the hydrate has been 
used. Water decomposes it into a soluble acid salt and an insoluble basic salt. 
(Berzelius.) 

Molybdic sulphate , Mo ,T (S0 4 ) , J «= MoO*.2S0 4 is produced by dissolving molybdic 
hydrate in sulphuric acid, or by decomposing molybdic chloride with thabneia. It is red 
solution, black in thedry state, or blue if dried ata higher temperature. (Berzelius). 

Permolybdie sulphate, Mo Tl (S0 4 )*.2H 2 0 = Mo t 4 0 , .3SO*.2HK), forms (according to 
Berzelius) a yellow solution, which dries up to a lemon-yellow mass. Accord- 
ing to Anderson, it may be obtained in crystals, by decomposing molybdate of 
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barium with excess of sulphuric acid, and evaporating the filtered solution in the exsic- 
cator.’ It deliquesces on exposure to the air. On boiling the solution with excess of 
molybdic trioxide, the liquid becomes turbid, gelatinises on cooling, and deposits a 
light-yellow floceulent body, probably a basic salt, somewhat solublo in water, but 
insoluble in alcohol. 

Sulphate of Nickel, Ni"S0 4 — Ni"0.S0 8 , is obtained by dissolving metallic 
nickel in dilute sulphuric acid mixed with a little nitric acid, or by dissolving the 
hydrate or carbonate of nickel in dilute sulphuric acid. The solution, concentrated by 
evaporation, yields crystals containing 6 or 7 at. water, according to tho temperature 
at which they separate. Below 15°, the salt NiS0 4 .7H*0 separates in emerald-green 
crystals, isomorphous with sulphate of magnesium; but between 15° and 20°, emerald- 
green, quadratic octahedral crystals are deposited, containing Ni"S0 l .6H-0, exhibiting 
the combinations P . oP (fig. 228, ii. 136) ; F . JP . oP (Jig. 229) ; P ; £P . oP .Poo ( fig. 
230) ; P . AP . iP . oP ; also P . $P . -JP . oP . Poo . ooPcc (jig. 231), and ooPao . P» 

. oP . P . |P. Length of principal axis = 1*888. Angle P : P in the terminal edges 
« 97° 4'; in tho lateral edges = 138° 56'; AP : £P (terminal) = 11!° 4' (lateral } = 
106° 20'. Cleavage very distinct parallel to oP, Jess distinct parallel to ooPm . The 
former crystals, whon exposed for some days to a gentle heat, aro converted into 
aggregates of the latter, losing tlieir transparency at the same time ; sometimes also, 
whon broken, they exhibit in their interior aggregates of tho quadratic crystals (Mit> 
scherlieh). Tho hexlfydrated salt is moreover dimorphous, a solution kept at a 
temperature of 60° to 70°, depositing monoclinie crystals with 6 at. water, and isomor- 
phous with tho 6-hydratod crystals of magnosic sulphate (p. 601), cohnltous sulphate, 
and zinc-sulphate. Those crystals gradually become opaque and bluish sit ordinary 
temperatures. (Marignac.) 

Sulphate of nickel dissolves in 3 pts. of water at 10°, but is insoluble in alcohol 
and in ether. The crystals effloresce in dry air, and crumble to a white powder. When 
boated, they give off thoir water, the last, atom being, however, retained more strongly 
than tho rest. Tho anhydrous salt is yellow, and gives off part of its acid at a reel 
heat. 

A basic nickel-sulphate is obtained, as a light-groon insoluble powder, by imperfect 
precipitation of the neutral salt with potash ; also (according to Tupput i) by gently 
lieating tho neutral salt. 

Am maniacal Sulphates of Nickel. — Anhydrous sulphate of nickel absorbs ammonia- 
gas with rise of temperature, forming tho pale-violet compound, NiSO\6NH 3 (11. Pose), 
A warm saturated solution of nickel-sulphate in aqueous ammonia, left to cool and 
evaporate in a vacuum, deposits (according to Erdmann,) light-blue prismatic crystals 
belonging to the trimetric system, and containing NiSO l .lNIl*.2lI v O. This compound 
is very soluble in water, and is precipitated from the solution by alcohol. The solu- 
tion is decomposed by boiling. 

Sulphate of Nickel ami Potassium, Ni”K"(S0 4 ) 2 .6H , 0, is a light-green salt forming 
crystals, isomorphous with tho corresponding ferrous and magnosic salts, and exhibiting 
the combination ooP . [ coP2] , [aePao]. oP . [Poo] . +P. + 2Pao (Jig. 296, ii. 154). 
also without [ ooP2] and [ coPgo | (jig. 297). It dissolves in 9 pts. of water. The cor- 
responding ammonium-salt, Ni"(Nll*) ,, (S0 4 )*.6ir i 0 J dissolves in I £ pt.. water. 

Sulphate of Nickel and Zinc, Ni"Zn"(S0 4 ) a .6H a 0, is formed (according toMitscher- 
lich) by digesting sulphate of nickel with metallic zinc, and separates cm evaporation ; 
in light-green efflorescent crystals, having the form of the 6-hydrated sulphate of nickel 
(which form ?). 

The salt Ni"Fe"K , (S0 4 ) 4 .12H a 0, and the corresponding salts containing magnesium, 
manganese, or zinc in place of iron, and ammonium in place of potassium, ciystalliso 
in emerald-green prisms and tables, isomorphous with the salts of like composition 
already described. (Yohl.) 

Sulphate* of Omnium. — Osnric sulphate, Os lT (S0 4 )* »• OsO z .2SO”, is produml 
by dissolving sulphide of osmium in excess of nitric acid, and remains after the 
excess of nitric acid and theosmic totroxide simultaneously formed have been, removed 
bv distillation, as a dark yellowish-brown syrup, showing no tendency to crystallise. 
The yellow aqueous solution has an astringent taste, reddens litmus strongly, and 
is not precipitated by alkalis. — Osmiaus sulphate, Os"SO\ obtained by treating sulphide 
of osmium with an insufficient quantity of nitric acid, or by dissolving osmious hydrate 
in dilute sulphuric acid, is a yellowish- brown amorphous mass. 

Sulphates of Palladium. — The neutral sulphate, Pd''SO\ is obtained, according 
to Kane, by dissolving palladium in sulphuric acid mixed with a little nitric acid. The 
solution, evaporated to a syrup, deposits the salt on cooling, in brown irregular crystals 
containing 2 at. water. It has a sour and metallic taste, deliquesces in moist air, and 
is decomposed by a large quantity of water. — A basic salt, Pd''SO\7Pd“O.GH*0, is 
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formed when a solution of the neutral salt in a small quantity of water is diluted with 
ii large quantity, aiul separates as a brown powder, which, when exposed to the air in 
the dry state, gradually takes up 4 at. water. (Kane*.) 

Sulphate of Pall ad ammonium, N-H*Pd M .S(F. See Pai laihum-hasrs (iv. 329). 

Sulphates of Platinum. — Platinio sulphate, Pt u (S0 4 ) 2 , Is prepared by dis- 
solving recently precipitated sulphide of platinum in fuming nitric add, and evaporating 
at a gentle heat. (E. Davy) ; or by mixing a concentrated aqueous solution of platinio 
chloride with sulphuric acid, and evaporating to dryness (Berzelius). The dry salt 
is nearly black, the solution dark-brown. It is decomposed by sal-ammoniac when 
evaiorated to dryness therewith. (E, Davy, Phil. Trans. 1820; 8ek\v. J. xxxi. 
340 .) 

Ihirio-phitinic sulphate, is formed, as a precipitate insoluble in water, on mixing a 
solution of platinio sulphate with chloride of barium. It dissolves in boiling hydro- 
chloric acid, and is not. decomposed by alknlis. (E. I)a vy, loc. cit.) 

Putassio-platinic sulphate is formed, by boiling a solution of platinio sulphate with 
potash, as a dark-brown precipitate, which is insoluble in water, dissolves in hydrochloric 
ueid at the boiling heat, turns black on drying, and decomposes at a red heat. (E. 
Davy.) 

SotHo-pfafinic sulphate is a similar double sal t t, contui ning 7*1 1 per cent, aodic sulphate, 
84Tli platinum, and 8 73 water. (E. Davy.) 

Plati no us sulphate , IY\S0 4 , is obtained by Natural iug as olut ion of plat inous oxide 
in potash with sulphuric acid, decanting the liquid, ami dissolving the precipilaU'd oxide 
in dilute sulphuric acid ^Herzelius) ; also by digesting plat inous chloride w-itli strong 
sulphuric acid, us long as hydrochloric acid iH thereby eliminated (Viiuquolin). The 
solution is dark- brown, turns region dilution, and leaves a black syrup when evapo- 
rated. 

Respecting the ammoniacal sulphates of platinum , sco Platinum-bases (iv. 675- 
077 ). 

Sulphates of Potasaluxn. x. Nor oral or Neutral Sulphate , K.-S( ) ’ 
K'-’O.SO*. Tartarus vitriol at us. Arcanum tin plica turn. Sal poly clot slam ( i Insert. Sal 
ih tinnitus. Sp> cificum purgans Puraatsi. Panacea lufsatica. Panacea t/uplirafa, 
St/ non vitriolntum. Spirit ns vitriol i mat/ at ain't is. — This salt occurs native, in delicnfo 
needlc-slmpcd crystals, or as n crust, on many of the Vesuvian lavas, and is ilesig- 
nated inineralogically as fi lose rite, Arcanite , Aph/hitalife , Aphthahw, or Vistnuan salt. 
It exists more abundantly, however, in solution in sea-water ami spring-water, and in 
the bodies of plants and animals, It is obtained as a bye-product in several manufac- 
turing processes, us in the preparation of nitric acid from nitrate of potassium, tin* 
iii-iil sulphate usually obtained as a residue of this operation being converted into neu- 
tral sulphate by addition of pot as sic. carbonate. The quantity thus produced is. 
however, not so great at present as formerly, in consequence of the substitution of 
Rodic for potassic nitrate as a source of nitric acid. Sulphate of notassium is also 
obtained when the residue left- on treating crude potash with cold water (iv. 710) 
is dissolved in a small quantity of boiling water. It likewise crystallises out from 
the mother-liquors of sea- water and salt-spri ngs, and of the liquors obtained by 
lixiviating kelp and varee, when these mother-liquors are left to cool at a certain stage 
of the concentration (iv. 713-719). According to Fayen, 300,000 kilogrammes of 
this salt arc annually obtained in Franco from varee. Further, it may be formed 
directly by heating a solution of chloride of potassium with kieserite, MgKOMPO, 
or ordinary sulphate of magnesium, under a pressure of 10 atmospheres (Clemm, 
Tahresb. 1864, p. 764); and from felspar by calcining that mineral with lime and 
sulphate of calcium or barium. (Tilghmann, iv. 719.) 

Sulphate of potassium crystallises in four-sided prisms, or double six-sided pyramids, 
belonging to the trimetric system {figs, 2G9-275, CnYSTAi.LOOttArnr, ii. 148, 149); also 
in twins Tike fig. 331 (ii. 162). Cleavage parallel to ao Fee and ooPao . Axes a : h : o 
*(>7464:1:6-5727. Angle P:P(braeh.) = 131° 8'; ooP: ocP (macr.) - 73 0 2tf; 
qoT* 2 : <*f>2 = 112° 22'; Poo: Poo (basal) « 69° 36'. The salt was formerly sup- 
posed, under certain circumstances, to form crystals belonging to the hexagonal system * 
but these crystals arc now known to consist of sodio-potassic sulphate (p. 609). Tho 
crystal® of potnssic sulphate are colourless, very hard, anhydrous, and unalterable in 
the air; they decrepitate when heated, and melt at a bright rod heat. Specific gravity 
* 2*662 (Kopp); 2*572. (Buignet.) 

Sulphate of potassium has a saline bitter taste, and is one of the least soluble of 

S otassiuui'Balts. According to Kopp (Ann. Ch. Pharro. xxxiv. 361), 100 pts. of water 
issolre 8*36 pts. of it at 0°, and 0*1741 pt. for every degree above 0°. According to 
Kremers (Pogg. Ann. xcv. 120), the specific gravity of the solution varies with it* 
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Specific gravity of aqueous solution 
at IB A° (specific gravity of water 
at 19*6° = l). 

10193 
1*0385 
10568 
1 0763 
1*0909 


Quantity \»f K«SO« 
to 100 pta. of solu- 
tion. 

2*401 

4*744 

6*968 

9*264 

10945 


Quantity of K*BCM 
in 100 pta. of water. 

2*46 

4*98 

7*49 

10*21 

1229 


A saturated solution boils at 103°. (Kremers.) 

Sulphate of potassium is insoluble in potash-icy of specific gravity 1*35 (Liebig), 
but more soluble in the aqueous solutions of other salts (as the sulphates of sodium, 
magnesium, and copper) than in pure water (Pfaff, Ann. Ch. Pharm. xcix. 227). It 
is insoluble in absolute alcohol, but soluble in dilute spirit. According to Schiff 
(Ann. Ch. Pharm. cxviii. 365) ; 

A solution (saturated at 15°) in Contains per cent, 

spirit of: of K 2 SO*. 

Specific gravity. Per cert, by weight. ■* 

1*000 0 10-4 

0*986 10 3*9 

0*972 20 . 1*46 

0*958 30 0*55 

0*939 40 0*21 


Most of the stronger acids abstract half the potash from neutral sulphate of potas- 
sium, and convert it into the acid sulphate. 

With nitric and with phosphoric acid, however, it forms definite compounds. A 
solution of the salt in nitric acid, first deposits crystals of acid sulphate and nitrate of 
potassium, and afterwards the compound K a SG 4 .HNO s , in oblique four-sided prisms, 
which have a specific gravity of 2 381, melt at 150°, and are decomposed by water and 
by alcohol. The compound K a S0 4 .H s P0 4 crystallises, on cooling, from a solution of 
neutral potassic sulphate in ordinary phosphoric acid , in six-sided prisms, which have 
a specific gravity of 2*296, and melt at 240°. Both compounds are decomposed by 
water and by alcohol. (Jacquolain, Ann. Ch. Phys. [2], Ixx. 311.) 

A Acid Sulphates . — Ilydro-monopoiassic sulphate, KHSO 4 or K 2 SO*.H*SO*, com- 
monly called Bisulphate of potash , occurs native as Misenite , in white silky fibres, in 
the hot tufa cavern of Misono near Naples. It may be produced by melting 13 pts. of 
the neutral sulphate with 8 pts. of strong sulphuric acid, and is obtained as residue in 
the preparation of nitric acid by distilling 1 at. nitrate of potassium with 1 at. sul- 
phuric acid (iv. 78). It dissolves in about half its weight of boiling water, and crystal- 
lises from a concentrated solution on cooling, in rhombic octahedrons and combinations 
thereof, often very much like those of native sulphur. Axes a r b : c *=» 0 8611 : 1 : 
1*9347. Angle P : P (brach.) - 103° 36' ; P : P (macr.) - 88° 12'; P : P (basal) 
« 142 Q 44'; Poo : Poo (basal) = 132 0; ^Poo : ^Poo — 96° 38'. The crystals 
often exhibt the simple form P (likejfy. 260, li. 144) ; often also oP . P, tabular from 
predominance of oP, and with the above-mentioned brachvdiagonal domes subordinate. 
They have a specific gravity of 2*163, melt ut 197° ; and the fused salt solidifies on 
cooling in large monoclinic crystals, very much like those of (jjlspur. The salt is 
therefore dimorphous. At higher temperatures it gives off water and afterwards 
sulphuric anhydride, leaving the neutral salt. It is decomposed by alcohol and by a 
large quantity of waler into sulphuric acid and neutral potassic sulphate. It is 
often used in mineral analysis, especially for the decomposition by fusion of aluminous 
minerals, and of niobic and tantalic compounds. 

HydrO’dipotassic sulphate, K 4 H 2 (S0 4 )* — 2K a S0 4 .H a S0* (seequi sulphate of potash), 
crystallises from a solution of the neutral sulphate in dilute sulphuric acid, together with 
the preceding salt, in asbestos-like threads (Phillips, Phil. Mag. i. 429). Jacquelain. 
succeeded only once in preparing this salt. , 

Hydro-tripotassic sulphate, K 9 H(S0 4 )*, or 3K a S0 4 .H 2 S0 4 , is produced, according to 
Marignac (Jahresb. 1856, p. 320), by dissolving h yd romo nopotassic sulphate in 
excess of water,, concentrating the solution by heat, till it yields i* small quantity of 
crystals on cooling, then concentrating the mother-liquor again, and leaving it to 
crystallise, and so on. The solution then deposits, first the neutral sulphate, afterwards 
the hydrotripotassic, and finally the hydromonopotassic salt. The hvdrotripotassic , 
salt forms six-sided tables or acute rhombohedrons, both belonging to the monodinie 
system. m 

y. An hydrosulphate, K a S*0 7 - K 2 S0 4 .S0» - K*0.2S0 9 (anhydrous bisulphate 
of potash), is formed, according to Jacquelain (Ann/ Ch. Phys. [2] Ixx. 311) by 
dissolving 1 at. of the neutral salt and 1 $ at. sulphuric acid in water, and leaving the 
solution to evaporate ; also when the neutral salt is heated in a platinum-crucalW with 
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half its weight of sulphuric acid,, till that acid is n<5 longer given off at a commencing 
ml heat. It crystallises in prismatic needles, of specific gravity 2*277, which melt at 
210°. These crystals, when left immersed in water for several days, gradually 
disappear, and the solution yields largo crystals of hydromonopotassic sulphate. The 
anhydrosulphate dissolves very easily in hot water, and crystallises unaltered on 
cooling, but is decomposed by a quantity of water larger than that required to dissolve 
it. 

$. Double Salts. — Sodio-fripotassic sulphate, K t Na(SO < )*, technically culled plato- 
sulphate of potash^ and formerly regarded as neutral sulphate of potassium, is 
deposited, on cooling, from tho aqueous extract of kelp, when this liquid is concen- 
trated to commencing crystallisation, and is obtained in cukes of greater thickness, 
by repeatedly pouring freBh quantities of warm saturated liquor on the separated 
salt Its crystallisation, especially when the temperature of the liquid has sunk 
to 38°, is accompanied Jjy vivid flashes of light, which may be increased by triturating 
the separated salt under tho liquid, or by breaking the saline crusts formed on the 
surface, touching the warm saturated liquid with a crystalline mass already cooled, &c. 
On recrystalliaingit, however, no light is emitted (Penny, Phil. Mag. x. 401 ; Jahresb. 
1855, p. 332). A solution of 1 at. Na 2 S0 4 and 3 at. K*8(> 4 first deposits crystals of 
pure potassic sulphate, and afterwards crystals of the double suit (v. Hauer, Jahresb. 
I860, p. 117). The crystals of this salt belong to the hexagonal system, exhibiting 
the tabular combination oTt . It, or prismatic coR . oil . + It . — H (like/5/, 240, ii. 
136). For It, the length of the principal axis is 1*284. Angle It : It (terminal) 

88° 13'; for the pyramid composed of + It awl —It, miglo R : It (terminal) « 131° 2' ; 
(basal) = 112° O'. (Mitscherl ich, Pogg. Ann. lviii. 408; v. llauer, J. pr. 
Cliem. lxxxiii. 356; Jahresb. 1861, p. 170. — K op p’s Krystalfoyraphie , 2toAull. 1862, 

p. 218.) 

Sod io-pm tapotass ic sulphate , K a Na(SO')*, is produced, according to Gladstone, 
(Chem. Soc. Qu. J. vi. 106), by fusing tho neutral or acid sulphate of potassium with 
common salt, or tile neutral sulphate with sulphate of sodium. It crystallises from 
the hot solution in six-sided prisms with pyramidal summits. 

Strontio-potaMic sulphate, Sr"K s (S0 4 )*, separates, according to II. Rose, in microscopic 
prisms, from a solution of tho strontium-salt mixed with excess of neutral potassio 
sulphate. 


Sulphate of Rhodium, JEh a (S0 4 )* «* Ith a O*.3SO , l is prepared by dissolving pre- 
cipitated rhodium-sulphide in fuming nitric acid. It is a brown powuur, soluble with 
ml colour in water. (Berzelius.) 

Potassio-rhodic sulphate is formed, according to Berzelius, when finely-divided 
rhodium is heated to low redness with acid sulphate of potassium. Tho cooled mass 
is yellow, or rarely rose-coloured, and dissolves in water, forming a yellow solution, 
from which alkalis and sulphydric acid throw down only part of the rhodium. — 
Another pota&sio-rhwlic sulphate , probably Rh"'K(S0*) 2 , is obtained by treating potas- 
sio-rhodic chloride with Bulplmrous acid, aa<l separates from the solution as a white 
powder, nearly insoluble in water, and only slight ly soluble in sulphuric acid. 


Sulphates of tfubldlnm. — The anhydrosulphate , Rb 2 S 2 0 7 » Rb’SOVSO®, melts, 
like the corresponding potassium-salt, at commencing redness, and when more strongly 
heated, gives off sulphuric anhydride, ntid is converted into the neutral salt Rb*80 4 . 
The latter separates from aqueous solution in large, hard, vitreous crystals, isomor- 
f hous with sulphate .of potassium, and exhibiting tho combination P . 2P*>. Axes, 
« : b : c - 0*5723 : 1 : 0*7622. Angle P : P (brach.) « 131° 6'; P : P (maer.) - 
87° 8’ ; P : P (basal) -113° 8' ; wP ; »P (iruvcr.) • 73° 54' ; ooP2 ; »P2 (maer.) - 
112° 40' ; Poo : Poo (basal) « 59° 34'. The crystals arc anhydrous, permanent in the 
air, decrepitate and become opaque when heated. 

Sulphate of rubidium forma, with sulphate of aluminium ,, an alum containing 
Ar‘Rb(&0«)*.i2H'0; and with the sulphates of nickel, c< Jw.lt, magnesium, &c., hex- 
hydrated double gaits, isomorphoua with the corresponding potassium-compounds. 
(Kirchhoff and Bunsen, Pogg. Ann. cxv. 584; Jahresb. 1861, p. 177.) 

Sulphate of Ruthenium, Ru lT (S0 4 )* «= RuO*.2SO* is obtained by the action of 
nitric acid on the sulphide of ruthenium precipitated from the trichloride by sulphydric 
acid. It forms an orange-yellow solution, which, when evaporated to dryness, leaves 
a yellow-brown, amorphous, deliquescent mass, having a soar astringent taste. The 
finely-divided dry powder resembles mosaic gold. The aqueous solution yields ft 
yellow-brown precipitate with alkalis only on heating, and is coloured blue by sulphy- 
dricacid. (Claus.) 

Sulphate of Silver, Ag*S0 4 - Ag’O.SO*. Silver-vitriol.— This salt is produced 
Vox, V„ R R 



610 SULPHUR : OXYGEN -ACIDS AND SALTS. 

either by dissolving silver in boiling sulphuric acid, or by precipitating a solution of 
the nitrate with sulphate of sodium. It is a white inodorous powder, having « 
disagreeable metallic taste, melts at a rather low temperature, and decomposes at a 
higher temperature, leaving metallic silver. When exposed to light, it gradually turns 
green. It dissolves in 200 pts. of cold and 88 pts. of boiling water, and crystallises on 
cooling in anhydrous shining noodles. According to Mitscherlich, the best crystals are 
obtained by slow evaporation of a solution of the salt in nitric acid. They are trime- 
tric and iaomorphous with anhydrous sulphate of sodium, exhibiting the combina- 
tion P . oof* co . qdP . ^ P. Axes, a : b : c — 0*4614 : 1 : 0*8078. Angle P : P (braeh.) 
* 136° 20' i P : P (macr.) = 72° 32' ; P : P (basal) = 125° 11'. Cleavage parallel 
to P and ooPco . 

A sulphato-sulphide of silver is formed by digesting the sulphide with nitric acid, 
as a brown-yellow powder, which when boiled with excess of nitric acid, is completely 
converted into sulphate. Boiling water dissolves out the sulphate of silver and leaves 
the sulphide. (Berzolius.) 

Sulphate *f Argentammonium , (NH s Ag)*SO' l J is formed by saturating the dry sul- 
phate with ammonia-gas ( H. K o s e). Mitscherlich obtained the compound Ag 2 S0 4 .4NH s 
«=, [N i H 4 (NH 4 )*Ag 5t ]"(S0 4 ), by dissolving recently precipitated argentic sulphate in 
warm strong ammonia: it separated on cooling in colourless crystals, tolerably perma- 
nent in the air. 

Silver-alum , Al"'Ag(S0 4 ) 2 .l 21FO, has already been described. — A basic argentoferrio 
sulphate , 18(2Ag 2 0.S0 s ).(2Fe 2 0 8 .S0“), is obtained, according to Lavini, by leaving a solu- 
tion of argentic and ferric sulphates for some time in a closed vessel, and separates in 
rust-brown crystalline crusts, soluble in 100 pts. of water. 

Sulphates of Sodium. — a. The Normal or Neutral Salt , Na^SO 4 = Na*O.SO*. 
Glaubers Salt. Sal mirabile Glauberi. Natrum sulphuric urn crystallimtum . — This 
salt was discovered and described in 1658 by Glauber, who prepared it from the residue 
obtained in the preparation of hydrochloric acid from common salt and sulphuric acid. 
It occurs rather abundantly in nature, eitheranhydrous.as Th&nardite t crystallised in right 
rhombic prisms, or with 10 at. water, as Glauber’s salt, in monoclinic prisms. Th&iardite 
is found at Tarapacu in Peru, and at Espartiuas near Madrid. Glauber’s salt occurs in 
crystals, or more frequently in efflorescent crusts, at Isc.hl and Hallstadt in Austria ; 
also in Hungary, Switzerland, Italy, &c. ; it is abundantly deposited at the hot springs 
of Karlsbad; in large quantity also in a cavern in Hawaii, being formed by the action 
of volcanic heat and gases on salt-water ; and effloresces with other salts in the lime- 
stone below the Genesee Falls, Rochester, New York; also near the Sweetwater river, 
Rocky Mountains. It occurs more abundantly in combination with calcic sulphate, 
as glauberite or brongniartin (ii. 846). Sulphate of sodium is also a constituent of sea- 
water and of most brine springs, and exists in large quantity in many salt lakes of 
Russia, and in many mineral waters, as those of Karlsbad and Piillna. 

Fig. 795. 



Sulphate of sodium is prepared in enormous quantities by the action, of sulphuric 
acid on common salt as a preliminary step in the manufacture of carbonate of sodium. 
The operation is performed in a reverberatory furnace connected with an apparatus for 
condensing the hydrochloric acid. One of the best forms of furnace is represented in 
fig. 795* the arrangement of the flues being, however* somewhat different. - 

A, the smaller of the two compartments which compose the furnace* is of cast iron ; 
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In this (the decomposer) from 6 to 6 ewfc. of common salt is introduced, and an equal 
weight of sulphuric acid (of specific gravity 1*6) is gradually mixed with it, a gentle heat 
being applied to the outside ; enormous volumes of hydrochloric acid are disengaged, 
and pass off by the flue d , to the condensing towers E and 1*\ These towers are Sled 
with fragments of coke or stone, over which a continuous stream of water is caused to 
trickle slowly from k h. A steady current of air is drawn through the furnace and 
condensing towers, by connecting the first tower with the second, as shown at g y 
iind the second tower with the main chimney (E) of the works. In the first bed of tho 
furnace, about half the chlorine is expelled as hydrochloric acid from the common salt., 
and the pasty mass thence resulting is pushed through a door into the roaster, or 
second division (Bj of tho furnace. In this state it consists of a mixture of acid sodic 
sulphate and undecomposed sodic chloride : 

2NaCl + H 5 S0 4 - NaCI + NallSO 4 + HC1. 

In the second stage, a higher temperuturo is required, the acid sulphate then reacting 
on the unchanged chloride, in such a manner as to convert the whole of the sodium into 
normal sulphate : 

NaCI + NallSCM * HC1 + Na*SO'. 

The fused sulphate of sodium thus obtained is ealled snlt-cuko. The hydrochloric 
acid gas, as it is liberated from H, passes through tho flue d , and is carried on t-o tho 
condensing towers. Heat is applied to the outside of tho roaster B ; the smoke and 
products of combustion circulate in sepamte flues round t he chamber, in the direction 
indicated by the arrows, but never come into contact with the salt-cake in B. (Miller’s 
Elements of Chemistry , 3rd edition, part ii. p. 420.) 

For further details, see Richardson and Watts’s Chemical Technology , vol. i. port. iii. 
pp. 204—215, and part v. pp. 235 —241. 

Sulphate of sodium is likewise obtained as a residue in many chemical operations 
as: (<?) in the preparation of nitric acid with sulphuric acid and Chile saltpetre; (6) of, 
Hiil-ammoniac from sulphate of ammonium and chloride of sodium ; (c) of magnesia 
rtMcr from sulphate of magnesium and carbonate of sodium. — (d) Considerable quantities 
are also obtained from the panstone and mother-liquors in the preparation of common 
salt from sea-water and salt-springs (p. 333). The panstone, which often consists 
mainly of a mixture of common salt and anhydrous ealcio-sodic sulphate, is lixiviated 
with wator, which dissolves out the sulphate of sodium; tho non-Haturuted solutions 
are poured upon fresh panstone, and the saturated solutions into large receivers, in 
which the sulphate of sodium crystallises out in winter. From the mother-liquor of 
brine-springs and of sea-water, sulphate of sodium is separated by fractional crystal- 
lisation, tho liquor being exposed during winter to a freezing temperature. Tho sulphate 
of sodium partly exists in these mot her- liquors ready formed, and in partly produced by 
the mutual action of the miigimsic sulphate and sodic chloride contained in them, so that 
the mother- liquor left, after the separation of the sodic sulphate contains chiefly chloride 
of magnesium. The crude salt is dissolved in water at 33°, and separates from the solu- 
tion on cooling in large tolerably puro crystals (Richardson and Watts’s Chemical 
Technology , vol. t. part iii. pp. 167, 545). — e. By the decomposition of ferrous sulphate 
with chloride of sodium, a mixture of these two salts depositing sulphate of sodium 
when exposed to a winter temperature. It may also be formed by heating iron-pyrites 
or green vitriol with common salt in a reverberatory furnace, hydrochloric acid then 
going oflj and tho iron being partly volatilised as chloride, partly remaining in the form 
of ferric oxide. At Fahlun, in Sweden, Glauber’s salt is obtained from the mine- 
water, and from the mother-liquor of green vitriol, by mixing these liquids with the 
requisite quantity of common salt, evaporating to dryness, igniting, and dissolving the 
rt siduo in hot water. • 

Sulphate of sodium is obtained, as an anhydrous mass, by leaving ordinaiy Glauber's 
salt (tho decahydrate) to effloresce,’' or by heating it to redness, and in anhydrous 
crystals by heating a solution saturated at 33° to 40°, some degrees higher; according 
to Mitscherlich, it separates even at 40°. These crystals, which have the same form as 
then&rdite, are rhombic octahedrons ismorphous with sulphate of silver, and with the sele- 
nates of sodium and silver, and exhibit the combination P . J P . 00 P . 00 Poo . Axes . 
a:b:e - 0-4734 : 1 : 0 8006. Angle P : P (braeb.) - 135° 41' : P : P (macr.) 

= 74° 18*; P : P (basal) «■ 123*43°. Cleavage parallel toP. and ooP«. The salt 
melts at a strong red heat to a thin liquid, and solidifies on cooling to a transparent 
crystalline mass. Specific gravity of the crystals «■ 2*73 (Cordier) ; 2*646 (Thom- 
son); of the solid fused salt = 2 693 (Karsten; Schroder). By ignition with 
charcoal, it is converted into monosulphide of sodium. 

Sulphate of sodium crystallises from solution at ordinarv temperatures* in large, 
colourless, striated, monoclinic prisms, containing Na^SO*. 10H*O, and isomorphous with 

» u 2 
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chromate and selenate of sodium containing corresponding quantities of water. Axes 
a: b: o «* 0*8962 : 1 : 1*109. Angle b : c » 72° Id'; »P : oop (orthod.) — 
93° 29'; [P«o] : [Poe] (clinod.) - 80° 38' ; [2Poo] : [2Poo ] (clinod.) - 45° 68 r ; 
+ Poo : e - 49° 50'; + £Pco : e =* 75° 19'; - $P : e - 47° 66'; oP : ooP * 
77 ° 66 '. The ordinary combination is ooP . ooPoe . oP . [Pqo ]. + P. + Poo . The 
crystals are almost always prmmatically elongated in tho direction of the orthddiagonal, 
and cleaye very distinctly parallel to ooPoo . They effloresce readily on exposure to 
the air, melt in their water of crystallisation at 33°, and give off the whole of it 
below 100°. 

The salt has a bitter and cooling taste, and is used as a purgative. 100 pts. of 
water dissolve 12 pts. of it at 0° ; 48 pts. at 18° ; 100 pts. at 26°; 322*6 pts. at 33°; 
263 pts. at 60° (Gay-Lussac), and 244 pts. at 100° (Brandos and Firnhaber). 
Hence it appears that there is a maximum of solubility at about 34°. . 

When a solution saturated at tho point of greatest solubility is left to cool in a closed 
vessel and at perfect rest, it remains supersaturated at ordinary temperatures, and does 
not crystallise; but on agitating it in contact with the air, or dropping a crystal of the 
salt into it, the whole solidities, with rise of temperature, to a mass of crystals of ordi- 
nary Glauber’s salt. If, however, the supersaturated solution be cooled below 12°, 
without agitation, crystals are sometimes formed containing 7 at. water and mueli 
harder than the decahydrated crystals. If now the temperature be again reified above 
15°, or the crystals touched, they become milk-white, and are converted, with consider- 
able rise of temperature, into a mixture of tho anhydrous and the decahydrated salt. 
(Ziz; Faraday; Lowel.) 

The heptahydrated salt, Na 2 S0 4 .7H 2 0, crystallises in rhombic prisms, c»P . ooP3. 
oePoo, terminated by the faces, Poo . ^Poe. Axes a : h\c = 0*966 : 1 : 0*966. 
ooP : ooP (macr.) ** 87° 20* : ooP3 : ooP3 ** 35 0 18'; Poo : Poo (basal) * 88°0* ; 
iPoo:^P oo (basal) = 36° 40'. 

According to Lowel (Ann. Ch. Phys. [3], xlix. 32; Jahresb. 1866, p. 321), sul- 
phate of sodium may exist in solution in three different states — viz., as anhydrous salt, 
or as the ordinary decal lydrate, or as the heptahydrate. When the ordinary decahy- 
drated crystals are melted in thoir water of crystallisation, then heated till the liquid 
boilN, and the vessel immediately closed, a crystalline powder of the anhydrous salt is 
deposited. If the liquid be frequently agitated as it cools, the anhydrous salt dissolves 
more and more, till the temperature has fallen to 18°. On further cooling, crystals of 
the salt Na*SO\7H*0 are deposited on the still undissolved residue, and below 18°, 
the anhydrous salt is gradually but completely converted into the heptahydrate. Tho 
solutions of tho anhydrous sulphate remain as such at ordinary temperatures only in 
closed vessels ; in contact with the air, ora crystal of Glauber’s salt, they immediately 
deposit crystals of the decahydrated salt. The solubility of tho anhydrous salt 
diminishes as tho temperature rises ; but that of the ordinary deeahvdrote increases 
up to about 34 at which temperature it is converted into the anhydrous salt. At 
34°, the dooahydnitod crystals gradually melt in their water of crystallisation. As 
long as tho saturated liquid remains in contact with a lurge excess of tho unaltered 
crystals, it retains an amount of salt corresponding to that in a solution of tho deca 
hydmtod salt saturated at 3 4°— that is to say, 66 pts. of anhydrous suit to 100 pts. water. 
If, however, the fusion be continued further, tho anhydrous salt begins to separate; 
and when all the crystals are fused, the solution ultimately contains 49*53 pts. of 
anhydrous salt to 100 pts. water, an amount corresponding to that of a solution of the 
anhydrous salt saturated at 34°. Hence the apparent maximum in the solubility of 
sodic flulphato at 34°, arises from the fact that the salt, under ordinary circumstances,, 
dissolves in water up to the temperature of 34°, as Na’SOUoIPO, the solubility of 
which increases with tho temporoture ; but above 34°, it dissolves as anhydrous salt, 
the solubility of which diminishes as the temperature rises up to 103*7°, the boiling- 
point of the saturated solution. (Lowel.) 

Saturated solutions of the salt Na'SO^lHO are obtained, for higher temperatures, 
by removing, at a lower temperature, a portion of the mother-liquor which covers* the 
crystals, and then warming the crystals with the rest of the liquid. When a liquid 
containing an excess of the crystals of this heptahydrate is heated to 27°, these crystals 
behave just like those of the decahydrate at 34°— that is to Bay, they molt, and the 
liquid deposits the anhydrous salt. (Lowel.) 

The following table exhibits the variations of solubility of anhydrous sodic sulphate, 
and of the two hydrates ; in the two latter cases, also, the quantity of anhydrous salt 
equivalent to the hydrated salt dissolved at each temperature is given:— 
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Quantities of Sodio Sulphate dissolved in 100 pts, of Water in the state qf Saturated 

Solution. 



NtfSO*, 

Na*SO< + l0H*O. 

| Na»SO< + 7H*0. 


Aohydrout. 

Avthydroui. 

Hydrate. 

An hydro! a. 

Hydrate. 

o°c. 


6*02 

12*16 

19 62 

44*84 

10 

, , 

9*00 

23*04 

30*49 

78-90 

15 

„ , 

13*20 

35*96 

3743 

105*79 

18 

6225 

16*80 

48*41 

41*63 

124*59 

20 

62-76 

19*40 

68*35 

44*73 

140*01 

26 

61-53 

28*00 

98*48 

62*94 

188*46 

26 

61*31 

30*00 

109*81 

64*07 

202*61 

30 

50-37 

40*00 

18409 



33 

49*71 

50*76 

323*13 



34 

49*53 

65*00 

41222 



40*15 

48*78 





60-40 

46-82 





69-79 

46-42 





70-61 

44-35 





84-42 i 

42 96 





10317 

42*65 






Sulphate of sodium is insoluble in alcohol, but somewhat soluble in dilute spirit ; 
strong alcohol heated with the ordinary crystals, abstracts part of their water of 
crystallisation. According to Scliiff (Ann. Ch. I’harra. cxviii. 3C5) : 

A solution (saturated at ISO) In Blcohol of : 


Specific gravity. 
1 000 
0-976 
0-972 
0-939 


Per cent, by weight. 
. 0 
10 
20 
40 


Contains per cent, of 
Na 2 SOMOH a <), 

. 25*6 

1436 

6*6 
1*3 


Alcohol precipitates it from tho cold aqueous solution. — [On tho solubility of sodic 
sulphate in various liquids, sco further, Store r’ a Dictionary of Solubilities , iii. 023 — 
628 .] 

Strong hydrochloric acid poured upon crystalb'sod Glauber’s salt, produces consider- 
able depression of tomporature. ^ 

8. Acid Sulphates of Sodium. — Hydro-monosod ic sulphate, NaHSO 4 or Ntt*S0 4 . 
H*S0 4 , commonly called hydrated bisulpkate of soda , is obtained, in large transparent 
triclinic crystals, by dissolving equivalent quantities of tho neutral sulphate and 
sulphuric acid in water, and evaporating by heat. From a solution saturated at tho 
lading heat, it separates on cooling in oblique rhombic prisms containing 2 at. water, 
according to Mitschorlich, 3 at. according to Wittstein. Tho crystals, when exposed 
to the air, graduallly, absorb water without di liqucscing, and are resolved into the 
neutral salt and free sulphuric acid. The same decomposition takes places on dissolving 
them in 4 pts. of hot water or pouring alcohol upon tnem. 

Hydro-trisodie sulphate, Na*li(S0 4 j a , is obtained, according to Mitschorlich, when 
the neutral sulphate is treated with half the quantity of sulphuric acid required to 
convert it into the preceding salts ; it crystallises by evaporation in beautiful oblique 
rhombic prisms; H. Rose always obtained it from a solution of hydromonosodic 
sulphate, and in one preparation Jt was deposited in small crystals with a somewhat 
different amount of water. Its aqueous solution always yields crystals of neutral sodic 
sulphate with 2k at. water (H. Bose). Mitscherlieh sometimes also obtained crystals 
containing Na*H(S0 4 ) 3 . 

The anhydrosuiphate, Ra t S , O t — Na*S0 4 .SO* Na*0.2SO\ or anhydrous bisul- 
phate of soda , is obtained by covering 1 at. of the dry neutral sulphate with 1 at. 
sulphuric acid, and heating till the mass fuses tranquilly at a low red beat. When * 
heated to full redness, it gives off sulphuric anhydride (p. 669). 

Balphtts of Btroatlnm, Sri’SO 4 . » SrO.SO*, occurs native as coelestin, 
sometimes in large trimetric crystals, sometimes sparry or fibrous (i. 1069.) BCanross^ 
by fusing sulphate of potassium with excess of chloride of strontium, obtained sulphate 
of strontium m crystals having the form and specific gravity of cmlestm. By precipi- 
tating a soluble stronti urn-salt with sulphuric acid, it is obtained as a white powder 
which, acc ording to Freeenius, is soluble in 6,895 pts. of cold and 9,638 pts. of boiling 
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water, but much Tees soluble in water containing hydrochloric or sulphuric acid, of 
which it requires 12,800 parts- The aqueous solution is used as a reagent for distin- 
guishing barium from strontium (p. 436). According to ff. Rose, sulphate of strontium 
dissolves yery perceptibly in hydrochloric acid at ordinary temperatures. Water 
containing common salt dissolves it slowly but completely. Virek (Chem. Gentr. 
1862, p. 402) has determined the solubility of sulphate of strontium in certain suliuo 
solutions with the following results : — 


Quantity of suit In 
solution. 

Quantity of SrSO 1 
diisolved. 

Quantity of salt in 
solution. 

Quantity of 8rSO« 
dissolved. 

NaCl 22-17 

0-1811 

MgCi a 1363 

0*2119 

„ 1554 

0-2186 

f , 4-03 

0-2057 

„ 8*44 

0*1653 

„ 1*59 

0*1980 

KC1 18-08 

0-2513 

CaCl 2 33-70 

0*1706 

„ 12-64 

0*1933 

„ 16*51 

0*1853 

„ *22 

0*1925 

„ 8-67 

0*1756 


Sulphate of strontium melts to a vitreous mass at a strong red heat, and is reduced 
od charcoal before tho blowpipe to sulphide of strontium. With an equivalent 
quantity of sodic carbonate, it forms an easily fusible mass, which, on cooling, becomes 
opaque, and like mother-of-pearl. 

Sulphate of Tellurium, To‘ r (S0 4 ) 2 = TeO*.2SO*?- — When pulverised tellurium 
is triturated to a thin paste with strong sulphuric acid, and the mass gently heated, it 
assumes a fine purple-red colour, arising, according to Magnus, from the solution of the 
tellurium as such, and not in the oxidised state. The purple colour remains as long as 
there is any liquid left, whilst the undissolvod portion of the tellurium becomes oxi- 
dised at the expense of the sulphuric acid, and disappears as suon as all tho acid is 
decomposed, the whole boing then converted into a white mass. If this mass be gently 
heated till the excess of acid is just driven off, there remains a white, earthy, amorphous 
substance, which produces a sense of dryness on the tongue, and after a while a metallic 
taste. When heated it melts, gives off sulphuric anhydride, and leaves a yellow liquid, 
which solidifies on cooling to a transparent vitreous mass, consisting of a basic salt, 
which, when heated in an open crucible, gives oflTits sulphuric acid, and leaves opaque 
telluroua oxide. Sulphate of tellurium dissolves in warm hydrochloric or nitric acid, 
and crystallises therefrom in granules on cooling. Water decomposes it, dissolving 
out sulphuric acid with a small quantity of tellurium, and separating tellurous oxide 
(Magnus, Pogg. Ann. x. 491). See further Gmelin’s Handbook, iv. 406. ’ 

Sulphate of Terbium. 3Tb"S0 4 .8H 2 0, is lsoraorphous with sulphate of didymium 
(Delafontaine, Jahresb. 1864, p. 198; 18G. r >, p. 179). According to Mosander, it 
effloresces at 60° ; Delafontaine, however, only once observed an imperfectly crystallised 
specimen to effloresce completely at ordinary temperatures. (See Terbium.) 

Sulphates of Thallium. — a. Thallious sulphate, T1 2 S0 4 — Tl v O.SO s , is obtained 
by evaporating a solution of the chloride or nitrate with sulphuric acid (Lamy), or 
by heating metallic thallium with sulphuric acid (Crookes). It is soluble in 21*1 pts. 
of wuter at 16° and in 6*4 pta. at 100° (Crookes), and crystallises from the solution 
in anhydrous rhombic prisms, isomorphous with sulphate of potassium, and exhibiting 
tho combination ooPco . oor2 . ooP . ooPao . P ,P oo ; the crystals arc prismaticully 
elongated in the direction of tho principal axis, and tho faces ooPoo greatly predominate 
(v. Lang, Phil. Mag. [4] xxv. 348). In presenceof sulphate of ammonium, it separates 
in long striated crystals resembling sulphocyanate of potassium. (Crookes, Chem. 
News, viii: 243.) 

Thallious sulphate forms, with sulphate of aluminium, the salt, T1A1 W ( SO 1 )* 1 2 IPO, 
isomorphous with common alum (Lamy); and with the sulphates of magnesium, nickel, 
&c,, double salts cont. lining 6 at. water, and isomorphous with potassio-magnesic 
sulphate, &c. (G. Worth er, Bull. Soc. Chim. [2] ii. 272 ; Jahresb. 1864, p. 248).— 
The fttcfaf-tfi/l, TPNi"(SO* ) 2 . 6H*0, separates from a solution containing a slight excess 
of nickel-sulphate, iu green prisms, which are permanent in the air, give off their water 
at 120°, and decompose at a red heat. — The ferrous au^,Tl*Fe'\S0 4 )*.6H*0, obtained in 
like manner, is pale-green ; the zinc-salt, Tl*Zn"(S0 4 ) !i .6H*0, is colourless, and has a 
glassy lustre; the magnesium-salt, Tl*Mg r \S0 l ) 9 ,6H*0, resembles it, but is more 
soluble. 

fi. Thallic sulphate , Tl ? (SO l )*.7H s O«Tl*0 , .3SO*.7H t O, separates by evaporation 
from a solution of thallic oxide in dilute sulphuric acid, in thin colourless laminse, which 
are decomposed by water, even in the cold, with separation of brown thallic oxide. It 
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(Tires off 6 at. water at 220°, and is reduced at a stronger heat to tb&Ilious sulphate* 
(Strecker, Ann. Ch. Pharm. cxxxv. 207.) 

According to Will m (Ann. Ch. Phys. [4] ix. 6; Jahresb. 1865, p. 253), a solution of 
thallic oxide in moderately concentrated sulphuric acid, prepared with aid of heat, first 
deposits slender needles of the basic salt, T1*0\2S0\ 5 H 2 0 ; afterwards a thalloso* 
thallic sulphate, in transparent prismatic crystals, together with an amorphous pulveru- 
lent salt containing Tl*0 3 .2S0*.3H*0. A solution of thallious sulphate heated with 
baric or plumbic peroxide and sulphuric acid, then filtered and concentrated by evapo- 
ration, deposits crystals of anhydrous thallic sulphate, Tt-CP.SSO*. (Willm.) 

Potassio-thallic sulphate, T1-K 4 (S0 4 ) 4 = l fl ? (S0 4 ) , .2K a S0 4 , separates, on mixing a 
solution of the preceding suit with a strong solution of potussie sulphate, as a hard, 
colourless, crystalline crust, which is coloured brown on the surface by water, and is 
bnfc slightly soluble in dilute sulphuric acid. — Sodio-thallic sulphate, TL"Na(S0 4 )*, is 
formed in like manner, and separates in colourless needles. (St rocker.) 

Sulphate of Thorinum, Th 'SO 4 *» ThO.S0 3 .*— Obtained as a white powder 
by dissolving thorina in strong sulphuric acid and expilling the excess of acid by 
evaporation (Borzolius). Delafontaino (N. Arch. l J h. Nat. xviii. 313 ; Jahresb. 
1863, p. 197) prepares it by mixing finely pulverisod thorite or orangito with strong 
sulphuric acid to a semi-fluid piste (the mass becoming strongly heated, and part 
of the excess of acid volatilising), and heating the residue to 400° — 500°, as long as 
acid fumes are evolved ; then gradually introducing tho dry and cooled mass into cold 
water, with constant stirring, and heating tho filtered solution to 100°. Tho sulphate 
of thorinum then separates, and may bo purified by repeated solution in cold water 
and precipitation by neat. 

Sulphate of thorinum thus obtained is a heavy white curdy precipitate, made up of 
interlaced needles, and consisting, according to Dolafontuine, of 4TirS0 4 .9lI*0. By 
slow evaporation of an aqueous solution at ordinary temporaturos (10° — 15°), a salt 
separates containing double this amount of water, viz. 2Th , 'SO , .9R a O (Dolafon- 
taino, Chydcnius, Pogg. Ann. cxix.48; Jahrosb. 1863, p. 196). Berzelius, by 
spontaneous evaporation of a solution containing a little froe sulphuric acid, obtained a 
hydrate containing 5 at. water, 3 at. of which were given off at a somewhat, higher tom- 
jtoruture, leaving the salt Th"S0 4 .2H*0, which also separated from the solution on 
evaporation at higher temperatures. These two hydrates were probably the same as 
those above mentioned, containing and 2} at. water. 

The hydrate, 2Th''S0 , .9H'-0, crystallises, according to Chydcnius, in translucent, 
efflorescent, monoclinic prisms, exhibiting thecombination ooP. [Poo ] . ooPoo . [ coPao ]. 
oP. Axes, a \b : c = 1 : 0-5981 : 0 6584. Anglo h : c «= 81° 50' ; ooP. ooP (clinod.) 
= 118° 60' ; [Poo ] : [Poo ] (over the pole) «• 149° 25\ Dcbifontaiiio, by leaving the 
salt precipitated from a hot solution, in contact with a quantity of water not sufficient 
to dissolve it, obtainod six or eight-sided, pointed, monoclinic crystals, the composition of 
which is not stated, but which, according to Marigniic’s determinations, exhibit the 
same faces os those just described, with addition of [0P»] and [8Poo ] and nearly 
tho same value of the angle ooP : ooP, viz, 1 19 u 0' ; also oF s ooP® « 1)8° 20' ; ooP : 
oP - 97° 6' ; [Poo ] : oP - 124° 28' ; [f>Pce ] : oP - 96° 27' ; LBPoo ] : oP - 94° 51'. 
Hence they were probably also 2Th”S0'.9H 2 0. 

A slightly acidulated aqueous solution of sulphate of thorinum yields, when boiled, 
a flocculent precipitate which rcdissolves on cooling, and contains 2Th r B0 4 .3H a 0, or 
from somewhat dilute solutions, 2ThS0 4 .H a 0. Tho solution, ova porn ted at 25°, yields 
without formation of crystals, a white saline muss consisting of Th"»S0 4 .H a O. The 
4^-hvdrated Balt gives up half its water at 100°, and the rest at a stronger heat (at 400° 
to 450°, according to Delafontaino). The anhydrous salt hisses when dissolved in 
water (Chyden ius). The salt is insoluble in alcohol, and gives off all its acid at a 
red heat (Berzelius).— A basic salt is obtained on adding ammonia to the solution of 
the neutral salt as long as any precipitate is formed. 

Potassio-thorinio sulphate, Th"K s (S0 4 )*.H*0 -■ Th'*S0 l .K , SO 4 .H a O, separates, 

according to Berzelius, as a crystalline powder, when a crust of potassic sulphuto is 
suspended in a solution of thorinie sulphate. It is easily soluble in water, insoluble in 
alcohol and in sulphate of potassium. From a boiling aqueous solution, it crystallises 
on cooling in rectangular prisms, which give off their water at a gentle heat, but with- 
out disintegrating (Berzelius). According to Chydcnius, the salt, Th'TI^SO^MI'O, 
separates in slender crystals when solid sulphate of potassium is immersed in a solu- 
tion of thorinie sulphate at 60° — 70°. 

Sutptatea of Tin . — Stannic sulphate , Sn ,T (SO*)* «■ Sa^O 3 2SO*, is formed by 
dissolving stannic hydrate in sulphuric acid, or by heating tin with excess of the acid. 
It forme an acid uncry stallisable syrup. 

• Tb * m*». 
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xJStanftous sulphate, Bn” SO 4 ■» Sri^ChSO*, is obtained, by heating an excess of tin 
#h concentrated or slightly^ i luted sulphuric acid, as a saline mass, which dissolves 
with brown colour in boiling’ water, and separates in needle-shaped crystals on cool- 
ing ; also in nacreous laminar crystals, by dissolving stannous hydrate in warm dilute 
sulphuric acid ; and as a crystalline precipitate, by adding sulphuric acid to a concen- 
trated solution of stannous chloride. The anhydrous salt is obtained by distilling 
stannous sulphide with mercuric oxide. It bears a red heat without decomposition, 
whereas the hydrated salt when ignited loaves a residue of stannic oxide. Stannous 
sulphate dissolves very easily ih water, but the solution, aftor some time, deposits a 
white basic salt. 

Potassio-stannous sulphate separates, on mixing a solution of stannous sulphate with 

sulphate of potassium in fino silky needles, containing Sn‘ 2 K 2 (SO*)* > or Sn'K^SO 1 ) 2 
(Marignac). A mixture of hot concentrated solutions of stannous chloride and 
sulphate of potassium, deposits the compound 4Sn"K 2 (S0 4 ) 2 .Sn"Cl 2 l in small, 
shining, hexagonal crystals, which may be recrystallised without decomposition. 
(Marignac.) 

Sulphates of Titanium,— -Titanic sulphate, Ti ,T (S0‘) 2 = TiK) 2 . 2SO*, is pre- 
pared hy digesting finely pulverised titanic oxide with sulphuric acid diluted with half 
its weight of water till all the water is driven off. On expelling the excess of acid by 
a stronger heat, titanic sulphate remains as a saline mass, which dissolves completely 
in lukewarm water; the diluted solution, however, deposits titanic oxide when boiled 
(H. Rose). From a solution of acid potassic ti Innate in hydrochloric acid, sulphuric 
acid throws down a compound consisting of 9TiO*.SO , .9lI*U (H. Rost 1 ),- Potass io- 
titanic sulphate, Ti ,ir K^ SO 4 ) a , is obtained, according to Warron (Jahresb. l& r >7, p. 
175), in small sparingly soluble crystals, by fusing titanic oxide with acid sulphate 
of potassium, digesting the resultiDgyitreoua mass with strong sulphuric acid, expelling 
the greator part of the latter by a gentle heat, and dissolving out tho excess of acid 
potassic sulphate with water. 

Titanous sulphate , Ti*O s .3SO*, according to Ebolmen, is formed by dissolving tri- 
chloride of titanium in sulphuric acid, and separates on evaporating the solution in a 
vacuum over lime, in violet, deliquescent, crystalline masses. Its solution, when boiled, 
deposits titanic oxide. 

Sulphate of Tungsten separates, on dropping a solution of alkaline tungstate 
into dilute sulphuric OAiid, as a heavy white precipitate, soluble in pur© water. 

Sulphates of THranlum. — Uranic sulphate, U 2 O a .SO\ or Sulphate of Uranyl ’, 
(IJ*O :l )"S0 4 , is obtained by dissolving umnoso-uranic oxide in strong sulphuric acid, 
diluting tbe solution with water, and oxidising with nitric acid ; also by decomposing 
a solution of uranic nitrate with sulphuric acid, expelling the excess of acid by heat, 
dissolving the residue in water, evaporating the solution to a syrup, and leaving it to 
crystallise. It forms small lemon-yellow prisms containing 3 at. water (Berzelius ; 
P61 igot) ; at. (Ebclmon), According to Berzelius, the salts ITH)».2SO* and 
U 2 O a . 3SO*, are obtained by dissolving the monosulphatc in sulphuric acid ; hut P^ligot 
denies their existence (see Uuanium). — Uranic sulphates of various composition, 
called uranium-ochre and uranium-vitriol , arc found in small flattoned monoclinic 
crystals, of a bright emerald-green colour, near Joachimsthal in Bohemia, also at 
Johanngeorgenstadt.. (Rammelsberg’s Mineralchnnie, p. 279.) 

Potassio-uranic sulphate, (U z 0 2 ) w K z (S0 4 ) a .2H'0, forms lemon-yellow crystalline* 
crusts, very soluble in water, and becoming anhydrous at 100°. — A mm onto- uranic 
sulphate, of similar composition, forms sparingly soluble, lemon-yellow prisms. Thero 
ia al ho a cryst al li no sodio-u ran ic sulphate . — Basic cupro-uranic sulphates, c aUed uranium- 
green, are found at Joachimsthal. (^Rammelsberg's Mineraichemie , p. 295.) 

Uranous sulphate, TJ’SO 4 =* TU0.SO 1 , may be prepared by dissolving uranoso- 
uranicoxide in hot oil of vitriol, diluting with water, and evaporating in a vacuum ; or 
by dissolving hydrated uranous oxide in dilute sulphuric acid ; or by decomposing a 
concentrated solution of uranous chloride with sulphuric acid. It crystallises with 2 and 
with 4 at. water. — A dibasic uranous sulphate, U"S0 4 .U"O.3H*0, is obtained by treating 
tho normal salt with a large quantity of water; by exposing the alcoholic solution of 
that salt to the sun’s rays ; by careful addition of ammonia to its aqueous solution ; 
and by boiling that solution with green uranoso-uranic oxide. It forms a light-green 
powder having a silky lustre. 

Ammtmio-wranous sulphate, U'(NH 4 )\SO*) 9 , forms easily soluble, dark-green, warty 
groups of crystals ; its solution, when heated, deposits a basic sulphate. 

Potassio-uranic sulphate, C T7 K , (S0 , ) , .n ? 0, forms green, slightly soluble saline 
crusts. 
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Uranosthvranic sulphate, obtained by dissolving urano8o-ur£Mg$c 

oxide in warm oil of vitriol, Ana evaporating the excess of acid by heat, forms a light- 
green, soluble mass, which at a red heat gives off sulphurous anhydride, and is con- 
verted into uranic sulphite (Eh el men, Ann. Ch. Phys, v. 189). On tho sulphates of 
uranium, see further Gmelin’s Handbook , iv. 174.) 

Bnlpbate* of Vanadium. Vanadic sulphate , V^SO 4 )* « V*O a .3SO a , is pro- 
duced by dissolving vanadic oxide in hot sulphuric acid diluted with half its weight of 
water, and evaporating tho excess of acid at as low d temperature as possible. It 
forms small red-brown crystalline scales, quickly deliquescing to a rusty-brown syrup, 
which is not rendered turbid either by water or by alcohol. The aqueous solution 
becomes turbid on boiling, and tho liquid separated from the precipitate contains an 
acid salt t which dries up to a red syrup. A baste salt , V s O*.2SO\ formed by dissolv- 
ing neutral vanadious sulphate in nitric acid, forms a red, deliquescent, soluble, salino 
mass (Berzelius). Potassio-vanadic sulphate , V''’K(SO*) 3 , separates from a solution 
of potassic vanadate mixed with a little sulphuric acid, and left to evaporate, in yellow 
grains, composed of microscopic crystals. It is slightly solublo in water, insoluble in 
alcohol. (Berzelius.) 

Vanadious stdphate,\" SO 1 ■= V"O.SO a , is prepared by dissolving the di- or tri- 
oxide of vanadium, obtained by igniting vanadate of ammonium, in sulphuric acid, 
and passing sulphurous acid gas through the solution, or heating it with oxalic acid, to 
complete the reduction of the vanadic tri-oxide. The solution, when evaporated, 
yields sky-blue crystals, probably consisting of an acid vanadious sulphate, which, 
when purified by washing with absolute alcohol, gradually swells up, and is converted 
into a loose sky-bluo powder, consisting of tho ncutrul salt. ThiH salt, after being 
washed with alcohol, and dried over oil of vitriol, may bo obtained in the crystalline 
form by allowing it to deliquesce, nnd then leaving it for some time in a dry atmo- 
sphere. It usually crystallises in groups of prisms, but sometimes in separate, short, 
rhombic prisms, having a fino blue colour, and consisting of V'TSOVilPO. It dis- 
solves very slowly in cold water, and when ignited, leaves vanadic tri-oxide (Berze- 
lius). A basic salt is prtxluced, according to Berzelius, by digesting a strong solution 
of tho neutral sulphate with vanadious hydrate. It dries up to a blue transparent 
mass, which gives off water And turns brown at 100°. Potassio- vanadious sulphate, 
V*K' ,! (iSO l ) a , is a light blue gummy mass. (See Vanadium, p. 984.) 

BulpUatea of Yttrium. The neutral sulphate , Y"S0\ crystallises very easily 
in small four- or six-sided, colourless, or faintly rose-cob mrad prisms, which do not 
effloresce, but remain transparent, even at 80°, but at higher temperatures give off 
water and become milk-white \ they dissolve very slowly in water (Jfte rzoli us). A 
solution of yttria in sulphuric acid saturated in tho cold, becomes turbid at 30° — 40°, 
from separation of the sulphate, aud at, the- boiling heat tbo whole is precipitated as a 
crystalline powder, containing 2 Y"S0 4 .6H l! 0 ; it has a faint reddish-colour, which it 
loses at 180 J , together with its water of crystallisation. The anhydrous salt dissolves 
easily in cold water (Popp, Ann. Ch. Pharm. cxxxi. 179; Juhresb. 1864, p. 203). 
By evaporation over oil of vitriol at 6° — 10°, crystalline crusts are obtained, consisting 
of 3Y"S0 4 .8I1*0, isomorphous with the corresponding hydrated sulphates of cadmium 
and didymium (Popp; I)elafontai ne, Juhresb. 1864, p. 198.) The anhydrous salt 
gives off £ of its sulphuric anhydride at a red heat, leaving tho tn basic salt 3 YO.SO* «■* 
Y"SOV2 YO ; and by very strong and prolonged ignition, the whole of the sulphuric 
anhydride may be expelled, leaving pure yttria. The basic salt is likewise obtained 
by precipitating the neutral salt with ammonia. (Bcrzeli us.) 

Potassio-yttric sulphate, Y"K*(SO a )* t is obtained, by evaporation of the solution of 
its component salts, as white crystalline crust (Berzelius) ; or by covering the solution 
with a layer of alcohol, in crystals, which, on exposure to the air, giro off alxmt 6 per 
cent, of water (Popp). The salt dissolves in 16 pts. of cold water, and in 1U pte. of a 
solution of potassic sulphate (Berzelius). The aqueous solution saturated in the 
cold, deposits sulphate of yttrium when heated. (Popp.) 

Sulphate of yttrium may be combined by fusion with sulphate of sodinm, but doe* 
not unito with sulphate of magnesium. (Popp.) 

Sulphates of Zinc. The normal or netUral sulphate , Zn"SO # , also called white 
vitriol or zinc-vitriol, is produced by dissolving oxide or carbonate of zinc in dilute 
sulphuric acid ; and on the large scale, by roasting the native sulphide, lixiviating with 
water, and concentrating the solution by addition of fresh roasted ore. It separate* 
from solution at ordinary temperatures, in right rhombic prisms, containing Zn"SO‘. 
7H*0, isomorphous with sulphate of magnexiuro, and exhibiting the combinations 
ooP . p. (fig, 264, ii. 147), and P . Poo . ooP . oePoo ; also the hemihedral form 

+ ? . — — . oo P . oof co. (fig. 282, ii. 148). The crystals hare a rough metallic 
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t#Bte, sod effloresce slightly in dry air. Like the other heptahydrated magnesian sul- 
phates, they give off 6 at. water at about 100°, but the seventh only at a higher tem- 
perature (about 260°) ; indeed it is difficult to obtain the salt perfectly anhydrous 
without loss of acid. At a bright red heat, the anhydrous salt is completely decom- 
posed , leaving pure oxide of zinc. 

The heptahydrated crystals dissolve in about 2| pts. of cold, and in somewhat less 
than their own weight of boiling water ; the solution has an acid reaction. According 
to Poggiale, 100 pts. of water dissolve at different temperat ures the following quantities 
of zinc-sulphate : — 


mperature. 

10 ° 


Crvstftllfsed 
ZnSO«.7H*0. 
13821 . 


Anhydrous 

ZnSO*. 

48*36 

20 ° 


. 161*60 . 


63*10 

30 ° 


19100 . 


68*60 

60 ° 


263*80 . 


68*76. 

100° 


653*60 . 


95*60 


The salt is insoluble in absolute alcohol. According toSchroder (Ann. Ch. Pharm. 
six. 46), a supersaturated solution of zinc- vitriol contained in a glass tube, closed by a 
plug of cotton-wool, deposits a modification of the heptahydrated salt more soluble 
than the ordinary salt. The supernatant liquid still remains supersaturated) and, in 
contact with the air, yields crystals of the ordinary salt) together with crystals of the 
more soluble modification. 

A solution of zinc-sulphate left to crystallise at 30°, yields monoclinic hexhydrated 
crystals, Zn"SO*.6H*0, isomorphous with the corresponding magnesium- and nickel- 
salts. The same hydrate is obtained by heating the ordinary crystals to 52°. A 
pentahydrated salt , Zn"S0 4 .5H a 0, is obtained, according to Kuhn, by boiling the pul- 
verised heptahydrated salt with alcohol of specific gravity 0*866. It also crystallises, 
according to Pierre and Schindler, from solution betwoen 35° and 50°. A granular 
dihydrate , Zn"SO*.2H a O, is obtained by boiling the finely pulverised heptahydrate with 
absolute alcohol ; it also separates on adding strong sulphuric acid to a concentrated 
solution of zinc-sulphate (Kuhn). The monohydrate , Zn"80 4 .H 2 0, remains when 
the heptahydrated salt is dried in the air at 100°, or in a vacuum over oil of vitriol 
at 20° (Schindler, Graham); it also separates in crystalline grains during the 
cooling of a boiling saturated solution of zinc-sulphate (Graham). It retains its 
water at 206°, but gives it up at 238°. (Graham.) 

Sulphate of zinc is chiefly used in calico-printing. It also serves as an addition to 
oils in the manufacture of varnishes ; for the preparation of many other zinc-compounds, 
as of zinc-white ; and in medicine for tho composition of eye-washes, &c. 

Basic Zinc-sulphates. — The dibasic salt, 2ZnO.SO* «= Zn"S0 4 .Zn"0, is pro- 
duced by digesting a strong solution of zinc-vitriol with oxide or hydrate of zinc as 
long as anything is dissolved : it does not crystfillise (Schindler). — The tetrabasic 
salt, 4Zn"O.SO* »= Zn"S0 4 .3Zn M 0, crystallises from a solution of the preceding by 
spontaneous evaporation in long flexible needles, containing 10 at. water (Schindler). 
The same salt is precipitated on adding a small quantity of potash to the solution of 
the neutral sulphate, as a white bulky powder insoluble in cold water, and separates 
from a boiling aqueous solution on cooling, in small unctuous crystals, which, according 
to Kane, contain 2 at. water. It is also formed by heating tho neutral sulphate till it 
is partially decomposed, and boiling the residue with water, or by boiling a solution 
of the neutral sulphate with zinc-oxide or metallic zinc ; in that case also the solu- 
tion, on cooling, deposits the dihydrated compound Zn 7 S0 4 .3Zn"0.2H*0. (Kuhn, 
Schindler.) 

The hcxbasic salt, 0Zn"O.8OM 0H 9 O ■■ Zn"SO 4 .6Zn"O.10H 2 O, is obtained, according 
to Kane, as a white powder, by treating Bulphate of zinc-ammonium with water. — Tho 
octobasio salt , 8Zn"O.S0 9 .2IFO •* Zn'S0 4 .7Zu"0.2H 2 0, is precipitated in white bulky 
flocks on diluting a solution of the dibasic salt with a laige quantity of water. The 
precipitates formed by caustic potash in a solution of zinc-vitriol, are basic salts, 
varying in composition according to the quantity of alkali used. 

All these basic zinc-sulphates, when heated nearly to redness, give off their chemi- 
cally combined water, without change of appearance ; but at a bright red heat, they are 
decomposed in such a manner that water afterwards extracts from them the neutral 
salt, leaving zinc-oxide. 

Ammoniacal Sulphates of Zinc. — There ore several of these compounds, 
varying in composition according to the quantity bf ammonia added to the sulphate of 
sine. When ammonia-gas is passed into a not saturated solution of neutral zinc-sulphate 
till the precipitate at first formed is redissolved, sulphate of tine-ammonium, 
Zn"S0 4 .2KH*.H*Q - {N 2 H*Zn)"S0 4 .H*0 t separates on cooling in fine semi-crystalline 
starch-like granules. The water may be expelled by*prol6nged fusion. If the ammo- 
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Tixaeal solution just mentioned be left to evaporate at ordinary temperatures, it yields 
crystals of N the compound Zn”SO\4NH*.4H f O or [N* K\NH«)*Znf S0 4 .4H*0, which 
give off 2 at. water in drying, and quickly effloresce. Above 27 J they give off another 
atom of water, leaving tho compound Zn # *SO*.4NH ,, .H a O ; and this when carefully melted 
yields a gummy muss of zinoanimonium -sulpha to, Zn' , S0'.2NH !, .H 1 0, and ultimately 
th* same compound in the anhydrous state (Kane). The compound, ZufSO*.5NlI 8 , is 
produced by the action of dry ammonia-gas on zinc sulphate, and forms a whito pow- 
der which is dissolved by water with partial separation of zinc-oxide (II. Hose). — 
When zinc-sulphatc supersaturated while hot with ammonia, is boiled till the odour 
of free ammonia is no longer perceptible, a precipitate is formed, consisting of 
(4ZnO.SO s ).4NlP.4H*0, (Schindler.) 

Double Salts. — Ammonio-sincic sulphate, Zn(NII 4 ) 2 (S0 4 ) , .6Il 2 0, and the corre- 
sponding potassium-sat t, are isomorphous with the corresponding magnesium-salts. 

Sodio-zincic sulphate, Zu''Na*(S() 4 ) a .4H v O, is produced, according to Graham, by 
mixing the concentrated solutions of zinc-sulphate and acid sodic sulphate, and evapora- 
ting to the crystallising point. It is very deliquescent. 

Maynesio-zincic sulphate, Zn' , Mg"(»^0 4 ) a .14H 2 0, crystallises, according to Pierre, at 
ordinary temperatures, in fine rhombic prisms; it retains 2 at. water at 200°. The 
salt crystallised above 35° contains only 10 at. water. 

Zirwo-aluminic sulphate or zinc -alum is analogous in composition to common alum. 
(Kane.) 

Sulphate* of Zirconium* — Tho neutral or normal sulphate, Zr lT (S0 4 )* =» 
Zr^OViSO*, is obtained by dissolving oxide or hydrate of zirconium, free from potash, 
in an excess of sulphuric acid ; evaporating the solution to dryness; and heating tho 
residue for a quarter of an hour to a temperature just below redness. The salt loses 
the whole of its acid at a full red heat. A noutral solution of tho salt yields on evapo- 
ration, a gummy mass, which, when further dried, becomes white and full of fissures. 
If, however, the solution contains free acid, hydrated crystals are obtained, which may 
be freed from adhering acid by means of alcohol. The crystals fuse when heated, 
giving off their water, and swelling up like alum. 

Tho anhydrous salt dissolves very slowly but completely in cold, and rapidly in hot 
water. Ammonia added in excess to the solution, precipitates pure zirconia free from 
sulphuric acid. Alcohol throws down a mixture of the normal and tribasic sulphates, 
which, after being washed for a considerable time with alcohol, is entirely converted 
into the tribasic sulphate. (Berzol i u s.) 

The ili basic sulphate , Zr^CP.SO* - Zr |T (S0 4 ) z .Zn Ir 0 SP , is formed by, saturating a 
concentrated solution of the normal salt with hydrate of zirconium. On evaporating 
the liquid, a mass of salt is obtained which is gummy and fissured at first, but when 
further dried becomes white and opaque. The salt, w hen heated, swells up like alum, 
and parts with its water, but a white heat is required to expo! the acid. It dis- 
solves in a very small quantity of wator. By a larger addition of water, the solution 
is resolved into the tribasic salt, which is precipitated, and tho normal salt, which 
remains in solution. (Berzelius.) 

The tribasic sulphate, 3ZrO*.2SO* = Zr(S0 4 ) 2 2ZrO J , is obtained by precipitating 
the normal salt with alcohol, and washing tho precipitate first with alcohol and then 
with watt r; or by diluting a solution of the dibasic salt, with a largo quant ity of water. 
It forms white flakes, insolublo in water, but soluble in hydrochloric acid, (Berze- 
lius.) 

A hexbasic salt , 3ZrO a .SO* = ZnfSO^AZnO 1 , is produced by saturating a solution 
of a zirconium-salt at the boiling beat with sulphate of potassium, or by mixing tho 
zirconium-solution with a hot saturated solution of sulphate of potassium. It separates 
as a white precipitate, and by saturating the supernatant liquid wijh carbonate of 

r otassium, tho whole of the zirconium may be brought into tho precipitate (Be rze- 
ius, Hermann). According to Berzelius, the precipitate always contains small 
quantities of potash, probably chemically combined, inasmuch as it is produced only by 
sulphate of potassium, and not by sulphate of sodium. It is insoluble in a solution of 
potassic sulphate, but dissolves partially in pure water, and the water with which it is 
w-ashed becomes turbid (Berzelius). Sulphate of ammonium reacts with zirconium- 
Balt a in the same manner as sulphate of potassium. (Berzelius.) 

Zirconia fused with acid sulphate of potassium forms a double salt, which, in the 
fused state, is perfectly transparent Water dissolves only the potassium- suit, leaving 
the sparingly soluble zirconium-saltjust mentioned (Berzelius). Warren (Togg. 
Ann. cii. 449; Jahresb. 1857, p. 158), by precipitating a solution of neutral zir conic 
sulphate with neutral and acid sulphate of potassium, has obtained some double salts 
of cortplicoted and very doubtful composition. 



Alcoeolic Sulpeatbs. Svlpbvbjo Stress. * r - 
Alcohols tmted with strong sulphuric acid, yield acid sulphuric ethers represent*) 
by the general formula, ^SO 4 : 

h [° + h | so< “ s ’° + h( s ° 4 - 

Alcohol. Sulphuilc acid. Acid ether. 

There are also a few neutral sulphuric ethers represented by the formula ; 

they are formed, not by the action of sulphuric acid upon alcohols, but of sulphuric 
anhydride upon neutral ethers (alcoholic oxides). 

nm«v> ( so *y) 

■fljlyl-sulplmrtc Acid, C s H a SO* = ^ j j [SO 4 = jo* (Cahours and 

Hofmann, Chom. Soc. Qu. J. x. 316). — When allylic alcohol is added by drops to 
about an equal volume of strong sulphuric acid, the mixture becomes heated without 
blackening : and in adding seven or eight times tho volume of water, and neutralising 
with carbonate of barium, tho liquid yields, by evaporation, white shining crystals of 
baric allyl -sulphate (C*H ft ) 2 Iia"(SO , ) fl . 

Aznyleulplrarlc acid, (C s H n )HS0 4 . Sulphamylic acid. (Cahours, Ann. Ch. 
Phys. [2], Jxx. 86. — Kekul£, Ann. Ch. Pharm. lxxv. 276.)— A mixture of equal parts 
of amylic alcohol and oil of vitriol, after standing for some time, till water no longer 
separates amylic alcohol from it, is diluted with water; the resulting crude amyl- 
sulphuric acid is saturated with enrbonato of barium ; the solution filtered from tho 
sulphate of barium is evaporated ; and the crystals of amylsulphato of barium obtained 
after cooling are freed from the mother-liquor upon filter-p.aper ; and purified by 
shaking up their aqueous solution with animal charcoal, and twice crystallising by spon- 
taneous evaporation. Tho solution of these crystals, precipitated by the proper quantity 
of sulphuric acid, then filtered and evaporated, yields the pure acid. (Cahours). 
KekuItS prefers preparing the lead-salt and decomposing it with sulphuretted hydrogen, 
after which he carefully evaporates the colourless filtrate to a thin syrup. 

,-v Amyl-sulphuric acid is a colourless, thin syrup which sometimes deposits slender 
needles by spontaneous evaporation. (Kekul6 did not obtain any crystals.) It tastes 
acid and bitter (sharply acid, according to KekuU), and reddens litmus strongly. 
(Cahours.) It dissolves readily in water and in alcohol. 

The concentrated Aqueous acid decomposes spontaneously into amyl-alcohol and sul- 
phuric acid, slowly in the cold and in a vacuum or when exposed to tho air ; quickly on 
boiling; the more quickly as it is more concentrated. It is decomposed by chlorine in 
the cold, and" by- nitric acid when heated. 

The amylsulphatea or Bulphamylates (C s n n )MSO*, and (C s II n )*M'J(S0 4 )*, 
are generally crystallisable, have a bitter taste and are soapy to tho toueh. The 
crystals generally contain water, and in that case are often efflorescent. When their 
aqueous solution is boiled, they are resolved into sulphate, free sulphuric acid and 
amylic alcohol. This decomposition tAkee place slowly at ordinary temporatnres, even 
in the crystallised salts ; nevertheless, these crystallised salts may generally bo 
dehydrated at 100° before decomposition begins. All amylsulphates dissolve in 
water and in alcohol, very sparingly in ether. Most of them in the crystalline state 
or in aquoous solution are decomposed by prolonged contact with the air, giving 
off amylic alcohol and leaving a metallic sulphate; the decomposition's accelerated 
by. heat. By dry distillation they leave metallic sulphate mixed with charcoal, and 
give off a combustible gas together with carbonic and sulphurous anhydrides, and an * 
oil containing araylene, other hydrocarbons polymoric therewith, amylic ether 
(C ft H n )*0, and probably also amylic sulphate (CMI'^-SO 4 ; at all events, the distilled 
product contains sulphur. 

Amylsulphate of Aluminium forms a gelatinous mass, soluble in water, alcohol, and 
other) very deliquescent, and easily decomposible. 

Amylstdphatc of Ammonium . — The filtrate obtained by precipitating the calcium- 
salt with carbonate of ammonia, yields by spontaneous evaporation, colourless, bitter 
crystalline scales, and by evaporation over the water-bath m nodular crystalline mass. 
The crystals give off nothing at 100®, begin to decompose at 140°, and burn away, 
leaving a residue of charcoal. They deliquesce slightly in damp air, and dissolve very 
readily in water, on which they move briskly about; they are less soluble in 
alcohol, and insoluble in ether. * * 

The barium-salt (C*H ll )*Ba"(S0 4 )* 2H*0, prepared asabove, crystallises by spon- 
taneous evaporation, in large very flexible rhombic Wbke.«-The crystals effloresce in 
dry air and give off 6*66 per cent, ( 1 at ) water in They* begin to decompose 

at 96°, melting at tho same time, if they have not been previo u sly dried. They give 
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off an oil somewhat above 300°, and leave sulphate of barium mixed with charcoal 
Their aque^s solution is resolved by longer boiling, into amylic alcohol, sulphuric 
arid, and snlphate of barium. They dissolve very readily in water, mere readily in 
warm than in cold alcohol, but. are insoluble in ether. 

The calcium-salt, ( C*H* 1 )*Cu"( SO 4 ) a . 2H*0 , obtained by saturating amyl-sulphuric 
acid with chalk, forms mammellated crystals, soft to the touch, very soluble in water, 
especially in hot water, soluble in alcohol, insoluble in ether. It has a bitter and 
pungent taste. An aqueous solution, saturated and limpid at ordinary temperatures, 
becomes turbid at the boiling heat. The crystals effloresce in dry air, give off the 
whole of their water (8-55 per cent.) in a vacuum, and are gradually decomposed by . 
contact with the air. The salt, heated to 250° in a seailed tube with alcoholic 
ammonia, yields sulphate of calcium and sulphate of amy Limine. (Bertholot, Compt. 
rend, xxxvi. 1098.) 

The cobalt-salt is obtained, by precipitating tho barium-salt with sulphate of cobalt, 
and evaporating the filtrate, in rose-coloured laminae, vory soluble in water. 

Cupric salt, (C a H n ) :! Cu"(S0 4 )*.2H 2 0, — The blue solution of carbonate of copper in 
tho acid yields, when left, oyer oil of vitriol, large elongated tables which are permanent 
in the air, dissolve readily in water and weak alcohol, less readily in absolute alcohol, 
and are insoluble in ether. 

The ferric salt , obtained by dissolving ferric hydrate in the aqueous acid, forms 
small, yellow, easily decomposible, deliquescent, crystalline granules. — The ferrous salt 
is produced by dissolving metallic iron in the aqueous acid. The pale green, sweetish- 
bitter solution reddens litmus, ami when evaporated, deposits brown flakes of forric 
oxide, together with pale green crystalline grains of tho ferrous Halt. These crystals 
quickly turn yellow on exposure to the air, dissolve in water and alcohol, anil with 
green colour iti ether. 

The lead-salt , (CPH^Pb'XSO 4 )* H f O, obtained by saturating the acid with carbonate 
of lead, forms mammellated groups of small hitninEc, very soluble in water, acid to test- 
paper, solublo in alcohol, insoluble in other, and having a bitter-sweet taste. Tho 
solution decomposes slowly in contact, with the air, rapidly at tho boiling heat. 

The magnesium-salt, (C A H ,, )*Mg'\S0 4 ) , .4H a O l is obtained by spontaneous evapora- 
tion in elongated rhomboidiil laminse, which, havo a fino nacreous lustre, and are 
with difficulty deprived of tho whole of th^ir water of crystallisation. 

The manganese-salt , (C*H ,I ) 2 Mn"(S0 4 ) 2 .4H a 0 J forms nearly colourless crystals, per- > 
manent in tho air; tho solution, howevor, gradually decomposes. 

Mercuric salt. — The yellow solution of mercuric oxide in amylsulphnric acid yields, 
by evaporation in a vacuum, dark yellow crystalline nodules, soapy and glutinous to 
the touch, having an extremely sharp and bitter tosto ; they contain 2 at. water, 
decompose after keeping for some time, and deliquesce in damp air. 

The nickel-salt , (C*H ,, )*Nr(S0 4 )*.2H*O p crystallises by evaporation in a vacuum, in 
nodules of green, elongated laminfle, which deliquesce in moist air. 

Tho potassium-salt, (C i II n )K80 4 , separates from its solution by spontaneous evapo- 
ration m colourless tufts of needles, having a vory bitter taste, or in nodules composed 
of needles having a silky lustre. These crystals effloresce on exposure to the air, and 
turn slightly brown, giving off amylic alcohol and sulphuric acid. In a vacuum or at 
100°, they give off 8*69 per cent. (1 at.) of water, without further decomposition, swell 
Up strongly at 170°, then melt, and leave a black scum. The suit dissolves readily in 
water ana in weak alcohol, less readily in strong alcohol, from the hot solution in 
which it crystallises in slender needles, and is insoluble in ether. 

Silver-salt, (OH'^AgSO 4 . — The solution of enrbonate of silver in tho slightly boated 
acid yields, by evaporation, colourless lamina?, which dissolve very easily in water, 
blacken on exposure to tho air, and dissolve in alcohol but not in ether. 

The sodium-salt , (C s H n )NaS0 4 , is obtained by precipitating the calcium-salt with 
carbonate of sodium, and spontaneous evaporation of the filtrate, in nodules set with 
small crystals. These swell up at 35° [I3/>?] softening, and giving off water, and 
begin, to undergo further decomposition at 145°. They dissolve abundantly in cold 
water, and ip all proportions in hot water; from hot alcohol they crystallise in long 
radiated laminae; they do not dissolve in ether. 

The strontium-salt, (C‘H ,, ) a Sr*(S0*)*.2H*0, forms white crystallised nodules, which 
turn brown in the air, leave 39*82 per cent, sulphate of strontium when ignited, 
dissolve readily in water ana weak alcohol, with difficulty in absoluto alcohol, and not 
at all in ether. 

The zinc-salt, (C*H 1l )*Zn"(SO*)’.2H*0, forms nacreous scales grouped in nodules, 
soluble in water and in alcohol, aa4 decomposing at 1 10°. 

Satyl-sut^borSe adit ^ See TgTnn> sui, P HUKi c aero. 

raprjl islplmrlo naHU ^See OcTO>stTU*Htrmc aero. 

Cetyl-wulplmrt# afce44* (C**H M )H80 *. — Bulphoctic acid ; (Dumas andPlligot, 
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Ann. Ch. Phys. [2] lxii. 4. — Kohler, Jahresb. 1850, p. 579.-— Hein tz f Bogg. Ann 
cii. 257; Jahresb. 1857, p. 445.) — Tho potassium-salt of jthis acid is produced by 
mixing ethalwith strong sulphuric acid, at the temperature of the water-bath ; dissolving 
the mass in alcohol; saturating with alcoholic potash ; separating the liquid from the 
deposited sulphate of potassium ; concentrating it ; digesting the cetyl-sulphate of 
potassium, which separates with alcohol, to free it from excess of ethal; and purifying 
it by repeated crystallisation from boiling alcohol. , 

Cetyl-sulphate of potassium, (C ,fl H 3S )KSO\ crystallises in soft nacreous laminae* 
composed of interlaced needles ; it is moderately soluble in hot alcohol, less- soluble 
in boiling water, insoluble in ether, not fusible. Heated with cyanide of potassium, 
it yields cyanide of cetyl (i. 840). # 

Bthyl-sulptmrio add. (C a H*)HS0 4 . SuJphethylic acid. Sulphovinic acid. 
(Dab it, Ann. Chem. xxxiv. 300 ; xliii. 101. — Sc r turner, Gilb. Ann. lx. 53 ; lxiv. 
6,7. — A. Vogel, ibid, lxiii. 81. — Gay-Lussac, Ann. Ck. Phys. [2], xiii. 76. — 
Henn ell, Phil. Trans. 1826, p. 240; 1828, p. 3C5. — Dumas and Boullay, Ann. 
Ch. Phys. xxxvi. 300. — SoruUas, ibid, xxxix. 153. — Liebig and Wohler, Ann, 
Ch. Pharm. i. 37. — Liebig, ibid . xiii. 27. — Ma gnus, ibid. vi. 52. — Marchand, 
Pogg. Ann. xxviii. 454; xxxii. 345; xli. 595. — Muller, Ann. Ch. Phys. [3], xix. 
22. — Borthelot, Compt. rend, xxxvi. 1098. — Gm. viii. 415; x. 511). — This acid, 
produced by the action of strong sulphuric acid upon alcohol, ether, or ethylene, was 
first noticed by I)abit (in 1800), in the residues of the preparation of ether by heating 
alcohol with sulphuric acid; afterwards (1819) by Sert.iirner. Hennel, in 1826, an- 
nounced that ho had produced it by the direct combination of ethylene (olefiant gas) 
with sulphuric acid ; but this result was for a long time doubted, the formation of the 
ethyl-sulphuric acid being attributed to the presence of alcohol or ether vapour in tlio 
olefiant gas. The more rocent experiments of Bert helot, however, have confirmed 
Kennel's statement, and shown that ethyl-sulphuric acid may be formed by briskly 
agitating strong sulphuric acid with perfectly pure ethylene gas, obtained either from 
alcohol, or from coal-gas (by absorbing it with iodine, and decomposing the ethylenic 
iodide with potash), or produced by the direct combination of hydrogen with acetylene, 
(i. 112), or in various other ways from inorganic materials (ii. 565.) — On the formation 
of ethyl-sulphuric acid from alcohol, see Alcohol (i. 76 ). 

Preparation. — A mixture of equal parts of strong sulphuric acid and strong alcohol 
is heated to about 100°, and after standing in a warm place for 24 hours, diluted with 
water, and saturated with carbonate of barium or carbonate of lead ; the solution is 
then filtered from the precipitated sulphate of barium or lead; and the filtrate carc- 
ftdly evaporated to the crystallising point. The crystals of baric or plumbic ethylsul- 
pbate are then redissolved in water; the solution is decomposed with an exactly 
equivalent quantity of sulphuric acid — or better, in the case of the lead-salt, with 
sulphydric acid ; — and the filtrate is concentrated in a vacuum over oil of vitriol or 
chloride of calcium. 

Properties. — Ethyl-sulphuric acid, concentrated to the highest degree that it will 
bear without decomposition, is a limpid, oily, very sour liquid, of specific gravity 1-316 
to 1*317 at 16°. It dissolves in all proportions in water and in alcohol, but is 
insoluble in ether. 

The dilute acid decomposes gradually at ordinary temperatures, quickly on boiling, 
into alcohol and sulphuric acid. The concentrated acid is resolved at a moderate degree 
of heat into ether and sulphuric acid, but at a higher temperature it suffers more 
complete decora position, giving off ethylene gas and sulphurous oxide, and leaving a 
carbonaceous residue. Heated with alcohol to 130° — 140°, it yields ether and sul- 
phuric acid, (i. 76) : 

(C*H 8 )HS0 4 + (C*H 8 )HO « (C 3 II 4 ) 2 0 + IPSO*. 

Heated with manganic peroxide or potassic chromate, it yields aldehyde. (Jacquomi n 
and Li6s-Bodard, Jahrcsb. 1857, p. 345.) 

Ethyl-sulphates or sulph ovina tc s, (C*H 5 )MSO* and (C?II>)»M''(S0 4 ) 1 . 
Ethyl sulplmric acid is a strong acid, which decomposes carbonates and sulphites, and 
neutralises bases completely. Some of the ethyl-sulphates are anhydrous; others 
contain water of crystallisation, which for the most part they give off in a vacuum 
over oil of vitriol. They are likewise dehydrated by heating to 100°, or ip some 
cases to higher tempcr&tureB, with partial decomposition. They all dissolve easily in 
water, some also in alcohol, and a few, the ammonium- salt, for example, in ether. 
Most ethylsnlphates are permanent in the air, hut the ammonium-, lithium-, sodium-, 
and zinc-salts are very deliquescent. When dissolved in a small quantity of water 
they produce a perceptible degree of cold. 1 

The ethyl-sulphates may be prepared by saturating the acid with oxides or carbo- 
nates, or by decomposing the barium- or lead-salt with the corresponding sulphates ; 
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tbc ethylnralphatoa of flu alkali-metals, also by decomposing the barium* or lead -salt 
with an alkaline o&rbonatg. 

The ethyl-sulphates in aqueous solution are decomposed by ebullition, but the 
decomposition is completely prevented by adding a few drops of caustic potash. Somq 
of them, especially the strontic, baric, plumbic, ferric, manganous, argentic, aluminic, 
and uranic salts, undergo spontaneous decomposition, while others may be kept for 
years without alteration. They are decomposed by dry distillation, first giving off 
ether and alcohol, together with their vuter of crystallisation, afterwards heavy oil of 
wine (probably a mixture of neutral ethyUcsulphate and oily hydrocarbons), together 
with carbonic and sulphurous anhydrides, and olefiant gas, and leaving metallic 
. sqlphate mixed with charcoal. Heated in contact with tho air, they burn with a faint 
bluish flame. Heated with strong sulphuric acid , they give off ether, and, with the 
dilute acid, alcohol. Heated with hydrate of -potassium, they yield alcohol, and with 
quicklime they give off, first alcohol, afterwards heavy oil of wine and olefiant- gas. — 
J Seated with mangaric pt r oxide or potassic chromate , they yield aldehyde, together 
with wine-oil and other*products of decomposition. (Jacquemin and Li es-Bodard.) 

The ethyl-sulphates distilled with other salts yield compound ethers ; for example: 
C 2 H s KO* + (PIPKSO 4 K*S0 4 + C a H s (C 2 H 4 )0*. 

Potasnic l’otiinsic Kthylic 

acetate. Ethyl-sulphate. acetate. 

(’om pound others are often prepared by this method. According to Nadi or (Atm. Oh. 
JMnirm. cxvi. 17*3; Jahresb. 1860, p. 403), ethyl-sulphate of potassium distilled with 
nitrate of j>otassiu)n f yields, not el hylic nitrate, but a heavy oily liquid consisting of 
u ro to -ethyl- nitrate, CMP'N-O’, a compound of 2 at. clhy lie-nitrate and 1 at. 
aldehyde (2C*II A NO # + C*H 4 0), the hitter being produced from ethylic uitruto by 
eli mi nation of NO 2 !!. 

When a cold concentrated aqueous solution of an cthyl-sulphato is electrolysed with 
platinum-plates for elect rod os, the inorganic base is separated at tlu> negative polo, 
with evolution of hydrogen, whilst free sulphuric acid is eliminated at the posit ivo 
pole, together with oxygen and carbonic, dioxide, an odour of aldehyde being also 
perceptible. If the positive pole is formed of amalgamated zinc, it becomes coated 
with a film of ethyl-sulpliate of zinc, but neither aldehydo nor sulphuric acid makes its 
appearance. (Guthrie, Ann. Ch. Pliarm. xeix. 64.) 

Ethyl-sulphate of Aluminium is gummy and deliquescent. 

The am moniumsal t, (C a H 4 )(NH*)SO\ forms anhydrous crystals which melt at 
62°, are very deliquescent, and very soluble in water, a leu hoi, and other. 

The barium-salt, (CPH*)*Ba\V>oy.2ir-0, crystallises in monoclinic prisms, iso- 
morphous with the methyl-sulphate, and exhibiting the combination ooP . oopoo . oP . 
— Poo . + P. Axes, a : b : c = 0*8229 : 0*9790 : 1. Anglo 5 : c =* 84° 39'; <xP : 
ceP(orthod.) — 80 w 20'; +P: + P « 96° 44'; oP : ooP — 93° 26'; ooPoo : —Poo 
= 121° 18'. Cleavage perfect, parallel to ooPoo (Sell ab us, Bestimmung dc.r Krystall- 
gr&talfen, The crystals contain 8‘48 per cent, water of crystallisation, which they 

give off in a vacuum. The anhydrous salt does not alter at 100°, but the hydrated salt 
undergoes slight decomposition at that temperature. The hydrated salt dissolves in 
0 92 pts. water at 17°; it is soluble also in alcohol of ordinary strength. It* 
aqueous solution, when boiled, becomes turbid and acid, and deposits sulphate of barium, 
and the filtered liquid, saturated with carbonate of barium, yields paratbionate of 
barium, isomeric with the ethyl-sulphate (iv. 354). 

The cadmium-salt, (C*H*)*Cd' f (SO < )*. 2H*0,;forms longlimpid prisms, very soluble 
in water and in alcohol, insoluble in ether, and giving off their water of crystallisation 
in a vacuum. 

The calcium-salt (C 2 H*) 2 Ca"(S0 4 ) 2 .2H*0, forms monoclinic crystals, apparently 
isomorphous with the barium-salt. Dominant faces ooP, oopoo, Anglo ooP : ooP 
(orthod.) «« 80° 8' (Sc ha bus). The crystals are permanent in the Air, and contain 
11*7 per cent, water, which they give off in a vacuum, or when heated to 80°. One 
part of the snlt dissolves in 1 pt. water at 8°, in 0*8 pt. at 17°, in 0‘63 pt. at 80°, and 
in all proportions in boiling water. The salt is less soluble in alcohol, insoluble in 
ether. Tne anhydrous salt begins to decompose at about 120°. 

The cobalt-sal t,{ C4i*)*GV'(S0 4 )* 2H-0, forms dark -red crystals, permanent in the 
air, very soluble in water and in alcohol, insoluble in ether. 

The cupric salt, (Cni‘)*Cu"(8O 4 )*.4H a 0 f crystallises in right rectangular prisms, 
or laminae of a fine blue colour, veiy soluble in water and in alcohol, iusolublo in ether. 

The ferric salt , obtained by dissolving ferric hydrate in etbylsulphttric acid, cry- 
stallises with difficulty in yellow deliquescent tables, soluble in water and in alcohol, 
insoluble in ether. . 

The ferrous salt, obtained by dissolving metallic iron in the acid, cxystauiaea in 
greenish prisma, which alter very quickly. 
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Lead - tsft i,-. The normal **#, (C 3 H' v )Pb"(SO^^®l^^^fl£alliflee *& igSknxrless 
transparent, tables, very soluble in water and in a le jWaj ^tMyVhi|g fon aCid reaction. 
They contain 7*28 per cent, water of crystallisation^'ipM ^ tS^gtye oflnn a vacuum, or 
when heated. They undergo grad ual d ecomposition. T|p solution bf this salt, digested 
■with recently precipitated oxide of lead, yields~#n. tmcrystallieable' basic salt, 
{C*H*)*Pb"S?0 8 .Pjy'0, soluble in water and in alcohol. By supersaturating the solu- 
tion of the neutral salt with ammonia, evaporating, redissolving th^ residue jn water, 
and again evaporating, scales are obtained containing lead and dininonia. 

The lithium-salt, C*H s LiS0 4 .H 2 0, forms deliquescent crystals. 

The magnesium-salt, (C*H 5 )*Il!jg M (S0 4 ) a .4H 2 0, forms crystals veiysoluhlo in water, 
insoluble in alcohol and in ether, and containing 20*8 per cent, water of crystallisation, 
half of which goes off at 80°, the rest at 90°. 

The manganese-salt, (C 4 H 6 ) 2 Mn w (S0*)*.4H 2 0, forme roseate tables, permanent iu 
the air, very soluble in water and in alcohol, insoluble in ether. 

The mercuric salt is very unstable and deliquescent. 

The nickel-suit, (C 2 lP) 2 Ni'\SO , )V2IT i O J forms green, very 'soluble, granular crys- 
tals. 

The 'potassium- 8 alt, C 2 H s KS0 4 , crystallises easily in large, colourless, anhydrous 
tables or laminae belonging to the monociinic system, and exhibiting the combination 
OOP . op . [Poo 1. Axes a : b : c ■= 0*5730 : 0 6149 : 1. Anglo b : e - 80° 27 . 
ooP: ooP (othod.) = 80° 53'; [Poo ] : [Pco ] = 60° 30' ; oP : ooP = 96° 33'. Cleavage 
perfect parallel to oP (Schabus). It has a sweetish saline taste, dissolves in 0*8 pts. 
water at 17°, deliquesces in moist air, is insoluble in absolute alcohol and in ether. 

The silver- salt, C 2 H # AgSO 4 .H-0, forms shining scales, which dissolve in water 
and in alcohol, and do not give off their water of crystallisation till raised to a tempe- 
rature at which they decompose. 

The sodium- salt, C*H s NaS0 4 .H f O, crystallises in hexagonal plates, which contain 
10*78 per cent, water of crystallisation, effloresce in warm air, and melt to a colourless 
liquid at 86°. The anhydrous salt does not molt or decompose till heated abovo 100°. 
It dissolves in 0*61 pts. water at 17°, and is even more deliquescent than the potas- 
sium-salt. 

The strontium-salt, (C 2 H 4 ) 2 Sr"(S0 4 ) 2 , forms anhydrous crystals very soluble in 
water. 

The uranic salt is yellow, and decomposes between 60° and 70°. — The uranous salt 
crystallises with difficulty and is deliquescent. 

The zinc-salt, (C 4 ! I 6 )*Zn"(S0 4 ) l . 2 IPO, forms large colourless tables,’ very soluble 
in water and in alcohol, insoluble in etlier. 


Dibthylic or Neutral Ethylic Sulphate, or Ethyiic Ethtisul- 
feats, (C*H ft )*S0 4 - (C 2 fP)K).KO a . Sulphuric ether. (Wetheriil, Ann. Ch. 
Pharm. lxvi, 11 7.) — This compound is produced by direct combination of ethylic 
oxide with sulphuric anhydride ; also by the action of sulphuric anhydride on abso- 
lute alcohol, the alcohol being first dehydrated, and the ethefr thus produced uniting with 
another portion of sulphuric anhydride. 

Preparation . — Vapour of sulphuric anhydride is passed into a flask containing ether 
and surrounded by a freezing mixture. The vapour, by its great density, sinks to the 
bottom of the flask and comes in contact with .the ether, and the liquid after a while 
acquires a syrupy consistency, so that it requires to be shaken tip with an equal bulk 
of ether ana four times its bulk of water. It then separates into two layers, the 
upper of which, containing the ethylic sulphate, must be separated from the lower, 
which is strongly acid, and contains sulphuric, sulphurous, ethionic, and ethyl-sulphuric 
acids (p. 625), mixed, if the temperature has not been kept low enough, with black 
Carbonaceous particles, and also with iseth ionic and met h ionic acids, resulting from 
the decomposition of the ethionic acid. The ethereal liquid is then shaken up with 
milk of lime to remove the sulphurous acid — whereby part of the colouring matter is 
at the same time removed — then washed with water, filtered, and tho ether distilled 
off. In the retort there remains an oily liquid, containing a trace of ether, and having 
n sliahtly acid reaction, arising from the decomposition of part of the ethylic sulphate, 
which takes place, when the liquid% heated, by the action of the water taken up by 
the ether. The oil is then transferred from the retort into a basin, and washed with a 
small quantity of water, the last portions of w*hich are carefully removed by strips of 
bibulous paper, after which the liquid is dried in a vacuum over sulphuric acid. 

Properties . — Ethylic sulphate is an oily liquid, colourless when pure, but generally 
exhibiting a yellow tint. It has a sharp taste, and -smells like oil of peppermint. 
Specific gravity 1*120. It makes greasy spots on paper, which however disappear 
after a while. 

1. Decompositions . — This compound ia very easily decomposed when heated' in 
contact with the air, so that it can only be distilled in an atmosphere of carbonic 
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anhydride jti to rise, which condense in small oHy drops ; 

between 110° anjl 120% over unchanged; but between 130? and 1*0°, 
the .liquid blackens, glwe^P^pliuiOM anhydride and alcohol, and at a higher 
temperature, Ac e&tpe product^ miked with olefiant gas. — 2. Kt hylic sulphate heated 
with water, forraa^without separation- of wine-oil, a very acid liquid, which gives off 
alcohol when boilfR| t ; and when treated with carbonate of barium, yields three soluble 
barium-salts— 1 *-viz., methionate, ethylsulphate, and isethionate of barium. The first of 
these salts is, however, sn small in quantity, that it can only bo regarded as a secondary 
product. The formation of thi other products may bo represented by the following 
equation : > * 

8(C 2 IP)*SO« + 3H l O - 2(C 2 H 5 )HSO* + (C’H^IFSO* + 3(C # H # .IL0) 

JEt hylic Elhylhulpburic laethianic Alcohol, 

sulphate. yrld, add. 

3. Ethylic sulphate is decomposed by an excess of sulphuric anhydride, yielding 
ethylsulphuric acid, ethionic acid, and ethionic anhydride ; hence the formation of 
these products in the preparation of the compound : 

2C 4 H'*SO* + 6 SO* - C*H«SO‘ + CWSW + 2C*H 4 S»0*. 

Ethylic Ethvliul- Ethionic Ethionic 

sulphate. phurlc acid. acid. anhydride. 

4. Sulphydric acid does notact on ethylic sulphate at ordinary temperatures, butaw/- 
phydrate of potassium decomposes it, forming mercuptan and sulphate of potassium: 

(C 2 H»)W + 2KH9 - 2(C 2 H*)HS + K 8 S0 4 . 


5. Chlorine does not decompose ethylic sulphate ut ordinary temperatures, but 
combines with it, forming a green liquid, which, on addition of M ater, yields the com- 
pound in its original state. — 6. Potassium does not act on sulphuric ether at ordinary 
temperatures, but on the application of heat, decomposes it, with evolution of light 
and heat, forming mercaptan, ^together with other products. — 7. Sulphuric ether 
dissolves in fuming nitric acid , and is precipitated from the solution by water. On 
adding caustic potash till the liquid is nearly neutral, and applying heat, nitrous cthr, 
CdPN O 2 , is evolved. 

Suiphethamic Acid, C 9 H”NS*0*— 2C 4 II 10 SO I .NH* *» 

Ann. Ch. Phartn, lxxv. 46.) — Ethylic sulphate absorbs ammonia-gas with rise of 
temperature; the product dissolves easily in water or in alcohol, and the solution 
yields, by evaporation, groups of crystalline laminie, consisting nf su Ip hot. hamat e 
of ammonium. This salt, treated with oxide of lead, yields the sulphetlmmiite of 
that base, which, when decomposed by sulphuretted hydrogen, yields tho freo acid. 
The solution of sulphftthamic acid may be concentrated by evaporation; but at tho 
boiling bent it decomposes, yielding free sulphuric acid. . 

Suf phi hamate of Ammonium , C"H w (NIi < )NS 4 0 B l deliquesces in moist air, melts 
below 100°, and burns at a stronger heat, with a faintly luminous flume, emitting an 
odour like that of ethylic sulphide. It dissolves easily in Mater and in alcohol, not in 
ether. The solution is neutral, and does not precipitate metallic salts. It is decom- 
posed by alkalis in the cold, with crolution of ammonia. When mixed with chloride 
of barium and nitric acid, it does not yield an immediate precipitate of sulphate of 
barium, but the mixture becomes cloudy after long boiling. 

When moist sulphethamate of ammonium is heated to 100°, or a little above, it 
quickly becomes acid, and its solution is then precipitated by barium-salts. If the am- 
monia be precipitated from a solution of tho salt by platinic chloride and hydrochloric 
acid, and the liquid containing the excess of platinic chloride evaporated over the water- 
bath, crystals of chloroplatinate of ethy lamina are obtained. It appean then that 
suiphethamic acid is decomposed by heat, under the influence of acids, into ethyUmine 
and sulphuric acid, other products not yet examined being likewise produced. Pos- 
sibly alcohol and isethionic acid arc fanned at tho same time, according to the equation: 

-r 2H 2 0 * C*H 7 N + C*H*S0 4 + 2C*H*0 + H 9 SO\ 

A solution of the ammonium-salt evaporated overfill e water-bath with baryta, leaves 
nothing but sulphate of barium. On boiling it With carbonate of barium or oxide 
of lead, till all the ammonia is expelled, and then distilling with potash, ethylamino 
is obtained. 

Sulphethamate of Barium is obtained by boiling the 'aqueous ammonium-salt for a 
short time with carbonate of barium, ana remains on evaporation as a very soluble 
mass, crystallising with difficulty.^! he lead-salt, prepared in like manner with oxide 
of lead, the excess of lead being removed by carbonic acid, crystallises in needles, very 
soluble in water and alcohol of’ordinary strength, slightly soluble in absolute alcohols 
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Mathjrtealplrarle Aeid (CH*)H80‘. SmipAometfylio Jrtd. fCtmaa ^ 
Filigot, Ann. Ch. Phys. lviii. 64; m. 199. — Kan«;.Phil.J4*g. vii. 897.) — ProduoeH 
in laige quantity by mixing 1 pt. of wood-spirit with *2 pts. bf * strong sulphuric acid 
the mass becoming hot* and sometimes crystallising by spontaneous evaporation. It is 
obtained pure by completely decomposing a solution- of its barium-salt with* sulphuric 
acid; also (according to Liebig) by dissolving neutral methylic sulphate in boiling 
water, and leaving the solution to evaporate. It forms colourless needles, soluble in 
water and in alcohol, and very unstable. * 

The methylsulphates, CH*MS0 4 , are all very soluble in water. Those of the 
alkali-metals yield, by distillation, a large quantity of met hylic -sulphfiie, with a residue 
of alkaline sulphate : 

2CH i KS0 4 = (CH J ) 2 S0 4 + K 2 S0 4 . { 

When distilled with other salts, they yield methylic ethers by double decomposition 
just like the ethyls ulphates. ? 

The barium-salt, (CH # ) a Ba H (S0 4 ) a .2H a 0, obtained by saturatinga mixture of sul- 
phuric acid and wood-spirit with carbonate of barium, is deposited, by evaporation in 
a vacuum, in beautiful nacreous tables or laminae, very soluble in water. The crystals 
are monoclinic, exhibiting the combination ooP . cePoo . [ oepoo] . oP . [Poo 1. Axes 
a : b :c ~ 0*824 : 1*907 : 1. Angle b : c « 83° 30' ; ooP : ooP (clinod.) « 47° O' • 
[Poo ] : [Poo ] =» 79° 20' ; oP : ooP - 92° 35'. Cleavage perfect parallel to ooP® ! 
(Schabus). By dry distillation, the salt yields sulphurous oxide, inflammable gas, 
water, and neutral methylic sulphate, leaving sulphate of barium slightly coloured 
with charcoal. — An isomer of this salt is obtained in very thin prisms, when wood- 
spirit which has absorbed the vapour of sulphuric anhydride is diluted with water 
and saturated with baryta-water. 

The calcium-salt, (CH*) 2 Ca"(S0 4 )* forms anhydrous, very deliquescent octahe- 
drons. 

The lead-salt, ( CH 2 ) 2 ! 5 !/^ SO 4 ) a , crystallises in long prisms containing 1 at. water, 
or sometimes in tables containing 2 at. water. The crystals are very soluble and 
deliquescent. 

The pot as slum- salt , CIPKSOMPO, forma rhombic, very deliquescent, monoclinic 
tables, exhibiting the faces oP . — P . c©P . [Poo ]. Axes, a : b : c « 0*742 : 0*779 : 1. 
Angle b : c 86° 51'; ooP : ooP (clinod.) ■* 87° 16'; — P : — P = 99° 16'; 
[Poo] : [Poo ] — 40° 50'. (Schabus.) 

The uranic* salt , (CH s ) ? (U*0*) M (S0 4 ) 2 .H , 0 f obtained by precipitating the barium- 
salt with uranic sulphate, and evaporating the filtrate in a vacuum, is deposited after 
some time in very deliquescent crystals. 

Dimethylic or Neutral Methylic Sulphate, (CH*)*S0 4 . Metkyl&rt- 
jihuric Ether . (Dumas andPiligot, Ann. Ch. Phys. [2] lviii. 32.) — Produced by the 
direct combination of sulphuric anhydride and methylic oxide: (CH s ) 2 0 + SO* = 
(CH*) a S0 4 ; also in the dry distillation of methylsulphates. 

It is most readily prepared by distilling 1 pt. of wood-spirit with 8 or 10 pts. of 
strong sulphuric acid, the mixture being kept in a state of gentle ebullition; washing 
the oily liquid which condenses in the receiver, with water ; agitating it with chloride 
of calcium ; and rectifying it several times over finely-pounded caustic baryta. 

Methylic sulphate is a colourless oil, having an alliaceous odour and a density of 
1*324 at 22° (Dumas nnd P^ligot); 1*385 at ordinary temperatures (Bode ker, 
Jahresb. I860, p. 17). It boils at 188°, under a pressure of 761 millimetres. 

It is Blowly decomposed by cold, rapidly by boiling water, into methylic alcohol and 
methylsulphuric acid, — When boiled with alkalis , it yields methylic alcohol and an 
alkaline sulphate. — By distillation with fused chloride of sodium , it yields methylic 
chloride and sulphate of sodium ; with benzoate of potassium , methylic benzoate and 
sulphate of potassium ; with formate of sodium , in like mannner, it yields methylic 
formate; ana in contact with sulphides of alkali-metal, it is converted into methylic sul- 
phide, (CH*)*S. 

Ammonia converts it into methylic snlphamate (sulphamethylane) and methylic 
alcohol : 

(CH a )*S0 4 + NH* - CH*NSO a + (CH*)HO. 

This reaction is totally different from that of ethylic sulphate with ammonia (p. 625). 

OetylSOlptmriC Add, (C*H ,r )HSO\ Caprulsulphurio or Sulphocaprylic Acid. 
(Bouis, Compt. rend.xxxiii. 144; xxxviii. 935.)— Produced by gradually mixing 2 pts. 
of octylic alcohol with 1 pt of strong sulphuric acid, keeping the mixture oool at first* 
but afterwards assisting the action by a gentle heat It then separatee into two layers, 
the upper of which, consisting chiefly of octylsulphunc acid, ma y be diluted with water*, 
and neutralised with carbonate of barium, calcium, or lead. 

The pure acid, obtained by decomposing the lead-salt with sulphydrio or tht 
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barium-esit with sulphuric acid, and evaporating in a vacuum over oil of vitriol, la a 
limpid, colourless, syrupy, strongly acid liquid, which dissolves very readily in water 
and alcohol, and dissolves sine and iron with evolution of hydrogen. It blackens when 
heated, and ita aqueous solution, when boiled, is resolved into octylic alcohol and sul- 
phuric acid. 

Octylsulphate of Barium, (C"H IT )*Ba' , (S0 4 ) , l is obtained in fine, flexible, nacreous 
crystals containing 2 at. water, by cooling its solution, or leaving it over oil of vitriol ; 
the crystals, merely frefld from mother-liquor by pressure between filter-paper, contain 
3 at water. It jp very soluble in water, lias an extremely bitter taste, and leaves a 
strongly saccharine aftertaste. The solution is decomposed by boiling, and the dry 
salt by heating to 100°, or by prolonged keeping in a vacuum. 

Tlih calcium-salt crystallises in colourless tables, bitter and soapy to the touch. 

The neutral lead-salt crystallises readily : its solution is acia to test-paper. By 
digestion with massicot, it yields a colourless alkaline solution, containing a basic lead - 
salt, which, on exposure to the air, becomes covered with pellicles of lead-carbonate, and 
is reconverted into the neutral salt. 

The potassium-salt, C a H 17 KS0 4 .H 2 0, is white, nacreous, permanent in the air, very 
soluble in water and in alcohol. When heated, it begins to fuse, and burns with a 
bright flame without carbonisation. It decomposes at temperatures abovo 100°. 

Fhenylaulplrarle Acid, C*H a S0 4 — (C 8 H 6 )IIS0 4 . Sufphophcnia or Sidpho- 
phcnylic Acid . (Laurent, Ann. Ch. Phys. [3], iii. 203. — Freund, Ann. Ch. Pharm. 
cxx.76 ; Jahresb. 1861,p.617.) — Prepared by treating phenol with excess of strong sul- 
phuric acid ; diluting with water after about twenty-four hours ; saturating tho solution 
with carbonate of barium ; filtering, evaporating, and purifying the crystallised barium- 
salt thus obtained by recrystallisation from alcohol; and decomposing it with an equi- 
valent quantity of sulphuric acid (Laurent).— Or tho barium-salt may be converted 
into a cupric salt by double decomposition with cupric sulphate, and the cupric salt 
decomposed by sulpliydric acid. (Freund.) 

Phcnylsulphuric acid may bo obtained, lay evaporation in a vacuum over oil of 
vitriol, in slender needle-shaped crystals (Lauren t obtained it only as a syrup). Tho 
recently prepared solution yields, by distillation, firat water containing phenol, then 
pure phenol, together with sulphurous anhydride ; and leaves a carbonaceous residue, the 
acid being first resolved into phenol and sulphuric acid, (C^IPSO 4 + 11*0 — C a H # 0 
+ IPSO 4 ), which is subsequently reduced to sulphurous acid by tho organic matter 
present. (Freund.) 

Phenyl sulphates, CfH 5 MS0 4 and (C*H fc )*M"(S0 4 )*. — The ammonium-salt , 
2C s II 5 (NH , )S0 4 .H*0, crystallises in scales. — Tho barium-salt, (C 6 H ft )*Ba"(y0 4 ) B .3H*0, 
crystallises in spherical groups of microscopic needles, which give off their water of 
crystallisation at 100°, and yield phenol by dry distillation. (Lauront.) 

The cupric salt , C 11 !! ,0 Cu «S*0\ separates from a concentrated aqueous solution on 
cooling, or by spontaneous evaporation, in greenish-blue permanent crystals containing 
6 at. water; and the dark-green mother-liquor yields, by further concentration, crystals 
containing 4 at. water. The mother-liquor remaining after the hexhydrated crystals 
had separated by spontaneous evaporation, once yielded, after some time, probably in 
consequence of depression of temperature, well-defined efflorescent crystals having 
the colour of blue vitriol, and containing 10 at. water. (Freund.) 

The cobalt-salt , C , *H l *Co"S , 0 # .8H*0, forms beautiful crystals, having tho colour of 
neutral cobalt>sulphate, permanent in the air, easily soluble in water and in alcohol, 
and giving up part of their water (19 per cent.) at 180°. — Tho nickel-salt , 
C l, H , *Ni"S 3 ‘0*.8H ! *0, forms emerald-green crystals, which are permanent in the air, 
dissolve in water and in alcohol, and acquire a canary-yellow colour when dehydrated. 
(Freund.) 

The magncMium-salt forms white needle-shaped crystals, soluble in water and in 
alcohol. 

The potassium-salt, C*H ft KS0 4 .H*Q, forms small silky crystals, soluble in water and 
in alcohol. 

The silver-salt , dried over oil of vitriol, is anhydrous, very soluble in water and in 
alcohol, and crystallises indistinctly. (Freund.) 

Par aphenyl sulphuric Acia, C*H*S0 4 , called Oxyphenyltulphurio Acid by II. 
Schmitt (Ann. Ch. Pharm. exx. 129 ; Jahresb. 1881, p. 623.>-~Thia acid is produced : 
1- By passing a rapid stream of nitrous acid vapour into a hot saturated solution of 
phenylsulphamic (sulphanilic) acid (p. 477) - 

C«EraSO* + HNO* - C*H«S0 4 + H*0 + K*. 

2. By heating diaeophenylsulphurous acid to 80°: 

OTMTOO* + H*Q - C - H i S0 4 4* H*. 

s s 2 
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If this decomposition be allowed to take place in a vessel from which air is excluded 
and the resulting liquid be concentrated over the water-bath, in a flask into which a 
stream of carbonic acid gas is continually passed, the acid is obtained as alight-brown 
imcryataliifiable syrup. (Schmitt.) 

Paraphenylsulphurie acid decomposed carbonates, and forms salts which are very 
soluble in water, and can b# obtained in the crystalline state only by evaporating 
their solutions to dryness. — The barium-salt , C ,2 H 10 Ba"S 2 O*.aTI*O, requires a strong 
heat to decompose it. When heated with solid potash, it forms sulphate of potassium 
and gives off phenol. — The silver-salt, C°H a AgS0 4 , bears in the dry state a tolerably 
high temperature without decomposition. Both these salts have a yellowish or brownish 
colour. (Schmitt.) 

Dibromopheny l sulphuric Acid, OJPBriSO 4 , is produced by boiling diazodibro- 
mophenyl sulphurous acid (infra) with water. By saturating its aqueous solution with 
carbonate of ammonium, adding chloride of barium, and recrystallising the resulting 
precipitate, the barium-salt is obtained in needle-shaped crystals. (Schmitt.) 


Appendix to Phenylsulph uric Acid, 

Phenylsulphurous Acid, (OTI^HSO*. — To the description of this acid 
already given (p. 664), we have to add the following results obtained by Freund 
(Ann. Ch. Pharrn. cxx. 76): — Pure benzene (prepared by distilling calcic benzoate), lett 
in contact with frequontly-renewed quantities of pure strong sulphuric acid at ordinary 
temperatures, and repeatedly shukon, dissolves completely, without evolution of sul- 
phurous oxide; and the product diluted with water also dissolves perfectly, forming a 
clear liquid ; and by neutralising this liquid with carbonate of barium, filtering, evapo- 
rating to dryness, rodissolving in water, and again concentrating, pure phenylsulphite 
of barium is obtained, in transparent nacreous luminec or tables, containing 
C ,2 H w JBa"S 2 0 B .2IL a 0. This salt is slightly soluble in alcohol, and effloresces over oil 
of vitriol, but not on mere exposure to the air. — Cupric p henylsidp h i tc, C ,a H ,a Cu''!S*0*. 
6H 2 (), prepared by decomposing the barium-salt with cupric sulphate, evaporating the 
filtrate to dryness, and redissolving in alcohol, crystallises from a hot concentrated 
alcoholic or aqueous solution, on cooling, in large, thin, tabular, light-blue crystals, 
permanent in the air ; by spontaneous evaporation of, the aqueous solution, also in 
Well-definod crystals. — The silver-salt, C B H s AgSO s .8H z O, produced by precipitating the 
barium -salt with sulphate of silver, forms tabular crystals, soluble in water and in 
alcohol. 

Pltenylsufphu.ro us acid , obtained by decomposing the cupric salt with sulphuretted 
hydrogen, crystallises by evaporation, in slender very deliquescent needles. The 
aqueous solution, when distilled, begins to decompose as soon as it attains a syrupy 
consistence, giving off sulphurous oxide, benzene, and sulphobenzide (p. 486), which 
condensos in the crystalline form ; the distillato also contains sulphuric and undecom- 
posed phenylsulphurous acids, while a black liquid, or a light, shining, carbonaceous 
mass, is left behind, according to the strength and duration of the heating. Phenyl- 
sulphurous acid is therefore decomposed by distillation, partly by assumption of 1 at, 
waterj into benzene and sulphuric acid : 

C B H*SO* + H*0 = C*H B + H ? SO* ; 

partly into sulphobenzido and sulphuric acid: 

2C B IFSO* = C ,a H*°SO a + H 8 S0 4 . 

At the same time, a secondary decomposition takes place, attended with elimination of 
sulphurous acid and separation of carbon. (Freund.) 

Paraphenyf.su/phurous Acid. — This namo may be applied to an unciystalli- 
sable modification of phenylsulphurous acid, obtained — according to B.Sch mi tt(Ann. 
Ch. Pharm. cxx. 129), by whom it is inappropriately termed “ phenylsulphuric acid" 

( Phenylschwefsd a rc)— by heating diazophenvl sulphurous acid (infra) with absolute 
alcohol under pressure. — Its barium-salt, C 1 *H 1 •Ba"S ? O a ^rB 2 0, is soluble in water, 
slightly soluble in alcohol, gives off its water of crystallisation at 110°, and decom- 
poses at a higher temperature. — The lead-salt , C‘*H I# Pb v S*0* riEI*0, is a colourless 
crystalline mass, easily soluble in water, very slightly soluble in alcohol. 

Dibromopheny l sulphurous Acid , OH 4 Br-SO* (Schmitt's Dibromophrvyl- 
schwefsdure), is produced by boiling dinzodibn mophenylsulphurous acid with absolute 
alcohol under pressure. By evaporation it is obtained as a brown liquid, which soli- 
difies after some time to a crystalline Trass : and by precipitating its solution with 
acetate of lead, decomposing the lead- salt with sulphuretted hydrogen, and evaporating, 
it may be obtained in needle-shaped crystals containing 1 at. water ; th e s e crystals 
melt at 84° — 86°, without loss of water, and decompose at a higher temperature. 
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The salts of this acid resemble thqdibTomosulphnmlates fp. 478') in solubilitv.—Th* 
barium-salt, C ,, H*Ba'Br 4 S*0*.*H 1 0, obtained by precipitation, crystallises from hot 
water in long needles, sparingly soluble.in cold water and in alcohol ; itgives off its 
water at 100°, but does not decompose even at 200°. By dry distillation, it gives off 

water, sulphurous oxide, and an oil having the odour of bromobenzene. Tho lead- 

and stiver-salts crystallise in needles slightly soluble j p water.— The potassium-salt 
forms easily soluble needles. (Schmitt, loc. cit .) 

Diazophenyl sulphurous Acid , OHWSO 1 (Schmitt, loc . eiL). Diatophentd- 
schwe/elsdure . — This acid is produced by tho action of nitrous acid on sulnhanilic acid 
(p. 478), 2C*H T NSO" + N* O* - 2C«H 4 NSO* + 311*0. It is insoluble in cold 
water, but dissolves easily in water at C0° — 70°, and separates, by rapid cooling, in 
small colourless needles. It is insoluble in cold alcohol, and is decomposed by boiling 
alcohol, with evolution of nitrogen. Its aqueous solution is very unstable, ami gives 
off nitrogen continuously. When heated to 100°, it decomposes with explosive violence, 
leaving a brown woolly substance. Gaseous ammonia decomposes it with explosion. 
It is decomposed by hy dr iodic and hydrobromic acids , with evolution of nitrogen; 
and by sulphydric acid , with evolution of nitrogen, separation of sulphur, and formation 
of sulphanilic acid: 

2C a H*N t SO l + 3H 5 S - 2C«H 7 NSO« + S f + 


When boiled with alcohol of 90 per cent., it yields aldehyde, paraphenylsulphurous 
acid, and paraphenylsulphuric acid ; but when it is heated with absolute alcohol, under 
pressure, only the first two products arc obtained, thus : 

C a H 4 N*SO* + C’H’O « Cll^SO* + CGI 4 0 + N a . 

Diaz odibromopheny l sulphurous acid , Call’ll r 2 N*SO a , is produced by the 
action of nitrous acid on bromosulphaniJic acid (p. 479). It forms yelJowish-whito 
scales, which are permanent at ino°, but decompose with detonation at a higher tem- 
perature! It dissolves in alcohol, but not without detonation ; is nearly insoluble in 
cold jrater, easily soluble in hut water ; but decomposes in aqueous solution at the 
boiling heat, with evolution of n’trogen. Its reactions are similar to those of diozo- 
phcnylsulphuroua acid. 

Tetrylsulptiuric Aold, (C 4 II fl )HS0 4 . Dittyhulphuric Add. Sulpkolmtylic Acid . 
(W urtz, Compt. rend. xxxv. 310.)— Produced by mixing trtrylic alcohol witli an equal 
volume of strong sulphuric acid, taking care that the mixture dues not become hot. 
After about twenty-four hours tho action is complete, and a product is obtained perfectly 
soluble in water. The solution, saturated with carbonate of potassium, and evapo- 
rated to dryness over the water-bath, yields a mixture of sulphato and tetrylsulphato 
of potassium. 

The tetrylsulphate, C 4 H 9 KS0 4 , extracted from the mixturo by boiling absolute 
alcohol, crystallises on cooling, in shining anhydrous laminae, which whon dry have a 
nacreous lustre, and are unctuous to the touch. The salt distilled with cyanate of 
potassium yields a mixture of tetrylic cyanato und cyanurato. 

Tritylaulphurlc Acid, (C , II 7 )IIS0 4 . Propyl sulphuric or Sufphopropyhc Acid. 
(Chancel, Compt. rend, xxxvii. 410.) — The potassium-suit of this acid, C*II 7 KS0 4 , 
prepared from tritylic alcohol in the same manner as the preceding, crystallises on 
cooling from alcoholic solution, in anhydrous very slender needles, extremely soluble in 
water. 


Hypotnlplmroiifl Compounds. 

Htposulphubous or TmosuLPHuaic Acid, IPS'O*; called also DU 
thionous Acid , and Sulphuretted Stdphurous Acid. (Gay-Lussac, Ann. Chim. 
lxxzv. 199. — Herschel, Ed. Phitr J. i. 8, 296; ii. 154. — Kessler, Pogg. Ann. 
Ixxxiv. 274. — Vohl, Ann. Ch. Pharm. xciv. 237. — Slater, Chexn. Gaz. 1856, 
p. 369.) — This acid is scarcely known in the* free state, since, when liberated 
from any of its salts by the action of a stronger acid, it is almost immediately 
resolved into sulphurous acid and sulphur : IPS*!}* «- IPSO* + S. According 
to H. Rose, however ( TraiU de Chimie analytique , i. 475), the decomposition u 
never complete unless the quantity of hyposulphite operated upon is very small ; and 
the liqnid, if filtered from the deposited sulphur, even after several weeks, still exhibit* 
the reactions of hypoeulphuroufl acid. According to Fliickinger (J. Pharm. [3j 
xlvi. 453; Jahresb. 1863, p. 149), small quantities of this acid are often found m 
flowers of sulphur, in precipitated sulphur, in sulphur which has been crystallised 
from carbonic disulphide, and even in roll-sulphur. Fliickinger finds also that it is 
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produced by the action of aqueous sulphurous acid on pure sulphur, even si ordinary 
temperatures, but more readily at 80° or 90° in a sealed tube. Wien a mixture of 
finely-divided cadmium, sulphide of cadmium, and sulphur, moistened with absolute 
alcohol, was treated with sulphurous acid, sulphuretted hydrogen then passed into the 
filtrate after the sulphurous acid had evaporated, and the excess of sulphuretted 
hydrogen removed, the liquid after five months still exhibited the reactions of hyposul- 
phurous acid, — a fact which confirms H. Bose’s statement as to the stability of that 
acid in dilute solutions. 

Hyposulphites. — These salts may for the most part be regarded either as analogous 
to the formates (MHCO*), and represented by the formulae MHSO* and M"H z S*0\ or 

M* 1 TLf* ) 

as hydrated thiosulphates, or ^ > S0*.H*0, derived from sulphates, or SO 4 , by the 

substitution of S for 0 : 

M*S*0*.H*0 - 2MHS0* 

M"S 2 0».H*0 - M"H*S 2 0 4 . 

The former view is in accordance with the fact established by H. Rose, that nearly 
all hyposulphites contain at least one atom of hydrogen ; also with the formation 
of hyposulphites by the action of sodium, zinc, or iron on aqueous sulphurous acid, 
just as sodic formate is produced by the action of sodium on carbonic acid (ii. 683) : 
2IFSO" + Na* - NallSO* + NaHSO* + H 2 0. 

Sulphurous Sodic hypo- Acid sodic 

add. sulphite. sulphite. 

2H*CO # + Na* - NaHCO 2 + NaHCO 2 + IPO. 

Carbonic Sodic Acid *odlc 

acid. formate. carbonate. 

But, on the other hand, hyposulphite of lead contains no water of crystallisation, 
and may be rendered completely anhydrous by heating to 100° (Pape, Jahresb. 1864, 
p. 67): it cannot, therefore, be regarded as analogous to a formate, but must be 
represented by the formula Pb"S v 0 3 . The potassium-salt appears also to be capable 
of crystallising with less than 1 at. water. The dibasic formula JVFSO 1 is also more 
in accordance with the tendency of hyposuiphurous acid to form double salts. 

Hyposulphites are produced : — a. By passing sulphurous oxide through a solution of 
an alkaline sulphide, the reaction being accompanied by deposition of sulphur ; e.g . : 
2Na*S + 3SO* « 2Na 2 S 2 0» + S 

2Na 2 S* + 3SO* = 2Na 2 S 2 0* + S»; 

or, better, by digesting or boiling sulphur with a solution of an alkaline sulphite ; 
thus : 

Na 2 SO» + S - Na 2 S 2 0*. 

By boiling sulphur with a solution of alkaline hydrate, an alkalino pentasulphido 
being formed at the same time ; thus with calcic hydrate : 

3CaH a O* + S 1 * « Ca^O* + 2CaS‘ + 3H 2 0. 

By exposing the resulting solution to the air till it becomes colourless, the pentasul- 
phide is further resolved into sulphur and hyposulphite : 

CaS & + O 1 = CaS*O a + S*. 

In this manner hyposulphites are obtained from gas-lime refuse and ball-soda 
refuse, which contain sulphide of calcium. 

y. By the action of certain metals on aqueous sulphurous acid (supra). 

8. According to Bathke and Zschiesche (J. pr. Chem. xcii. 141), hyposulphites 
are produced, together with hvposulphates (dithionates), when selenium is dissolved in an 
alkaline sulphite. By quickly evaporating such a solution, recently prepared and satu- 
rated, a crystalline mass is obtained, coloured red by separated selenium, and consisting 
mainly of alkaline sulphite mixed with hyposulphate ; and the solution of these 
crystals, freed from selenium by filtration, and evaporated (even in an atmosphere of 
hydrogen), again deposits selenium, and afterwards a mixture of sulphite and hypo- 
sulphite. The mother-liquor of the first ciystals also leaves, when evaporated, a 
certain quantity of selenium, and a crystalline mass consisting of a small quantity of 
sulphite, and a large quantity of hyposulphite together with separated sulphur. 

The hyposulphites of the alkali-metals, alkaline earth-metals, and magnesium are 
soluble in water. That of barium, however, is only slightly soluble, and may be 
obtained, as a crystalline precipitate, by mixing the solutions of baric chloride and 
sodic hyposulphite. 

Solutions of hyposulphites dissolve chloride, iodide end bromide of silver, mercurous 
chloride, iodide of lead, sulphate of calcium, and sulphate of lead. Mercuric iodide 
dissolves in cold aqueous hyposulphite of sodium, and the solution when hea t ed 
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deposits red sulphide of mercury free from iodide. — Cuprous and cupric hydrate! 
dissolve in the same salt at ordinary temporaturee, and are precipitated on heating 
(Field, Chem.Soc. Qu. J.xyi. 28; Jahresb. 1863, p. 179).— Accordingto Diehl (Jahresb, 
1860, p. 78), the ferrocyanidee of sine, manganese, cobalt, nickel, cadmium, and tin are 
insoluble in aqueous hyposulphite of sodium , whereas those of potassium, copper, 
lead and silver, and the ferricyanides of silver and mercury, are dissolved by it. The 
white precipitate formed by ferrocyaaide of potassium in ferrous salts is not dissolved 
by it; the Prussian-blues are converted into a white compound. — The alkaline 
cyanides and ferrocyanides are converted, by fusion with the hyposulphites of potassium 
and sodium, into sulpbocyanates. (Fr 5h.de, p. 514.) 

Solutions of hyposulphites give, with mercuric, plumbic and argentic salts, white 
precipitates of metallic hyposulphites, which speedily become yellow, brown, and black, 
especially if heated, owing to the resolution of the hyposulphite into metallic BUlphide 
and sulphuric acid : 

Ag*SO i .H a O « Ag t S + H*SO\ 

With stannous chloride they give off a brown, and with mercurous nitrate, nickel-salts, 
and cobalt-salts, a black precipitate of metallic sulphide.— With ferrous salts they 
give no precipitate, oven at the boiling heat, under the ordinary atmospheric pressure ; 
but by prolonged heating to 130° — 140° in sealed tubes, the iron is completely 
precipitated as sulphide. — Zinc is but partially precipitated even at 120°, and 
manganese not at all, unless iron is also present, in which case a manganiferous 
sulphide of iron is thrown down under increased pressure (Wolcott Gibbs, Sill. 
Am. J. xxxvii. 346 ; Jahresb. 1864, p. 183). — When a soluble hyposulphite is boiled 
with an aluminium-salt, alumina and sulphur are precipitated, sulphurous oxide is 
evolved, and t he acid of the aluminium -salt remains in solution combined with the 
base of the hyposulphite (Chancel, L 185) ; e.g. : 

3Na*S a 0 3 + A1*(S0 4 )* = A1 2 0> + S* + 3 SO* + 3Na*S0 4 . 

According to Gibbs, tho precipitation is accelomted by heating under increased 
pressure, and the precipitate! alumina is then insoluble in dilute sulphuric acid, and 
nearly insoluble in cold concentrated hydrochloric acid. 

Hyposulphites heated with hydrochloric acid , give off sulphurous oxide and deposit 
sulphur, which in this case is yellow, not white, as it usually is when precipitated 
from solution. When treated with iodine, they form a metallic iodide and a tetra- 
tliionate, thus : 

2Ba"S 2 0« + I* *» BaT* + Ba"S*0 # . 

Those two reactions distinguish hyposulphurouR from sulphurous acid. Tho reaction 
with iodine is sometimes used for tho volumotric estimation of that substance 
(Brown, Chem. Soc. Qu. J. x. 71). — Hyposulphites treated with hypochlorite of 
sodium , or with chlorine in presence of water, are completely converted into Bulphates 
even at ordinary temperatures ; e. g. : 

Na*S J 0* + Cl* + 5H*0 « 8HC1 + 2NnHS0 4 . 

Hyposulphites are oxidised by permanganate of potassium , and converted into 
sulphates and hyposulphates : in an alkahne solution, 1 at. hyposulphite of sodium 
takes up exactly 4 at. oxygen, and is converted into sulphate: Na'S-WHK) + 0* *- 
2NaHS0 4 (P4an -de-St-Gilles, Ann. Ch. Phys. [3], lv. 374; Jahresb, 1858, 
p. 583). Neutral chromates are not decomposed by sodic hyposulphite even at the 
wiling heat; but acid chromates are reduced to neutral chromates, especially on 
heating, with separation of CrO*. (E. Kopp, Jahresb. 1864, p. 233.) 

Hyposulphites treated with tine and hydrochloric arid, yield free sulphur and a 
large quantity of sulphydric acid. This reaction is extremely delicate, serving, 
accordingto E. J. Reynolds (Chem. News, viii. 283) for the detection of part 

of sodic hyposulphite in a solution, if a piece of paper moistened with acetate of lead 
he exposed to the evolved sulphydric acid. 

All hyposulphites are decomposed by heat, those of the alkali-metals into a poly* 
sulphide and a sulphate ; e.g. : 

4Na*8*0* - 8Na*S0 4 4- Na 2 S». 

Those which contain water of crystallisation (e.g., the potassium', sodium-, and barium* 
salts) do not give it up till they are heated nearly to the point (about 220°) at which 
decomposition begins. (Pape, Jahresb. 1864, p. 57.) 

To detect hypcwulphurous acid in presence of sulphydric arid or a soluble sulphide 
the solution is made neutral and precipitated by a zinc-salt, tho sulphide of sine 
filtered off, and the filtrate tested for hyposulphnrous acid. 

8oluble hyposulphites, especially the sodium-salt, are much used for fixing photo* 
graphic pictures, which they effect by dissolving out the chloride of silvst which has 
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not been acted upon by light. The sodium-salt is also largely employed as an 
entichlore, for removing the last traces of chlorine from bleached fabrics* On the 
use of soluble hyposulphites as mordants in calico-printing, see E. Kopp (Dingl. poJ, 
J# cl. 383). 

Sypoanlpbite of Ammonium, 3(NH 4 )*S 2 0*.H 8 0 (Ramm elsberg), is obtained 
by decomposing the calcium-salt with carbonate of ammonium, and separates, by 
evaporation, in very deliquescent needles or rhombic plates. 

Hyposulphite, of Barium, J3a"S J 0 3 .II 2 0 or Ba"H 2 S 2 0 4 , is obtained, by mixing 
the solution of the sodium-salt with acetate of barium, as a white precipitate, the 
separation of which may be completed by addition of alcohol. It retains its water of 
crystallisation with great tenacity (H. Rose, Pogg. Arm. xxi. 437); gives it off at 
215°, and decomposes at 220° — 225° (Pape). The anhydrouB salt, when heated to 
redness, gives off sulphur, and leaves a residue of sulphide, sulphite, and sulphate of 
barium (Ramm elsberg, Pogg. Ann. Ivi. 300): 

6Ba"S"O s = Ra"S + 2 Ha "SO 8 + 3Ba"S0 4 + S*. 

Hyposulphite of Cadmium, obtained by mixing the solutions of cadmic sul- 
phate and baric hyposulphite, is extremely soluble in water und in alcohol, and when 
concentrated by evaporation decomposes before solidifying. 

Hyposulphite of Calcium, Ca'S 2 0 s .GH 2 0, or Ca"H 2 S 2 0 4 .f>H 2 0.— This salt is 
usually prepared by boiling sulphur with milk of limn, and passing sulphurous acid 
gas into the solution of calcic sulphide thereby produced, till it becomes colourless and 
neutral : 

2Ca"S + 3SO* - S + 2Ca"S 2 0 3 . 

On evaporating the solution, at a temperature below G0°, the hyposulphite of calcium 
crystallises out (Ilerschel). This process is used on the large scale. 

The sulphide of culcium contained in sod a- was to or gas-lime may be converted into 
hyposulphite and sulphite by atmospheric oxidation. Messrs. Town s h e nd and Wal ker 
employ for this purposo the soda-waste obtained in the lixiviation of crude soda (i. 793 ; 
v. 325), which contains a considerable quantity of insoluble calcic sulphide. The oxida- 
tion is effected by exposing the wasto, in a state of dampness, to the air for some days, oc- 
casionally turning it over and sprinkling it with water, or with solution of calcic sulphide. 
When fully oxidised and lixiviated with water, it yields a solution of calcic hyposulphite 
and sulphite, the former salt predominating. If the product is lixiviated before the oxi- 
dation is complete, a yellow solution is formed, containing sulphide of calcium as well 
as sulphite und hyposulphite. The complete oxidation may then be effected by causing 
the yellow solution to percolate slowly through a tower filled with lumps of coke, and 
having oponings at the lowor part to admit the Rir. The sulphite and hyposulphite 
of calcium thus produced may bo obtained in the solid form by evaporation, or merely 
brought down to the state of concentrated solution, and in either case used us an anti- 
chlote. Or the solution may be mixed with sulphate of sodium, whereby a solution of 
sodic sulphite und hyposulphite is obtained, together with a precipitate of calcic sul- 
phate containing small quantities of sulphite and hyposulphite. This precipitate, dried 
at a temperature not exceeding 100° C., constitutes the product called “ precipitated an- 
tichlore. It has been found very valuable in the manufacture of paper, as the hydrated 
calcic sulphate gives weight and body, while the sulphite and hyposulphite destroy 
any chlorine present in the pupor-pulp (see Richardson and Watts’s Chemical 
Technology, vol. i. pt. iii. p. 39). — A somewhat similar process has been patented by 
Juliion (itrid. p. 42), who however subjects the calcic sulphide confined in soda-waste 
or gas-lime only to partial oxidation, whereby lie obtains a yellow solution called 44 sul- 

? huret.ted hyposulphite of lime,” consisting chiefly of calcic sulphide and hyposulphite. 

'his solution may be decomposed by a strong acid, whereby sulphur is precipitated, 
and a mixture of sulphurous and sulphydric acid gases is given off, which may be 
utilised in various ways ; or the solution may be treated with sulphurous acid gas, 
whereby sulphur is precipitated, and the whole of the calcic sulphide converted uxto 
hyposulphite. 

Hyposulphite of calcium may also be prepared by decomposing chloride of calcium 
with hyposulphite of sodium, in hot concentrated solution. The liquid, as it cools* 
deposits a large quantity of sodic chloride ; and if it be then concentrated at a tempe- 
rature below 60°, and allowed to cool to 30°, after all the sodic chloride has separated 
out* it yields ciystals of pure calcic hyposulphite. (Kes sler.) 

• Hyposulphite of calcium crystallises in Large, eight-sided, tridjnie prisms, exhibiting 

the combination oeP # . . oepco . odPoo . oP (Kopp’s KrystallograpMc, 2te 

Auflage, p. 239). It is easily soluble in water, and is decomposed, on heating the 
solution to $0°, into sulphate of calcium und free sulphur. 
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Hyposulphite of Cobalt* CcT8W.6H*G or CoTI^CM. 5H*0. —Obtained, as a 
dark-red crystalline mass, by mixing the solutions of cobalt-sulphate and strontium- 
hyposulphite, and evaporating. (Ram mol a berg.) 

Hyposulphites of Copper. — Neither cupric nor cuprous hyposulphite is known 
in tho separate state ; but some double salts of cuprous hyposulphite with n-Urdi na 
hyposulphites have been obtained by mixing the solutions of tho latter with cupric 
salts. Their solutions are colourless, have a sweet taste, yield with alkalis a precipi- 
tate of cuprous oxide, and are decomposed by heating with acids. — A jKjassium-salt, 
Cu*K a S 4 0*.2H*O f separates on mixing the solutions of potassic hyjHwulphite and cupric 
sulphate or acetate, as a yellow precipitate, which soon turns black, from formationof 
sulphide of copper, and is completely decomposed by water into sulphide of copper, 
sulphurous acid, and sulphuric acid. The solution of this double salt, in hyposulpnite 
of potassium deposits, on addition of alcohol, an oily liquid, which solidifies to a white 
sato having the composition Cu*K 4, S H 0 ,fl . 311*0 (Raminelsberg). — A sodium-salt, 
containing Cu 6 Na 4 S ,0 O l4 .5H 2 O (Lenz), is obtained, like the first-mentioned potassium- 
salt, as a yellow crystalline precipitato, which it is host to wash with water containing 
acetic acid. From its solution in hyposulphite of sodium, alcohol throws down a white 
salt, Cu 2 Na - S*O la .2H a O. — According to Schutte (Compt. rend. xlii. 1267), a salt 
having the composition (Cu 2 ; Cu f ')Na s S , *0*.Ntt*, is obtained, in small violet needles, 
by adding a concentrated solution of sodic hyposulphite to an ummoniucal solution of a 
cupric salt. The crystals are permanent in the air, give off ammonia at 100°, and are 
decomposed at a stronger heat, also by cold water. — II. Peltzor (Ann. Ch. Pharm. 
exxvi. 351 ; cxxviii. 187 ; Jahresb. 1863, p. 277) describes a salt having the composition 
Gu 2 Cu"Na 4 S*O l2 .2NH J , us separating in dark-blue needles or prisms, from a solution of 
cupric sulphate and sodic hyposulphite in ammonia, or as a violet powder on mixing 
equal volumes of tho solutions of cupric sulphate arid sodic hyposulphite both saturated 
with ammonia. It is decomposed but not dissolved by hot water, dissolves in ammonia 
and in sodic hyposulphite, and, when heated with potash-ley, yields a precipitate of 
cupric and cuprous oxides. Acetic acid dissolves the salt with yellowish-green colour, 
and alcohol throws down from tho solution, first a white, then a canary-yellow, tolerably 
permanent salt, not containing ammonia. Hyposulphite of sodium produces in tho 
acetic solution, after a while, a heavy white precipitato of a cuprous salt containing 
tetmthinnic acid. A strong solution of silver-nitrate forms, in the same liquid, first a 
grey precipitate, which soon rediHsolves ; then a precipitate which dissolves with blue 
colour in ammonia, quickly decomposes with formation of silver-sulphide, and gives tho 
reactions of cupric oxide, silver, and hyposulpliurous acid. 

Hyposulphites of Gold. — Sodio-aurous hyposulphite, AuNa !, S , 0 B .2EL 2 0, is pro- 
duct by mixing tho solutions of auric chloride and sodic hyposulphite, and adding 
alcohol. Its aqueous solution yields, with chloride of barium, a gelatinous precipitato of 

hario-aurous hyposulphite, Au 2 Ba*SM ia ; and this salt, decomposed by sulphuric acid, 
yields uncrystallisable hydrated aurous hyposulphite. A sodio-auric hyposulphite 
appears also to be formed by dropping a neutral solution of auric chlorido into a solution 
of sodic hyposulphite (Fordos and O^lis). See Gold (ii. 931). 

Hyposulphites of Xron. — The ferric salt is not known. — !'• rrous hyposulphite, 
2Fo"S 2 0\6H 2 0, is produced, together with the sulphite, by dissolving iron in aqueous 
sulphurous acid. On evaporating ihe solution, or mixing it with alcohol, the sulphite 
separates out; and the mother-liquor, when further evaporated, yields crystals of ferrous 
hyposulphite, which are more stable than those of the sulphite, and may be kept 
unaltered if excluded from the air. Rammclsberg obtained the salt in small green 
crystals, mixed with a basic ferric suit, by mixing tho solution of ferrous sulphate with 
hyposulphite of barium or strontium. On attempting to concentrate the salt further 
in contact with the air, a small quantity of ferric salt is first formed, which then act® 
upon the hyposulphite, converting it into ferrous tetrathiouato, and the latter is resolved 
hy further evaporation into ferrous sulphate, sulphurous acid, and sulphur. (For doe 
and G^lis.) 

Hyposulphite of lead, Pb'S'O*, is a white precipitate, very sparingly soluble 
in water, but dissolving in alkaline hyposulphites, with formation of double salts. It 
may be dried at 100° without decomposition ; but at a stronger heat, it blackens and 
gives off sulphurous oxide, and leaves a residue of sulphide and sulphate of lead. When 
heated in the air, it glows like tindor, 

Amvionio-plumbic hyposulphite, Pb’(NH 4 ) 4 S*0 , .5H z 0, separates by spontaneous 
evaporation from its solution, obtained as above, in rhombic prisms shortened into 
tables. It dissolves in water without immediate decomposition, but the solution 
becomes cloudy alter a while, from separation of plumbic hyposulphite ; when heated, 
it yields sulphide of lead,- Bario-plvmbic hyposulphite is a sparingly soluble salt. 



634 SULPHUR OXWMM0 AND SALTS. 

>iy precipitating the solution of one of the alkaline double mite with 

of b mnm.-<Mio-piumlnc isobtainedh Zrfo a, Mow 


prepared oy agiiamg me rwtmuj wmm a ajiuce ana warm (but 
not boiling) solution of pot am c hyposulphite . On cooling, the entire liquid solidifies 
to a thick magma of email crystals, which must be purified by expressing the mother. 
liquor, a a they are decomposed by solution in water, the simple lead- salt then sepa- 
rating in crystalline spangles. Tho double salt dissolves easily in hyposulphite of 
potassium, and the lead is but slowly precipitated from the solution by sulphuric acid, 
sulphur being precipitated at the same time ; the solution is not precipitated by 
soluble sulphates. — Sodio-plumbie hyposulphite is prepared in a similar manner. The 
strontio-plumbic salt is not crystalline, but separates from solution as a syrupy mass. 


Hyposulphite of Magnesium, Mg"S 2 0*.6H 2 0 or Mg^H^'O^IPO, is prepared 
by boiling a solution of magnesic sulphite with sulphur, and evaporating over oil of 
vitriol. It forms small triclinic crystals, permanent in the air, and easily soluble. 
When heated, it melts, gives off water, sulphur, and sulphurous acid, and leaves when 
ignited a mixture of magnesic sulphate and sulphite with pure magnesia. Jullion 
prepares it by boiling pulverised soda- waste or gas-lime with carbonate of magnesium, 
whereby carbonate of calcium and insoluble sulphide of magnesium are produced, 
rendering tho latter soluble by boiling it with sulphur or an alkaline polysulphide, 
and converting the soluble sulphide of magnesium into hyposulphite by treating the 
solution with sulphurous acid. — Ammonio-magnesic hyposulphite, Mg"(NH 4 )*S 4 0 8 . 
6H a O, is obtained by decomposing aramonio-magnesic sulphite with hyposulphite of 
strontium. The concentrated solution becomes turbid when heated, and when cooled 
below the freezing-point of water, deposits vejy deliquescent crystals (Kessler). — 
Fvtassio-magnesic hyposulphite , Mg"K 2 S < 0*.6H 2 0, is deposited from a hot solution of 
equivalent quantities of potassic and magnesic hyposulphites, in very soluble deliques- 
cent crystals, which may be obtainod of considerable size by immersing previously- 
formed crystals in the concentrated solution. 


Hyposulphite of Manganese is known only in solution, and is produced by 
decomposing the barium- or strontium-salt with manganous sulphate; also (according 
to It a mm els berg) by dissolving recently precipitated sulphide of manganese in 
aqueous sulphurous acid. It is decomposed by evaporation into sulphur and man- 
ganous sulphur. 


Hyposulphites of Merenry. — Potassio-mercuric hyposulphite , Hg*K 10 S ,a O* 4 , is 
produced by dissolving mercuric oxide in hyposulphite* of potassium. The liquid 
becomes warm, and on cooling deposits the double salt in colourless, sparingly soluble 
prisms. Acids decompose it, separating sulphur and sulphide of mercury. Iodide of 
potassium does not precipitate mercuric iodide from the solution. — Ammonio-Tnercuria 
hyposulphite, which is very easily decomposible, is separated from its solution by 
alcohol m colourless prisma. — "The sodio-mcrcuric salt is not crystallisable. 

Hyposulphite of Hftokel, Ni”S-0 3 .GH 2 0 ~ Ni"H t S*0 4 .5H*0, prepared like the 
cobalt-salt, separates, by evaporation over oil of vitriol, in green triclinic crystals, which 
when heated give off water, sulphur, and sulphurous acid, leaving sulphide of nickel.— 
Ammoniacal Hyposulphite of Nickel, Ni"S v 0 s .4NH s .(3ll 2 0, is obtained, as a blue crystal- 
lino powder, when the blue ammoniacal solution of tho preceding salt is mixed with 
alcohol. It decomposes quickly when exposed to the air. 


Hyposulphites of Platinum. — Neither platinous nor platinic sulphite is known 
in the separate state. — Sodio-platinous hyposulphite , Pt * N a*S H 0 1 *. 1 0IPO, is produced 
by dissolving nmnjonio-platinous chloride in a strong solution of sodic hyposulphite ; 
and may be separated, by addition of absolute alcohol, as a dense, yellow, oily liquid, 
which gradually solidifies to & yellow crystalline mass. When purified by two more 
precipitations with alcohol, it forms a yellow noncrystalline mass, very soluble in water. 
Its solution is decomposed by hydrochloric acid, slowly in the cold, quickly when 
heated, with deposition of platinous sulphide and evolution of sulphurous oxide. It 
is not decomposed by caustic soda, or by sulphuretted hydrogen. (Schot tlander. 
Ann. Ch. Pharm. cxl. 200 ; Bull. Soc. Chim. 1867, i. 403.) 

Hyposulphite of Yotauium, K^O*. — This salt, which crystallises with various 
proportions of water, is prepared by boiling a concentrated solution of potassic 
sulphites with excess of sulphur, or by adding a hot solution of potassic dichxomate by 
small portions to a hot solution of potassic pentasulphide, waiting after each addition 
till the separated chromic oxide has acquired a pure green colour (Bopping; Kes sler). 
If the solution obtained by either of these methods be evaporated to 30°, the salt 
crystallises in very thin four-sided prisms, containing 3K*3*0*JH*0. These crystals 
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are very soluble In upter, and deliquescent, but insoluble in alcohol. They give off 
their water at 200°, and the anhydrous salt decomposes, at a higher temperature, into 
a mixture of 1 at. potassic peatasulphide and 3 at. potassic sulphate. (Rammels- * 
berg.) 

The mother-liquor decanted from these prisms yields, if briskly stirred or shaken 
when cold, a quantity of small granular crystals ; and if these be redissolved in the 
solution from which they have separated, with addition of a little water, the liquid on 
cooling deposits largo colourless crystals, having a rhombic octahedron for their primary 
form. They contain 13*62 per cent, water, and, according to Kessler, consist of 
3 K s S* 0*.5H 5 0, or 3KHS0*.H*0 ; according to D o p p i u g, of 2K 2 S*0*.3H*0 or 4KHSO*. 
IPO. These crystals do not deliquesce in moderately damp air, but effloresce imme- 
diately over oil of vitriol, or when heated above 40°. This salt dissolves very easily in 
water, and with groat depression of temperature ; the solution is neutral, and remains 
unaltered even in contact with the air. Sometimes these octahedral crystals separate 
directly from solution either before or after the prismatic ciyBtals, and they are always 
formed when an octahedral crystal is immersed in a solution of the salt evaporated at 
30°. 

Hopping mentions also a prismatic salt containing 8J per cent, of water, and 
having the composition K 3 S*0*.H*0 or KHSO 2 ; this, however, Kessler was not able 
to obtain. 

Plcssy’s salt, K*S 2 0»2H*0 = 2KHS0*.H 2 0, is regarded by Kessler as identical 
with the octahedral salt. 

The compound K 2 S i O*.Hg"Cy was once obtained by Kessler, on mixing the solu- 
tions of equivalent quantities of potassic hyposulphite and mercuric cyanide, adding 
alcohol after a crystalline precipitato (probably consisting of potassio-mercuric hypo- 
sulphite and potassio-mercuric cyanide) had separated, and evaporating the mother- 
liquor in a vacuum. It crystallises in large four -sided prisms, which give off 2 per 
cent, water over oil of vitriol. 

Hyposulphite or Silver. — This salt, on account of its extreme instability, is 
scarcely known in the separate state ; but it forms two series of double salts, R 4 Ag*S*0* 
and IlAgS*O s (R denoting an alkali-metal), prepared by dissolving silver-oxide in 
an alkaline hyposulphite, or by adding chloride or nitrate of silver to the solution of 
the alkaline hyposulphite. The salts of the first series dissolvo easily in water, and aro 
precipitated therefrom by alcohol ; but those of the second series aro insoluble or 
sparingly soluble in water, and separate, in crystalline or pulverulent form, when the 
halts of the first series are troated with an additional quantity of silver-salt. 

These insoluble double salts dissolve easily in ammonia, and the am moniacal solutions, 
as well as the aqueous solutions of the double salts of the first series, have an intensely 
sweet taste. The solutions may be used for silvering ; the Bilver cannot be detected in 
any of them by hydrochloric acid. All these double salts decompose easily when heated, 
yielding sulphide and Bulphatc of silver: hence, in preparing them, the temperature 
must be kept as low as possible. They are likewise decomposed by alkalis, and by an 
excess of the alkaline hyposulphite. 

tiodio- argentic hyposulphite^ Ag*Na 4 S*O*.2H 2 0, is produced by dropping a solution 
of sodic hyposulphite, with constant stirring, into a solution of silver-nitrate, till a 
permanent precipitate is formed, and separates in shining laminae on adding alcohol to 
the liquid. If, instead of adding alcohol, the addition of the ailvor-salt be con- 
tinued, the salt, AgNaS*0 B .H*0, separates in flocks, which soon become crystalline. 
(Hcrschel; Lenz.) 

The ammonio-, potassio-, calcio-, strontio-, and plumbo^argentic hyposulphite* may 
be prepared by similar processes. (Herschel.) 

Bypotulphltc of Sodium, Na*S*0*.6H , 0, or NaHS0*.2H*0.— 1 This salt, which 
is extensively used as an antichlore, and for fixing photographic pictures, is pre- 
pared: — 1. By boiling sulphur with soda- ley, and passing sulphurous gas into the 
solution till it is completely decolorised (p. 630).-— 2. By igniting sulphate of sodium 
with charcoal, at a temperature not high enough to fuse the mass, moistening the 
pulverulent carbonaceous mass with water, and subjecting it to the action of sulphu- 
rous acid gas. (Anthon, Phams. Centr. 1846, p. 414.) 

3. By roasting a mixture of sulphur and sodic carbonate in a sulphur-furnace, and 
adding the product to a boiling solution of sulphur in caustic soda-ley, till the liquid 
becomes colourless. The darifled solution is then evaporated in iron pans, and the 
sulphate of sodium which separates is continually takon out. The concentrated liquid 
deposits hyposulphite of sodium in large pure crystals, and the mother-liquor, mixed 
with caustic soda, is used for dissolving fresh portions of sulphur. (Janresb. 1862, 
p. 664.) 

4. By decomposing the hyposulphite of calcium obtained from soda- waste or 
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gas-lime (p. 632) with carbonate of sodium, and evaporating the filtered solution to 
the crystallising point. (Richardson and Watts’s Chemical Technology, vol. i. pt. iy. 
p. 185.) 

Hyposulphite of sodium fbfrns large, well-defined, monoclinic crystals, usually exhi- 
biting the combination ceP . [ oeP2] . [ ocPa> ] . oP . [Poo ], also with + P and 
other faces subordinate. Axes a : b : c = 2 8507 : 1 : 0*7825. Anglo b : c 76° 2*; 
ooP : ooP (orthod.) « 37° 36’; [ooP21 : [<*1*2] (orthod.) - 68° 30'; [Poo] : 

S Poo] (clinod.) «* 150° 10'. The crystals have a specific gravity of 1*672 (Buignet), 
lissofvo easily in water, but are insoluble in alcohol. Respecting the specific gravity 
of its solutions, see Schiff (Jahrosb. 1859, p. 41). The aqueous solution cannot be 
preserved unaltered even in closed vessels, but deposits sulphur, and is partly con- 
verted into sulphate of sodium ; in contact with the air, it is gradually but completely 
oxidised to sulphate. The dry salt when heated gives off sulphur, and leaves a mixture 
of sulphide and sulphate of sodium. The crystals melt in their water of crystallisation 
at 56 v ; and if the fusion be performed in a smalt glass flask, the temperature 
raised to the boiling-point, the flask then immediately closed, and left to cool quickly 
on a surface which conducts heat slowly, the salt will remain liquid even at ordinary 
temperatures ; but on immersing the bulb of a thermometer, or dropping a crystal into 
it, the whole will instantly solidify to a crystalline mass, with a rise of temperature 
which may amount to 25°. (Bottger.) 

A saturated solution of sodic hyposulphite dissolves gypsum with moderate facility 
at ordinary temperatures, more quickly when gently heated, forming a sodio-calcic 
hyposulphite, which is precipitated by alcohol, together with excess of sodic hypo- 
sulphite, as a heavy oily liquid, which solidifies in needle-shaped crystals. This 
reaction affords the means of separating sulphate of calcium from sulphate of barium, 
which is not dissolvod by hyposulphite of sodium (Diehl, J\ pr. Chom. Ixxix. 430; 
Jahresb. 1860, p. 78). For the reactions with other metallic salts, see p. 631. 

Hyposulphite of Strontium, Sr"S 2 0*.6H 2 0, is prepared like the barium-salt. 
Alcohol precipitates it from its solution in needles having a silky lustre; but even 
without the aid of alcohol, it separates in very largo crystals. It retains 1 at. water 
at 180°, and, according to Kessler, the monohydrated salt is likewise obtained in 
small crystals, by evaporating the solution at or above 50°. 

Hyposulphite of Thallium and Sodium, Tl<Nu"S ,o O ,5 .10H 2 O or 2T1 3 S 2 0*. 
3Na-S-O*.10H 2 O, is formed by dissolving chloride of thallium in boiling aqueous 
hyposulphite of sodium, and crystallises in long, silky, interlaced needles, — or from a 
small quantity of water in small granules (containing an unknown amount of water). 
At a rod heat, it is resolved into sulphide of sodium, sulphate of sodium, and sulphido 
of thallium. (G. Wert her, J. pr. Chem. xci. 385.) 

Hyposulphite of Zinc, Zn*S 2 0 4 , is produced by decomposing the barium-salt with 
sulphate of zinc ; also, though with difficulty, by passing sulphurous acid gas into 
water in which sulphido of zinc is suspended (Ram m el sb erg) ; also, together with 
sulphite of zinc, by dissolving zinc in aqueous sulphurous acid (Mitsclierlick). 
The sulphite crystallises out, and may be completely removed by alcohol ;-or (according 
to Berzelius), it may be wholly converted into hyposulphite by digesting the solution 
with sulphur. 

Hyposulphite of zinc cannot be obtained in the crystalline form, but (according to 
Kdne) it is precipitated by anhydrous ether from its aqueous solution, as an oily liquid, 
which dries up in a vacuum to a gummy deliquescent mass. The concentrated solution 
is gradually decomposed by exposure to the air, sulphide of zinc being separated, while 
tritiuonate of zinc remains in solution : 2Zn"S 2 0* *= Zn"S + Zn"S*0* (Fordos and 
G61is, Compt. rend, xvi . 1070). The solution is also decomposed by heat into sul- 
phuric acid, sulphurous acid, sulphide of zinc, and sulphate of zinc. 

Hyposulphite of Zinc-ammonium, (N 2 H a Zn)”S 2 0 , 1 is produced by heating hyposul- 
phite of zinc with ammonia, and separates from the solution in slender crystals. (Ram- 
melsberg.) 


Bfthftonlo Compounds* 

DiTHioNicorHYPOBULPHUBic Acid, HW. (Welterand Gay-Lussac, 
Ann. Ch. Phys. [2], x. 312. — Heeren, Pogg. Ann. vii. 55. — Rammelsberg, ibid, 
lviit. 295.)* — This acid, discovered by Welter in 181.9, is produced as a manganous salt 
by the action of aqueous sulphurous acid on manganic peroxide: 

MnO* ♦ 2H*SO* « Mn’SK)* + 2HKX 

To prepare the acid, sulphurous oxide gas is passed through water in which finely* 
. divided manganic peroxide is suspended, as long as it continues to be absorbed. 
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Dithionate and sulphate of manganese are then formed, the dithionate being the prin- 
cipal product, provided the temperature be kept down ; at higher temperatures, on the 
contrary, scarcely anything but sulphate is produced. Ou adding hydrate of barium 
to the impure solution of manganous dithionate, hydrate of manganese and sulphate 
of barium are precipitated, while dithionate of barium remains in solution ; and by 
carefully precipitating the barium with an exactly sufficient quantity of sulphuric acid, 
a solution of dithionic acid is obtained, which may be concentrated in a vacuum over 
oil of vitriol, till it attains a specific gravity of 1 347 (Gay-Lussac; Heeren). 
Gilis (Ann. Ch. Phys. [3], lxv. 222) passes sulphurous oxide through water in 
which ferric hydrate is suspendod, whereby a solution of ferric sulphite, bV^SOV, is 
produced ; and this solution, when kopt in a closed .vessel, acquires aftor eotno time a 
light-green colour, and then contains a mixture of ferrous sulphite and dithionate : 

Fe^SO*)* - Fc"$0« + Fe"S*0«. 

From this solution, the dithionic acid may be separated, by means of hydrate of 
barium, &c., in the manner above described. 

Dithionic acid, when concentrated as highly as possible, is an inodorous, strongly 
acid, hydrated liquid, of specific gravity 1*347 ; on attempting to concentrate it further, 
it is resolved into sulphuric acid and sulphurous oxido : ll f S 2 0 8 « ll*SO* + 80 a « 
The dilute acid decomposes in the some manner at higher temperatures. In contact wit h 
the air, dithionic acid is gradually oxidised to sulphuric acid ; the same change is pro- 
duced by heating it with nitric acid, chlorine, or manganic peroxide. 

Dithionates or Hy posulphat es, M*S*0*. — These salts, investigated chiefly by 
Jleeivn, are all soluble in water, aiul arc easily prepared by decomposing the barium- 
salt with the corresponding sulphates. The dithionates of the id kali -met als may also 
he obtained by dissolving t.ho carbonates in sulphurous acid, boiling tlio neutral solutiou 
with finely pulverised manganic peroxide, und leaving the filtrate to crystallise 
(C. v. llauor, J. pr. (Jhcin. Ixxx. 229). They are likewise produced, together with 
hyposulphites, when selenium is dissolved in an alkuliuo sulphite. (Hath ke ttnd 
/schiesche, p. 630.) 

The dithionates are permanent at ordinary temperatures, both in the solid state and 
in solution ; but when heated, in some cases even at 100°, they giro off sulphurous 
oxide, and leave a residue of neutral sulphate. Tho solid dithionates are decomposed 
by strong sulphuric acid, at ordinary temperatures, with bri:»k evolution of sulphurous 
oxide; the solutions, mixed with sulphuric or hydrochloric acid, are decomposed at tho 
boiling heat, yielding sulphurous and sulphuric acids, V'ithout separation of sulphur : 
this reliction is characteristic of the dithionates. A solution of potaxsic manqanate 
mixed with sulphuric acid is decolorised when boiled with u dithionate. Solid di- 
thionates aro decomposed by phosphoric oxychloride only when heated. Tho dry sodium- 
wilt, distilled with phosphoric pentachloridc , yields a distillate consisting of phosphoric 
oxychloride and sulphurous chloride, SOC1 2 . (Kraut, Ann. Ch. Plmrm. exviii. 95.) 

Dithionate of Aluminium separates from its solution by slow evaporation in 
small crystals, mixed however with a considerable quantity of sulphate. (11 oeron.) 

Dithionate of Ammonium, ( N H 4 ) *S*0 IPO, forms indistinct capillary crystals, 
very soluble in water, insoluble in alcohol. 

Dithionate of Barium , J3a"S 2 0“, prepared as above described, crystnllises from 
tlio hot saturated solution on cooling, in crystals containing l>u''S*O fl .2lPO, which, 
according to 86 n arm on t (Jahresb. 1857, p. 142), aro triinefrie, exhibiting the com- 
bination: ooPoo . odI j oo . V . oP . £Poo . ao , and having the axes a : b : c » 
07199 : 1 : 0-6920 ; angle P : cepoo - 128^ 20' ; P : oP — 130° 10'. Hum mol s- 
berg also found them to be trimetric with nearly the same ratio of the axes. Hut, 
according to the measurements of v. Lang (Wien. Akad. Her. |2], xlv. 27 ; Jaliresb. 
1862, p. 126), made upon well-developed specimens, theso dihydrated crystals are 
monoclinic, exhibiting the combination oP . [ ccPoo ] . + 2Pao . ft'oo ] . + 2P . [JP2] 

. [ao P2] . + P . +|PfJ . -[Pf].. Axes a : h : c - 1 : 0*9343 : P4030. Angle 
h:c - 110° 37'; oP : +P*> « 108 J 22'; oP : +P = 103° 45'; 4 P: [P» ] - 
132° 12'; [$P2] : + 2P® ~ 116° 14' ; {!>%]: [Poo l * 118° 41'; [Pf] : + P - 
143® 22'. — A tetrahydratc , Ha"S 2 0 8 .4R O, is obtained, by spontaneous evaporation, in 
distinct, shining, monoclinlc crystals, which effloresco quickly on exposure to the air. 
(Hoeren; Marignac). Dithionate of barium serves, os above mentioned, for the 
preparation of the other dithionates. 

Dithionate of Barium and Magnesium, Ba"Mg''S 4 0 , *.4H , 0, is obtained (according 
to Sehiff, Ann. Ch. Pharm. cv. 239), by precipitating half the barium from baric 
dithionate with sulphuric acid, saturating the filtrate with magnesia, and evaporating; 
the double salt then separates on cooling in crystalline geodes, which give off their 
water completely at 90°. 

Dithionate of Barium and Sodium , Ba' r Jfa 3 8 , 0 1 *.6H*0, is produced (according td 
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Schiff), by decomposing the barium* salt with a calculated quantity of sodic sulphate. 
Kraut (Ann. Oh. Pharm. cxviii. 95), by mixing equivalent quantities of banc and 
sodic dithionates, obtained large transparent crystals, with curved edges and convex 
faces, containing Ba"NV8 < 0 ,2 .4H 9 0, which were permanent in the air, and not resolved 
into the component salts by recrystallisation ; he regards the salt obtained by Schiff as 
merely a mixture. 

Dithionate of Cadmium, is obtained, as a crystalline deliquescent mass, by 
evaporating a solution of the carbonate in dithionic acid (Heeren). It dissolves in 
ammonia, and the solution on cooling yieldB a crystalline powder, consisting of the 
salt Cd"S*O 0 .4NH* mix&l with hydrate of cadmium. (Pammelsberg.) 

Dithionate of Calcium, Ca*S 8 0 8 .4H 2 0, prepared like* the barium-salt, crystal- 
lises by spontaneous evaporation in tabular crystals, belonging to the hexagonal system 
and exhibiting the combination oP : P {fig, 239, ii. 139). Length of principal axis =- 
1*485. Angle P : P (terminal) « 128° 49'; P : P (lateral) *= 119° 30 / . According 
to Nor re n b erg, they are optically negative. They are permanent in the air, and in- 
soluble in alcohol. (He e re u.) 

The Dithionatea of Cerium , Lanthanum , and Didymium , obtained by 
double decomposition, are crystallisable. 

Dithionate of Chromium , Cr*S , 0 la , is obtained by dissolving chromic hydrate 
in aqueous dithionic acid. 

Dithionate of Cobalt , Co"S 2 0®.6H 2 0, separates on. evaporation in roBe-coloured 
crystal! (Heeren). By treating the solution with ammonia and evaporating, Ram* 
melsberg obtained the salt Co 2 0 8 .2S 2 OM(XNH 8 , in small rectangular prisms, which after 
a while turned brown, and lost thoir lustre. 

Dithionatea of Copper. — The normal cupric salt, Cu^OMH 2 ©, forms small, 
rhombic, efflorescent prisms. — A basic salt, Cu"S 2 0*.3Cu”0.4H 2 0, is obtained, as a blue- 
green precipitate, on mixing the solution of the normal salt with a small quantity of 
ammonia (Heeren). — An ammmiiacal cupric dithionate , Cu"S-0*.4NH* f is obtained in 
thin, tabular, violet-blue prisms with oblique end-faces, by supersaturating the solution 
of the normal cupric salt with ammonia. (Heeren.) 

Dithionatea of Iron. — A basic ferric dithionate is produced (according to 
Hoeren), bytreating recently precipitated ferric hydrate with the aqueous acid, which, 
however, dissolves but little of it, the greater part being converted into an insoluble, 
brown, basic salt. — The ferrous suit, Fe"S 2 0*.5H 2 0, obtained by double decomposition, 
crystallises on evaporation in oblique rhombic prisms, having the colour of ferrous 
sulphate. 

Dithionate of Lead, Pb"S 2 0 B .4ll 2 0, propared by dissolving carbonate of lead in 
aqueous dithionic acid, forms large crystals belonging to the hexagonal systom, isomor- 
phous with the cnlcium- and strontium-salts, but exhibiting also the face ^P, occurring 
hemihedrally with P. The crystals are permanent in the air, optically uniaxial and 
positive (Norrenberg). The solution of this salt mixed with a quantity of am- 
monia, not sufficient for its complete decomposition, yields slender needles of a di- 
plumbic salt, Pb"S-O i .Pb"0 ; with an excess of ammonia, a still more basic salt is 
produced. (Heeren.) 

Dithionate of Lithium , Li 2 S ; 0 f .2H 2 0, forms indistinct crystals, easily soluble 
in water, insoluble in alcohol. (Rammelsberg.) 

Dithionate of Maanesium, Mg"S 3 0*.6H*0, forms six-sided tables, permanent 
in the air, and very soluble in water. 

Dithionate of Manganese, Mn"S*0 8 .6H 5 0, prepared as already described 
(p. 636), crystallises, by spontaneous evaporation, in rose-coloured, mostly indistinct, 
deliquescent crystals (Marignac). According to Kraut (Jahresh. 1861, p. 118), 
it formB crystals containing 3 at. water. According to Gut he, these crystals are tri- 
metric, exhibiting the combination P . oo&oo , ooP2. Angles P . P in the terminal 
edges ■» 90° 32 y and 139° 36’; whence »P : »P (macr.) 31° 6' ; ocf>2 : cd£ 2 
(macr.) — 91° 13'. 

Dithionatea of Mercury. — The mercurous salt, Hg^O*, separates in colourless 
indistinct crystals, on evaporating a solution of recently precipitated mercurous oxide 
in the aqueous acid. It dissolves with difficulty in cold water, and is decomposed by 
hot water. When heated, it is resolved into mercury, sulphurous oxide, and sulphate of 
mercury (Ramraelsberg). — A basic mercuric dithionate Appears to be formed by 
digesting aqueous dithionic acid with excess of mercuric oxide. 

Dif At’onofs of Nickel, Ni"S T 0 a .6H T 0, separates by spontaneous evaporation in 
Ifcrge, thin, green prisms. Its solution mixed with ammonia deposits the ammoniac*! 
salt, Ni M S*0*.6NH* l as a blue powder, which crystallises from solution in warm aqueous 
in tabular prisms of a fine violet-blue colour \ it is decomposed by water* 
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Dithionate of Potassium, K*S-0 4 , prepared by decomposing the baric or man- 
ganous salt with an exactly equivalent quantity of potasaie carbonate (or the baric salt 
with pot&sjsic sulphate), separates on evaporation, in crystals which are permanent in 
the air, decrepitate when heated, and are resolved at hjgher temperatures into sul- 
phurous oxide and sulphate of potassium. It dissolves in 16 pts. of Cold and 1A pts* 
boiling water, but in insoluble in alcohol. (Heeren.) 3 

Dithionate of Rubidium, Rb*S*0® crystallises isomorphously with the potas- 
sium-salt, in hard glass y crystals, belonging to the hexagonal system, and exhibiting 
the combination ooP . coP2 . oP . P . 2 P2. Length of principal axis — 0*6307, Anglo 
P: P (terminal) - 146*46'; P:P (lateral) - 72® 8\ tPiccard, J. pr.Chein. 
lxxxvi. 449.) 

Dithionate of Silver, Ag*S 3 0 8 .2H 2 0.-~* Prepared by dissolving carbonate of silver 
in the aqueous acid, and crystallises in right rhombic prisms, permanent in the air 
(Heeren). By evaporating a solution of the salt mixed with sulphurous add, at a 
temperature not exceeding 5°, Kraut obtained it in large crystals containing 6 or 7 
at. water. Its solution in warm aqueous ammonia yields small shining crystals of the 
salt Ag*S' i 0 , .4NH 3 .H ! '0. (Rammelsberg.) 

Dithionate of Sodium , Na 2 S*0*.2H 2 0, prepared like the potassium-salt, crys- 
tallises by spontaneous evaporation, in large, transparent, right rhombic prisms per- 
manent in the air, having a bitter taste, eusily soluble in water, insoluble in alcohol 
(lloeren). It is optically biaxial and positive, and exhibits considerable dispersion, 
the angle of the axes being, in the air, for red light, 126° 25', for violet, 13$° 40'. 

Dithionate of Sodium and Silver, AgJfctS*0*.2H*0, is obtained by spon- 
taneous evaporation of a solution containing equivalent proportions of sodic and argentic 
dithionates, and reciystallisation, in large crystals, apparently isomorphous with its 
component salts, and exhibiting very distinct cleavage. They effloresce over oil of 
vitriol, but not in the open air. (K r a u t.) 

Dithionate of Strontium, Sr\S 2 0 6 .H 2 0, prepared like the barium -salt, forms 
hexagonal crystals, isomorphous with the calcium- and lead-salts, and indistinctly 
cleavable parallel to oP. The crystals are permanent in the air, easily soluble in water, 
exhibit negative double refraction, end strong dispersion. 

Dithionate of Thallium , T1*S 2 0®, is very soluble in water, and sepanitas in vi- 
treous tabular crystals, apparently isomorphous with tho potassium-salt. (O. W o r t h e r, 
J. pr. Chem. xci. 385.) 

The Dithionates of Yttrium, Erbium , and Terbium are crystallisable. 

Dithionate of Zinc, Zn"S*0 # .6H 3 0. — This salt is very soluble in water, and its 
solution rarely yields distinct crystals (Heeren). Its solution in warm, concentrated, 
aqueous ammonia deposits, on cooling, small prisms of tho salt Zn"S 2 0 - .4NIl*. 
(Rammelsberg.) 


Trithionic Compounds. 

Trithionic Acid, H*S*0®. Sulphuretted Hyposulphuric Acid . (Langlois, 
Ann. Ch. Phys. [2], lxxix. 77. — Pelouze, ibid . lxxix. 85. — KeBsler, Pogg. Ann. 
lxxiv. 250 A— 1 Thii acid, discovered by Langlois in 1842, is obtained as a potassium - 
salt: — I. By gently heating an aqueous solution of acid potassic sulphite with 
sulphur : 

6KHSO* + S* * 2K*S*0 - + K*S*O i + 3H*0. 

Acid aui- Trilltionale. Ilyi>o* 

phitr. sulphite. 

A saturated solution of tho acid sulphite is digested with sulphur for some days at a 
moderate heat, till the yellow colour at first produced has disappeared. Sulphurous 
oxide is then evolved, and trithionate of potassium is left in solution, mixed with 
hyposulphite and sulphate (the latter resulting from the decomposition of tho trithio- 
nate by heat). The warm filtered solution yields crystals of the trithionate, mixed 
with sulphur and a small quantity of sulphate: they may be purified by dissolving 
them in the smallest possible quantity of lukewarm water, ana leaving the filtered 
solution to crystallise by cooling. (Langlois.) 

2. By the action of sulphurous acid on hyposulphite of potassium : 

2K*S*0* + 3SO* - 2K*S*0* + S. 

A very concentrated solution of the hyposulphite is prepared by adding it to a mixture 
of 8 pts. water and 1 pt. alcohol, till the alcohol separates out ; and through this 
solution wanned to 26° — 30°, and kept in a state of concentration by frequent addition 
of the solid salt, sulphurous acid gas is passed, till the liquid turns yellow and smell* 
of sulphurous acid. The liquid then deposits a considerable quantity of crystals of 
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bach it becomes colourless, no longer smells of sulphurous 
1 vUh hyposulphite, and treated with sulphurous acidTwill 
^th«>0rbhiouate. To purify this salt, it is dissolved in water 
^‘solution, freed from sulphur by filtration, is mixed with eight 
'* pi of 84 per cent., then gently rihrmed, and left to crystallise 
Ju.Ch. Pliys. [3], xx. 162).— According to Rathke (Jahresb. 

. . . [solution of hyposulphate and acid sulphite of potassium, yields ■ 

▼ery pure crystal#' of 'the trithionate. Rathke has also observed that the solution 
which yielda these crystals is not precipitated, or' but very slightly, by mercuric 
cyanide at the boiling beat, whereas this salt forms an immediate precipitate in a 
solution of the crystals themselves, even when very dilute ; further, that the original 
■solution, if not too concentrated, does not deposit sulphur on boiling, whereas the 
‘ppdntion of the crystals themselves deposits it immediately. Hence Rathke concludes 
Tfoftt^the trithionate is not contained in the original solution, hut is formed only at the 
ait of crystallisation : this appears also to be the case in the preparation of the 
gXianglois’g method. — According toLangloi s,a solution of sulphide of potassium 
Nb used in the preceding mode of preparation, instead of the hyposulphite. 
>h&ncel andlDiacon (Compt, rend. lvi. 720) prepare trithionate of potassium 
^verting 2frt«. of potassic hydrate into acid sulphite, and 1 pt. into mono- 
then pouring the former solution, with agitation, into the latter : saturating 
I with Sulphurous acid, evaporating quickly in thin layers, and dissolving 
11 1: salt in water of 60° mixed with a little alcohol. The filtered solution, 
(its the trithionate in prismatic crystals. Its formation is represented 


4KHSO* + K’S + 4SO* - ' 3K 2 S»0® + 211*0. 



"filth tonic acid separated from the concentrated solution of its’ potassium -salt 
by precipitating the potassium with an equivalent quantity of tartaric, perchloric, or 
suicofiuoric acid, is a limpid inodorous liquid, having a sour and somowhat harsh and 
bitter taste. It is permanont in the dilute state; but on attempting to concentrate it 
in a vacuum over oil of vitriol, it begins to decompose, even at 0°,Qiulphurous oxide 
being evolved, sulphur deposited, and sulphurous acid remaining in solution: at 80° 
the decomposition takes place more quickly. By nitric , chloric , o^pdic acid , it is 
immediately converted into sulphuric acid; with separation of sulphur. When boiled 
wiih potash, it is converted, according to Kessler, into hyposulphite and sulphate of 
potassium, as shown by the equation : 


IFS’O* + 4KHO » K 2 S 2 O a ,+ K*SO* + 3H 2 0. 

According to Fordo s and Gt 6 lie, the products of the decomposition are hyposulphite 
and sulphite. 

The trithionateB M 2 S a O a and M"S b O®, are but little known ; they appear, however, 
to be all solublo in water, and are characterised by extreme instability. When heated 
to redness, or boiled With water, either alono or with addition, of the acid, they ar£ con- 
verted into sulphates, with evolution of sulphurous oxide and deposition of sulphur. 
Nitric acid and^ehlori no-water also quickly convert them into sulphates. 

A solution of silver-nitrate forms, in a solution of potassic trithionato, a whito 
precipitate, which gradually turns black. — Mercurous nitrate immediately forms a 
black precipitate, which after a while becomes perfectly white, and does not afterwards 
change colour on boiling. With a small quantity of morcurous nitrate, however, a 
permanently black precipitate is formed. — Mercuric chloride in small quantity produces 
a black ; in excess, a wliite precipitate. — Mercuric cyanide forma no precipitate at 
first, but after some time a yellow precipitate, which turns black gradually in the 
cold, immediately on boiling.— Cupric sulphate boiled with potassic trithionate pro- 
duces an immediate separation of sulphide of copper. 

Trithionate of Ammonium is produced, together with sulphate, by saturating 
dry ammonia-gas witl^dry sulphurous oxide, and dissolving the product in water. 

Trithionate of Barium , Ba'^O^IFO, is produced (according toKessler) by 
saturating the acid with carbonate of barium, and mixing the solution with a large 
excess of absolute alcohol. The salt then separates in shining lamina;. Its solution 
decomposes very easily, depositing sulphate of barium. 

Trit hionateof Pot assiu m, K*S s O*, prepared as above described, crystallises in - 
four-sided prisms bevelled with two faces. It has a slightly saline and bitter taste, 
and ib insoluble in alcohol. The aqueous solution is neutral, and is decomposed by 
heat into sulphur, sulphurous oxide, and sulphate. The dry salt decomposes in like 
’manner at 126“. According to Chancel and Jb i a c o n, it is converted by monotrulphide 
of potassium into hyposulphite, without separation of Bulphur: 

K*S*0* + K*S - 2K*S*0*. 
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Tbtrathionic Acid, IFS‘0*. Acid kypo&idfuriqui bisaffurS. (Fordoa and 
G&lis [1843], Ann. Ch. Pharm. xliv. 247. — Kessler, Pogg. Ann. Izxiv. 253.-~ 
Chancel and Diacon, Compt. rend. Ivi. 610 ; Jnhresb. 1868, p. 150.)— The salts of 
this acid are produced by the action of iodine on hyposulphites, thus : 

2Ba,"S 2 0* + I s = Ua'I* + Ba”S*<K 

The barium-salt is prepared by adding iodine, in small successive portions, to hyposiM' 
phite of barium suspended in a very small quantity of water ; after complete satura- 
tion, the crystalline pulp is digested with strong alcohol, which dissolves the iodide' 
barium and excess of iodine, and 


leaves the tetrathionnte in the form of a .IfhifRj 
powder, which may be purified by dissolving it in the smallest, possible quantify vfi 
water, and' leaving the solution to evaporate. (Ford os.) , v ^ ■< * 

A salt of tetnithionic acid is also produced by carefully adding sulphuric aci^pb a* 
mixture of hyposulphite and peroxide of lend or barium, according to fche\Aqua- 
tion: - *. VtX&f'"' 

2PbS 2 0* 4- PbO* + 2H*S0 4 - PbS 4 0« + 2PbS0 4 + 

further, by the action of peroxide of lead on pentathionie acid 

con): • 

4H*S 4 0* + 5PbO # - 6PbS 4 0* + 4H*0. *? ■ ’ ™ 

T etrath ion ie acid maybe prepared by decomposing the barium- or laacLs&lt 
with the exact quantity of sulphuric acid required. According to Kessler, the lead- 
salt is better adapted for the purpose than tho barium-salt, because the acid, in 
presence of strong bases, is apt to decompose, especially at tile moment of libera- 
tion, into trithionic acid and free sulphur. The lead-salt must, bo decomposed by 
sulphuric, not by sulphydric acid, as in the latter cu ho it would bo convert* d partly, 
or perhaps entirely, into pentathionie acid by the action of the sulphide of load pro- 
duced in the reaction. 

Tetnithionic acid is a colourless, inodorous, very acid liquid, of about tho same 
degree of sluliilily as dithionie acid. In dilute solution it may be boiled without 
decomposition, but in the concentrated state it is decomposed by heat into sulphuric 
acid, sulphurous acid, and sulphur. It is net decomposed by hydrochloric or dilute sul- 
phuric acid in the cold, but a moderately dilute solution, heated with hydrochloric acid, 
gives off sulphuretted hydrogen. When heated with nitric acid., it evolves off rod fumes, 
and deposits sulphur. — Chlorine converts it into sulphuric acid. 

The tetrathionateJ^M^S’O* and M"S 4 0® are all easily soluble in water, but 
insoluble in aloolfol, nnoBire precipitated from their aqueous solutions by alcohol. They 
are produced bitlier by sat uniting the acid with bases, or by double decomposition 
from tho lead-salt. Tho solutions cannot, however, for the most part bo evaporated 
without decomposition, tho tetrathionatea of the stronger bases being thereby con- 
verted into salts of acids containing a smaller proport ion of sulphur, and those contain- 
ing easily reducible bases being resolved into sulphide and sulphate. 

Tetrathionie acid and its salts form, with cupric sulphate, u brown precipitate after 
long boiling ; with igercnrous nitrate a yellow precipitate, which slowly blackens on 
boiling ; with mercuric chloride, by degrees, a yellowish precipitate, consisting of a 
compound of chloride and sulphide of mercury mixed with free sulphur; with mer- 
curic cyanide , by degrees, a yellow precipitute, which blackens slowly in tho cold, 
immediately on boiling ; with nitrate of silver, a yellow precipitate, which soon turns 
black. When tetrathionie acid is supersaturated in the cola with ammonia, no alteration 
is produced in it by the addition oTaminan iacal solution of silver-nitrate, or mer curie 
cyanide, or sulphydric acid (Kessler). This last reaction distinguishes tetrathion/j 
from pentathionie acid. It is further distinguished from pentathionie acid tw lot 
being decomposed by peroxide of lead ; and from all the other polythionic acids by the 
reaction of its potassium-salt with monosulphide of potassium, whereby it is converted 
into hyposulphite of potassium, with separation of sulphur; K*S*0* + K*S — 
2K*S*0* + S. (Chaucel^nd Diacon.) 

Tetrat hionate of Barium , B&"S'0‘.2H*0, may be prepared as.above described. 
According to Kessler, it is obtained in large tabular crystals, by mixing the aeneous 
acid with an equivalent quantity of acetate of barium, and adding absolute alcohol. 

Tetratkion ate of Cadmium, obtained by double decomposition, separates, on 
evaporation is a vacuum, as a very deliquescent mass. (Kessler.) 

Via. V. XT * 
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Tetrathionates of Copper. — The cupric salt has not been obtoin^llg—i 
form. Its Boipti^i^irhen concentrated in a vacuum, deposits a large 
shining scales, .ttmjat sulphuric acid and cupric sulphate remain in soln£^.---The 
cuprous afliLOqyO*, is produced by the action of hyposulphite of bariuintyi J®jpl£de& 
of copper. decomposes easily, even at ordinary temperatures, and still more when 
heated, into cupri& L ^|mkide and sulphuric anhydride : Cu 2 S 4 0® = 2Cu"S + 280 s . 
(Chancel and 

Tetrathi n {ferrous ), Fo' r S 4 O fl , is produced by the action of a ferric 
salt on ferrous hyposulphite : it is resolved on evaporation into ferrous sulphate, sul- 
phurous acid, and Bulphur. (For dos and G61ia.) 

Tetrathionate of Lead, Pb"S 4 0*.2H 2 0, cannot be crystallised by evaporation, 
but separates in shining needles, on adding alcohol to the mixed concentrated solutions 
Of plumbic acetate and tetrathionie acid. (Kessler.) ■* 

Tetrathionate of Nickel is obtained, as a deliquescent mass, by evaporating its 
.^elution in a vacuum. * 

r at hionate of Potassium, K 2 S 4 O a , is prepared by the gradual addUl^wodine 
IgP* iiniicent rated solution of potassie hyposulphite, till the reddish-brown eolottr becomes 
~ ph^BNDt The tetrathionate separates completely, and is dissolved in hot Water; the 
solution is then filtered from free sulphur, and mixed with alcohol till the precipitate 
at first formed slowly redissolves in the liquid. On cooling, the salt separates in 
large crystals. When tetrathionie acid is added to a concentrated solution of potassic 
acetate, the salt separates in a pulverulent form, in which state it is more stable than 
wh^th largo crystals. (Kessler.) 

Tetrathionate of Sodium is prepared like the potassium-salt, but requires largo 
quantities of alcohol to precipitate it from its nquoous solution. It molts in its water 
of crystallisation, when gently heated, with separation of sulphur and evolution of sul- 
phurous oxide. (Kessler.) 

Tetrathionate of Strontium, Sr"S 4 0*.6H 2 0, may he prepared like the barium- 
salt, but is not so completely precipitated by alcohol. It separates by spontaneous 
evaporation. in thin prisms, but is at the same time decomposed, for the most part, 
into sulphate of strontium, sulphurous acid, and sulphur. (Kessler.) 


Pentathionic Compounds. 

Pbntjltiiionic Acid, H a S a O". (Wackonrodor [1845], Ann. Ch, Pharm. ix. 
189. — Lenoir, ibid. lxii. 253. — Ford os and G6lis, Ann. Ch. Phys. [3], xxu. 66**— 
Kessler, Pogg. Ann. Ixxiv. 257. — Ludwig, Arch. Pharm. T2], lxxxv.fi. — Chancel 
and Di aeon, Compt. rend. lvi. 710.) — This acid is produced by the mutual action df 
sulphurous and sulphydric acids : 

6H 2 SO» + 5H 2 S - IFS ft O« + 0H 2 O + S\ 

To prepare it, Wackenroder passes sulphydric acid gas in excess through a satu- 
rated aqueous solution of sulphurous acid, filters, and digests the milky filtrate with 
slips of clean metallic copper, till it becomes clear — filters again — removes the dis-y 
solved copper by sulphydric acid, and drives off the excess of the latter by a gentle 
heat. The solution thus obtained is colourless, and destitute of odour; it may be 
concentrated, without decomposition, till it attains the specific gravity of 1*37. — 
Kessler passes sulphurous and sulphydric acid gHBes alternately through water, till 
the precipitatod sulphur forms a thick magma at the bottom of the vessel ; digests 
the filtered liquid with freshly precipitated carbonate of barium, to remove sul- 
phuric acid ; filters, aud concentrates the filtrate over a water-bath, till it attains a 
density of 1*25 — 1*3. The acid liquid thus obtained may be further concentrated, in % 
vacuum, to the density of 1*6 at 22°. 

According to Risler-Bon net (Pogg. Ann. cxvi. 470; Jahresb. 1861, p. 60), 
pentathionic acid is also produced by the reaction of zinc on sulphurous acid ; the 
zinc first dissolves in the acid, with evolution of hydrogen, which at the moment of 
liberation decomposes part of the sulphurous acid, yielding water and sulphydric acid ; 
and the latter reacts on the sulphurous acid, so as to form pentathionic acid: 

10H*SO S + 6H*S » 3H*S a O* + 12H*0. 

The solution exhibits the reactions of pentathionic acid as long as it retains five snl- 

} >hu rous acid, but the pentathionic acid is subsequently resolved into sulphuric acid, 
>y posulphuroUs acid, and free sulphur. 

Pentathionic add ft colourless and inodorous, and has a strongly add taste, 
inclining to bitter. It may be preserved unchanged at the temperature of 
but on attempting to concent rate it, by heating beyond the density of ^ 
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mm acid and Sulphur remain behind. It is not decomposed by sulpl 

addj Of by dilute Hydrochloric or sulphuric acid; the latter, however, wh 

‘^en^entrsdbed, decomposes it. By nitric acid,_ hypoclilorous acid, or chjprine, -it 


dric 


sulphydric acid and afterwards sulphurous acid being evolved, while 

- 1 -'' “™ J 1 suiphy- 

sr, when 

„ . _ chlorine, it is 

oxidised, and converted into sulphuric acid. Metallic copper and iron decompose it at 
the boiling heat, the former with evolution of sulphurous aeld and formation of 
sulphide of copper; the latter with evolution, first of Bidpfiyd Sfe j fcj d, then of sul- 
phurous acid, a portion of the latter also remaining in the liqufiSnfWackenroder). 

A moderately concentrated solution of pentathlon ic acid gives off a faint sulphurous 
smell when boiled, but does not evolve sulphurous acid gas except when highly 
concentrated ; on boiling it with hydrochloric acid, the odour of sulphydric acid is 
perceptible. On boiling the acid with solution of caustic potash, hyposulphite, sul- 
phate, and sulphide of potassium are formed. ’ (Kessler.) 

Xhs reactions of pentath ionic acid with euprio sulphate, mercurous nitrate , mercurio 
L 1 tdryjs* IBftfteri r cyanide , And nitrate of silber, are the same as those of tetrathionio 
i acid. ► Vflf3| ammon iacal nitrate of silver, however, it reacts differently. * 

When # solution of pentathionic acid is rapidly mixed with excess of ammonkfilflj 
the addition of an ammoniucal solution of silver-nitrate quickly produces a. brown 
colour, which gradually becomes darker, while sulphido of silver separates 1 from the 
liquid (Kessler). According to liisler-Bonnet, it produces an immediate black 
precipitate. An ammoniacal solution of mercuric chloride added to the same liquid 
gradually produces a black precipitate of sulphide of mercury ; and on the addition of 
sulphydric acid, a separation of sulphur takes place (Kessler). A recently pMf&red 
solution of pentathionic acid mixed with potash, decolorises a solution of indigo, 
(Hi slor- Bonnet.) > 

The pen t athionates have not been much examined. They are very unstable, so 
much so, that it is difficult to obtain them in the solid slate, in fact, the fifth atom 
of sulphur nn the acid appears to be retained by only a feeble affinity; and in pre- 
sence of a strong base, especially if the solution bo concentrated, this lust atom of 
sulphur is separated, and the pentathionic acid is reduced to tetrathionic acid, the 
salts of which have greater stability. Sometimes two atoms of sulphur hub given up, 
and trlthionic acid is produced. Kessler found that on mixing a solut ion of pentathionic 
acid of specific gravity 1*32, with alcohol of 06 per cent,, washing the precipitate 
with alcohol, and dissolving it in warn water, a considerable quantity of sulphur 
remained undissolvcd; «nd the solution mixed with alcohol yielded crystals, having the 
form and composition of potassic tetrathionate. 

The pentatliionateH of barium and lead are soluble in water, but cannot be obtained 
in the solid state by evaporation, even in a vacuum, decomposition taking place ns 
won as the solutions attain a certain degree of concentration. Lenoir, however, 
obtained the barium-salt, 13a"S s 0 8 .H*0, in definite crystals, by mixing the freshly 
prepareMqueous solution with strong alcohol. The salt then separated abundant ly 
m transparent silky prisms, which changed within the liquid to Larger and well-defined 
crystals. 

* *Pmtathionate of Potassium , K J S 4 O d , crystallises (according to Iiammolsbcrg, 
jJahresb. 1867, p. 136) in monoclinic prisms, exhibiting the combination ooP . [ qoP 3J . 
ot»Poo . +P . -P . + P3 . — P3. Axes a : h : c - 1 : 0*9285 : 1-2639. Angle b : c 
- 78° 45';odP : ooP (clinod.) ~ 96° 24'; +P: +P(clinod.) - 101° 38'; -P: -P 
(elinod.) « 112° 12'. 

BTJXPHTTR- ACID S, or StrLPBAVHYll&ZBXB. Names sometimes applied 
to the sulphides of the more electronegative metals (arsenic, antimony, &c.), which, in 
combination with the electropositive sulphides, form sulphur-salts. 

BtTLPHim-BASBS. The sulphides of the more electropositive metals, potas- 
sium, barium, copper, lead, &c. 

BULPKubet. Syn. with Sulphide (p. 482). 

BTOLPHtraXC ACID and AVHIDHXDl. See Sulphur, OxiDKS and Oxyobn- 
AOIDS OF (p. 669). 

I (p. 676). 

I (p. 620). 

BtnLPBTOODB AOXD and A3T 

OxTGEJf -ACIDS OF (p. 6 40). 

1 (p. 642). 

1 (p. 661). , 

„ Compounds analogous to oxygen-salts, composed of sulphur- 
uiriuod and stuphur-bases : eg., nUpharsenate of potassium, K*AiB\ 

K &c.' 



See Sulphur, Oxides akd 
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CAl . SULPHURYL— SUMBUL-ROOT. 

StrCP HTTKYLf SO 2 . The radicle of sulphuric acid and its derivatives. ' 

BVLZSEXTB. Syn. with strontianite, or native carbonate of strontium. (See 
Carbonates, i. 797.) 

8VKA<9S. The powder of the dried leaves of various shrubs and trees of the 
.genus Rhus (order Tcrebinthacece ), especially of Rh. coriaria and Rh. cotinus. It con- 
tains colouring-matter and tannin, and is used in dyeing and calico-printing, as a 
substitute for nut-galls, in the production of grey colours, and in Turkey-red dj'eing ; 
also for tanning the finer kinds of leather. According to Chevroul, it contains a 
yellow colouring-matter, which separates from a qpneentrated decoction on cooling, in 
smalL crystalline grains. It forms a yellow precipitate with solution of alum, and 
may, therefore, bo used for communicating a yellow dye to stuifs mordanted with 
alum. The decoction of sumach reacts strongly acid with litmus, gives a yellowish- 
white precipitate with stannous chloride, pale-yellow with acetate of lead, yellowish- 
brown with cupric acetate, and a blue flocculent precipitate with ferric chloride. 

BUS&BroAlIXXC ACID. A peculiar acid, contained (according to Rein sc h) 
together with angelic acid, in sumbul-root. 

SUMBUL-BALBAM. See Sumbul-root. 

BVMB1TLZO ACID. The name given by Rein sell to an acid contained in 
sumbul-root, which ho at first regarded as distinct from angelic acid, because its 
alcoholic solution is coloured blue by sulphuric acid; but, according to later experi- 
ments by Rieckher and Reinsch (Jahrb. pr. Pharm. xvi. 12), it does not exhibit 
this coloration when quite puro and free from sumbulamic acid, and must therefore 
he regarded as identical with aftgelic acid, with which it agrees in all other rospects. 

8VMBVLIBE. Tho name given by Murawioff to an alkaloid supposed to exist 
in sumbul-root. 

StIDffBUIi-OIZi. A mixture of volatile oils obtained by the distillation of 
sumhul-balsam. 

SVMBVLOLZC ACID. Syn. with Sumbulicj or Angelic Acid. 

BVMBUL-KOOT. Musk-root. The root of an umbelliferous plant, said to bo 
indigenous in Persia. It usually occurs in commerce, in rather largo cakes having a 
strong musk-like odour, and a faintly sweetish musklike taste, with aromatic burping 
aftertasto, like angelica and imperatoria root. Iioinsch found in 100 pts. of sumbul- 
root 13 pts. water, 12'9 balsam, 28*4 starch and salts, 8 gum, 4 colouring-matter 
soluble in alcohol, 7 bitter substanco, and b ash-constituents (containing a large 
quantity of pot as sic carbonate), besides mucilage, woody fibre, resin, wax, and traces 
of volatile oil not smelling of musk. 

According to Roinsch, tlio balsam extracted from the root by ether has' the colour 
and consistenco of copaiba- balsam, a burning tasto, and only a faint musk-like odour 
in the dry state, but gives out a strong odour of musk when in contact with water. 
Strong sulphuric acid dissolves it with fine blue colour. By dry distillation, the 
balsam gives off — first-, a yellowish oil tasting like peppermint ; afterwards a grass- 
green oil having the odour of cujeput, while the residue acquires an indigo-blue colour. 
On continuing the distillation, a blue oil passes over, which dissolves with blue colour 
in alcohol ; paper on which the solution is dropt, acquires a musklike odour after a 
few days. The oil is coloured green by cold potash-ley ; hot pot ash- ley dissolves it. 
The balsam dissolves in potash-ley, and, on adding water, a resinous mass separates, 
containing tho potassium -salt- of sumbulamic acid, which may be separated from it 
by dilute sulphuric acid. This acid is resinous at first, but is converted into ft 
crystalline mass by long contact with water; it is said to form an ether. Further 
investigation is required to determine how far this acid differs from sumbulic or angelic 
acid. 

Sommer (Arch. Pharm. cxxxviii. 1) has also investigated sumbul-root, but with 
somewhat different results. The extract obtained from the root by treatment with 
ether, gave, by distillation with w*ater, a very small quantity of a pale-yellow, neutral, 
volatile oil, which in tho concentrated state suiolt more like angelica-root, but in the 
dilute state more like musk. This oil is mobile and lighter than water, but resinises 
quickly in contact with the air, becoming viscid, darker-coloured, and acid. It dissolves 
in nitric acid 'with violet colour, soon changing to yellow ; by sulphuric acid it is turned 
brown, and carbonised. The balsam prepared with ether or alcohol yields by diy distil- 
lation (according to Sommer) one-thim of its weight of a greenish mobile oil, smelling 
like creasote; afterwards white fumes are evolved, which thicken to a blue oil (about 
one-third of the resin) ; finally, tarry products pass over, and a carbonaceous residue 



SUNDV1KITE— SYCOCBRYLIC ALCOHOL. 645 

is left The blue oil sometimes contains needle-shaped crystals, which likewise 
condense in the neck of the retort 

The blue oil is a mixture of several bodies ; it begins to boil at 150°, a pale- 
yellow oil then passing over ; at 200° — 280°, a light-blue, and at 285° — 325° a dark- 
blue oil passes over, at which latter temperature partial deeomposit ion .UkcB place. 
The blue oil has a peculiar, not very agreeable odour, is lighter than water, slightly 
soluble therein, easily soluble in alcohol and ether. Heated with nitric acid, it, yields 
oxalic acid. When distilled with potash, it gives off a neutral pale-blue oil, smelling 
like bergamot pears; ami tho residue, treated with sulphuric acid, gives off the odour 
of valerianic acid. The crystals obtained, together with tho blue oil, consist of umbel- 
liferone (y. t\). (Sommer.) 

Suinbul-root is said to cause trembling and weakness of the limbs, confusion of tho 
head, acceleration of tho pulse, increased heat, ami greater activity of the stomach. 
(Uandw. d. Chem. viii. 440.) 

StrB’SVXKXTS. A mineral from Kimito in Finland, allied to, and perhaps 
identical with, anorlhito. (Hammelsb* rg's Mineral etu'-mie % p. 693.) 

8VNSTOWE. Olignclaso from Tvedcstrand in Norway (iv, 198). 

BUPSH. A prefix synonymous with Feu (iv. 374). 

SUPERPHOSPHATE. Acid phosphate of calcium, prepared on tho largo scale 
for manure, by treating bones, eoprolites, &c. with sulphuric arid. 

StTRINAMINE. An alkaloid, occurring, according to Hut. ten schmidt (Mag. 
riiurm. vii. 287), in the, bark of (icojfroya inertni #. 

S UETU&BBAND. Fibrous lignite, so called in Icohuid, where it occurs in largo 
quantities. 

8USAKNITE, or SUZILBETSTB. A sulphato-carbonate of load having tins 
same composition as lesulhillito (27*6 percent. FbSO* ami 72 6 Pb<!O a ), hut crystal- 
lising in rhombohedral forms, derived from a primitive rhomboliediMti in which the 
length of the principal axis is 3*l( w >2 and li : li ^ 94°; it exhibits the faces — 2K, 
cx K, olt, and cleaves easily parallel to oR. Hardness — 2*6. Specific gravity « fi’66. 
Lustre resinous to adamantine. Colour white, green, yellow, and brownish-black. 
Streak uncoloured. It occurs in attached crystals at Leadhilts in Scotland, and at 
MuUUiwa iu tho Ban nut. (Dana, ii. 373.) 

BVANBEROITE. A mineral discovered by Ijolstrdm (Juhrcsh. 1864, p. 081), 
together with To/.ulite, on tho Horrsjdberg in Wcrm'land, Sweden, in cube-like rhomho- 
bedrons, resembling those of beudantite, and clearing parallel to tho teriiiiunl lace. 
Hardness — 5*0. Speeific gravity = 3*30. Colour pale red, or yellow. Transparent 
to translucent. Before the blowpipe* it becomes decolorised, and melts only in thin 
splinters. Tho pulverised mineral dissolves partially in strong acids, and the residue 
becomes incandescent when heated. Contains 17*32 per eon t. SO 1 , 17*8 !*'■■’()*, 37*84 
ABO*, 1*40 FeO, 0*0 lime, 12 84 N,n*0, and 6 80 water, with a trace of chlorine ; whence 
the formula is, perhaps, 2(2Ar"JlO a .Nn*SO l ) + (2ArHIO a .(VT* 2 O fi ), or, according to 
ItummeUberg {Mineralvhemie, p. 361), (jNiiK).£CaO) , .F* , 0* + (3A1W.2SO0 + 3H*0. 

8WAOA. Tho Thibetian name for borax. 

8WAMP-OSB. Bog iron-ore. 

8W1ETENXA. A genus of trees belonging to the meliaccous order. Tho bark of 
*S U'ietenia senegatensis, or Cail-c<dra , is used in Senegal ns a febrifuge. The bark of 
Stt\ fetsrifuga , indigenous in India, is tho Cortex Sty amid (P, which, according to 
Duneau (TrommsdorfTs Journal, iii. 257), contains a bitter principle, tannin, volatile 
oil, and resin. According to Over beck (Arch. Pharra. [2] lxviii. 271), tho bark con- 
tains an amorphous bitter principle, hut no base. 

BTCOOSXTUO ACZB. See the next art icle. 

8TCOOBXTLZO ALCOHOL. C l "H**0 - O. (Do laRue and Muller, 

Phil. Trans. 1860, p. 43 ; Chem. Soc. Qu. J. v. 62.) — This compound, homologous with 
benzylic alcohol ((FIFO) and cymylic alcohol (C l0 H M O), is produced by treating syco- 
eervHc acetate (infra) with sodium-alcohol, and purified by precipitation with water 
and crystallisation from ordinary alcohol. It forms very thin crystals, resembling 
caffeine, usually aggregated in masses like wavellite ; melts at 90° to a liquid heavier 
than water, and solidifies in the crystalline state on cooling ; after being strongly heated, 
it solidifies to a transparent glass, which becomes crystalline in contact with alcohol; 
distils partly und ©composed . — It is insoluble iu wait r t aqueous ammonia, and alkali* 
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SYCOCERYLIC ETHERS. 

It dissolves readily in ethylic alcohol: a hot saturated solution forms a semisolid 
mass of crystals on cooling; a solution in very dilute alcohol deposits, on cooling, 
a jelly, which afterwards becomes crystalline. Dissolves in ether, benzene, chloroform, 
and light mineral oil. 

Decompositions. — 1. Sycocerylic alcohol is but slowly attacked by boiling with 
dilute nitric acid : the dark-yellow resin formed after six hours, when washed and 
dried, and afterwards dissolved in warm alcohol, yields white and yellow crystals, 
easily soluble in aqueous ammonia and potash, and precipitable by alcoholic neutral 
acetate of lead ; probably a mixture of sycocerylic acid, C ,b H 28 0 3 , and n i t r o sy c o - 
eery lie acid. — 2. Moderately dilute aqueous chromic acid, boiled with sycocerylic alco- 
hol for eight hours, produces no sycocerylic acid : on one occasion, neutral thin prisms, 
probably of sycocerylic aldehyde, were produced. — 3. The alcohol dis- 

solves easily in oil of vitriol, forming a brown solution, from which water throws down 
a viscid resin ; no conjugated compound of sulphuric acid remains in solution. — 4. Sy- 
cocerylic alcohol is readily attacked by chlorine and bromine, and forms yellow crys- 
tals with iodhie. — 5. A solution of sycocerylic alcohol in benzene ovolves hydrochloric 
acid gas when treated with pentachloride of phosphorus at 60°. If, after the evolution 
of gas has ceased, tho remaining chloride of phosphorus be removed, and the benzene 
solution washed with water and aqueous alkali and evaporated, there remains an 
amorphous, greenish, viscid residue, easily soluble in ether and chloroform, but diffi- 
cultly soluble in alcohol. On one occasion crystals were also obtained. — 6. Potassium 
evolves hydrogen from melted sycocerylic alcohol, and becomes covered with a white 
crust, which, when heated till it melts, blackens and takes fire. — 7- Sycocerylic alcohol, 
treated with fused caustic potash, ovolves hydrogen without forming sycocerylic acid. 
— 8. With chloride of acetyl it forms acotate of sycoceryl, and with chloride of benzoyl 
benzoate of sycoceryl. 

BYCOCZSRTXiZC AX.DBHTDB. See the last article. 

8TOOCBRTUO ETHERS. (JDe la B ue and Mull or, loc. cit.) Sycocerylic 
Acetate, C 20 H 32 O* = C 2 H*(C ,H H* B )0 :i . — This ether is contained, together witlisycore- 
tin, in the rosin of Ficus rubiginosa from New South Wales (ii. 646). To obtain it, tho 
sycoretin is dissolved out of the resin by cold alcohol, and the residue is boiled with 
alcohol. The solution, on cooling, deposits crystals of sycocerylic acetate, mixed, towards 
the end of the crystallisation, with a small quantity of a flocculent substanco ; and by 
leaving the solution to cool to 40°, then straining off tho liquid, recrystallising tho 
solid residue from boiling alcohol, and treating the product at 30° with a quantity of ether 
not sufficient to dissolve it, tho sycocerylic acetate is obtained pure, while a neutral 
crystalline substance remains undissolved. Sycocerylic acetate is also produced by 
treating syoocorylic alcohol with chloride of acetyl. 

Sycocerylic acetate crystallises from alcohol, in thin laminae resembling cholesterin, 
and from ether in Hut six-sided tables. It molts at 118°— 120°, and solidifies below 
80° to a mass which is transparent at first, but afterwards becomes opaque and crys- 
talline. It distils unchanged; but when it is too strongly heated, the distillate smells 
rancid, and like acetic acid. It is brittle ; strongly electric when rubbed; neutral. It 
dissolves very easily in hot alcohol, and in acetic acid , acetone, chloroform, ether, benzene, 
and oil of turpentine . It is not precipitated by alcoholic neutral acetate of lead, or by 
aloholic acetate of copper . 

Hot dilute nitric acid converts sycocerylic acetate into a resin. The easily prepared 
solution in fuming nitric acid is precipitated by water in amorphous yellow flocks. It 
dissolves easily and without coloration in oil of vitriol ; the solution becomes brown on 
standing, and gives off traces of sulphurous and acetic acids ; water precipitates from the 
solution a hard substanco, fusible below 100°, difficultly soluble in alcohol, and easily 
soluble in chloroform and benzene. It forms resinous compounds with chlorine, bromine , 
and iodine ; tho last two, when added gradually to a warm alcoholic solution of the 
acetate, form crystals of a colourless bromine- or iodine-compound, which are deposited 
on cooling. It is not affected by boiling solution of caustic potash, but is decomposed 
by the fused hydrate, with liberation of hydrogen. — Sodium-alcohol decomposes it even 
at 96°, forming acetic acid and sycocerylic alcohol. 

Sycocerylic Benzoate, C*H«O a « Prepared by dissolving 

sycocerylic alcohol in chloride of benzoyl (no gas being evolved in the cold), and heating 
the solution as long as hydrochloric acid gas is given off. The crystalline mass formed 
on cooling is thrown into a warm aqueous solution of acid potassic carbonate, with which 
it is warmed for several hours. The rosin thereby separated, after washing with warm 
water and boiling alcohol, is dissolved in boiling ether, from which it is obtained in 
crystals. Boiling absolute alcohol dissolves only a trace of the crystalline substance, 
and deposits it again, on cooling, in small orystals recognisable under the micro - 
scope. It dissolves with difficulty in cold ether , and in all proportions in chloro- 
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farm and benzene, crystallising in prisms on evaporation. Sodium-alcohol decomposes 
it only on long boiling, with formation of sycocerylic alcohol and sodic benzoate. 

gyo OKSTnr. The resin of Ficus rubtginosa is resolved, by treatment with alcohol, 
into about 73 per cent, of sycoretin soluble in cold alcohol, 14 per cent, of sycocerylic 
acetate soluble in hot alcohol, and 13 per cent, of residue, consisting of caoutchouc, 
esand, and fragments of bark. 

On mixing the neutral pale-brown solution in cold alcohol with water, tho sycoretin 
is precipitated, and may be rendered colourless by repeated solution and precipitation. 
A saturated alcoholic solution deposits, in the cold, a small quantity of a crystalline 
substance, sycorotin in a purer state remaining in solution. Tho latter may be separated, 
by fractional precipitation with water, into two portions, the first, of which contains 
74*65 per cent. C and 10*11 H ; the second, 77*89 per cent. Cand 9*94 H. 

Sycoretin is amorphous, white, neutral, very brittlo, and highly electric. It melt* 
in boiling water to a thick, liquid, which floats on tho surface. Melts below 100°. 
Sycoretin is insoluble in water , dilute acids, ammonia , and aqueous alkali*. It is 
not precipitated from its alcoholic solution by neutral acetate of had, or acetate of 
copjMT. — Dissolves easily in alcohol, ether, chloroform, and oil of turpentine. (Do la 
ltue and Muller, loc. cit.) 

Sycoretin undergoes decomposition at a fow degrees above its melting-point, frothing 
up. and giving off water with a wax-like odour. When further heated, it melts quietly, 
and yields a distillate containing acetic acid and tar, charcoal being left behind.- It is 
attacked by nitric acid, and dissolved on boiling therewith ; water precipitates from tho 
yellow solution a slightly acid nit.ro-compound, which dissolves with dark colour in 
aqueous alkalis, and forms an explosive compound with potash. In this reaction a little 
oxalic acid is formed, but no picric acid. — Sycoretin dissolves in oil of vitriol with fine 
gm n colour, without forming Bugar : water throws down from the solution a brown 
precipitate, less solublo than sycoretin. — Caustic potash acts on sycoretin in the same 
way as oil of vitriol. 

BYEJrXTE. A rock allied to granite, and consisting essentially of a crystallo- 
granukir mixture of orthochise and hornblende, tho former being often more or less 
replaced by oligoclase. Q,uartz and mica also occur in syenite, giving it muro or less of 
a granitic character, while, on tho other hand, the occurrence of hornblende in granite 
renders it more or less sycnitic; in fact, the two rocks pass into one another by insen- 
sible gradations. In like manner the occurrence of rather largo crystals or masses of 
orthoelaso in syenite gives rise to transitions between that roek and porphyry ; and in 
other cases, tho alternation of layers of hornblendo with felspar produces syonitie slate, 
or (if mica is also prosent) syenitic gneiss. Titanitic syenite and zircon-syenite are 
syenites in which titanito and zircon occur imbeddod. 

STSPO O SIXTH. Native protosulphido of cobalt, Co"S, occurring at Syepoor, in 
North -western India, in steel-grey crystalline grains or masses, of specific gravity 6*45 
(i. 1050). 

8TBBDAXT8. A silicate, occurring in tho trap of Thore-gato, in the Syhedree 
Mountains, Bombay, in irregularly laminated masses, having a fino-grocn colour, vitreous 
lustre, hardness — 3*5, and specific gravity * 2 3*21. It gives by analysis 56*92 per 
cent. »SiO*, 15*06 A1*0*, 2*71 FeO, 6*45 CaO, 2*4 MgO, and 10*40 water, and theroforo 
approaches in composition to s til hi to (p. 433); but it differs from that mineral in 
colour, and in being less easily decomposed by acids. (Shepard mil Tyler, Sill. 
Am. J. [2] xl, 110; Jahresb. 1865, p. 891.) 

STIiVAXT. Native tellurium. 

BTLVAVZTB, Graphic Tellurium . Graphic Gold . Yellow Tellurium. Mnlhrile . 
Aurotdlurite. Schrifterz. Schrift tellur. Tellurc natif auro-argenfiferr. Anrum yra- 
phicum.— A telluride of gold and silver, sometimes also containing lend and antimony, 
occurring in narrow veins in the porphyry mountains of Offenbiinya and Nngyug, in 
Transylvania. I toon tains a large proportion of gold, and is a valuable ore. It forms 
trimetric crystals, mostly small ana needle-shaped, and grouped in such a manner that 
the combinations arc difficult to make out. The crystals frequently also cross one 
another at angles of 60° and 120°, probably in consequence of twin-formation ; and by 
a repetition of this grouping on the surfaces of rocks, triangular and rhombic figures 
arc produced, like oriental writing characters : hence the name, graphic tellurium. The 
primary form of the crystals is a rhombic prism having the angle o&P : oop = 110° 
48'; oP: Poe = 119 ° 26$'; and therefore a :b: c: - 1 : 1*4496 : 1*7721., The 
prism ooP is combined with oop2, ooPao , ooPao, oP , forming elongated prismatic 
crystals, the ends of which are modified by several pyramids and domes. Cleavage very 
distinct parallel to ooPoo , less distinct parallel to ooPoo . Tho* mineral occurs also 
imbedded in laminae and masses. 
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Hardness — 1-5 to 2. Specific gravity — 7*90 to 8*33. Lustre metallic. Streak 
and colour pure steel-grey to silver-white, sometimes nearly brass-yellow. Fracture 
uneven. Very sectile. Before the blowpipe, it melts easily, tinging the flame greenish- 
blue, covering the charcoal with a white oxide, and finally leaving a ductile metallic 
globule. It dissolves easily in nitric acid. 

The following analyses are by Pet z (Pogg. Ann. lvii, 472) : — a. Thin needle-shaped 
crystals: specific gravity =* 8*28. — b. Indistinct crystals: specific gravity = 8*28. — 
c. Long white crystals : specific gravity = 8*27. — d. Thick white crystals : specific 
gravity = 7 ‘99. — e. Short yellowish crystals : specific gravity » 8'33. — -f t g. Light 
yellow masses: 

Offer) banya. Nagy; iff. • 


Tellurium 

a 

b. 

c. 

d. 

e. 

/. 

K* 

6997 

58-81 

55*39 

48*40 

51*52 

44*54 

49*96 

Antimony 

0-58 

0-66 

2*50 

8-42 

5*75 

8*54 

3*82 

Gold 

26-97 

26*47 

24*89 

28*98 

27*10 

25 31 

29*62 

Silver 

11*47 

11*31 

14*68 

10*69 

7-47 

10*40 

2*78 

Lead 

Copper 

0*26 

0*76 

2*75 

2*54 

3*61 

8*16 

11*21 

13-82 


100 00 

ioo-oo 

160*00 

ioo-oo 

100*00 

100*00 

JoiFoo 


These analyses are most easily reduced to a formula on the hypothesis that the 
tellurium and antimony on the one band, and the gold, silver, and lead on the other, 
replace ono another isomorphously. On this supposition the whole of the analyses 
may be included under the general formula ( Au 2 ; Ag 2 ; Pb")(Te ; Sb)\ The composition 
of the mineral from Offenbanya is very nearly expressed by the simpler formula, 
Au a Ag 2 Te®, or Au 2 To s .Ag*Te s . This variety is sometimes specially distinguished as 
graphic tellur i um; and that which contains lead and antimony in addition, as 
white tellurium. 

8Y3«VXC ACID, C 20 II“0 2 . (Un verdorben, Pogg. Ann. vii. 311 ; viii. 40, 407 ; 
xi. 28, 230, 393 ; xiv. 116; xvii. 186, — Trommsdorff, Ann. Ch. Phann. xiii. 169. 
— H. Rose, Pogg. Ann. xxxiii. 42; liii. 374. — Lauront, Ann. Ch. Phys. [2], lxv. 
324 ; lxviii. 396; ixxii. 469; [3], xxii. 469. — Sievert, Zeitschr. f. die ges. JSatur- 
wipsonschaften, xiv. 311 ; Jahresb. 1859, p. 608. — Maly, Wien. Akad. 13er. xliv. 121 ; 
Jahrcsb. 1861. p. 389.) — This acid was discovered and investigated by Unverdorbon, 
but confounded by him and all later investigators (except Maly), with abiotic acid, the 
acid existing ready-formed in pine-resin. Owing to this confusion, it is not always 
clear which statements refer to abiotic and which to sylvic acid. Unverdorben, how- 
ever, seems to have oxaniined principally an acid prepared with sulphuric acid — • 
therefore sylvic acid. Laurent’s statements apply better to sylvic acid, though his 
method of preparation must have yielded abietic acid. 

Two acids found by Baup (Ann. Ch. Phys. [2] xxxi. 108) in French oolophony, Acide 
pinique and Acide abi&tique, as well as Lccanu and Busby’s crystallis'd acid from 
turpentine (J. Phiinn. xiii. 62), appear also to beloug to this head. 

Formation and Preparation, — 1. From Abietic Acid. An alcoholic solution of abietic 
acid is precipitated by dilute Bulphurie acid, and the hardened crystalline precipitate 
ia washed with alcohol, and afterwards crystallised from that liquid (Maly). — Sylvic 
acid is obtained also, together with sylvinolic acid, by passing hydrochloric acid gas 
into a solution of abietic acid in alcohol. (Maly.) 

2. From White Pitch, Colophony , <§c . — White pitch is allowed to stand, covered with 
an equal quantity of alcohol, till it. is completely saturated with the liquid, and until 
the turpent ine-like deposit formed at first has become crystalline. It is then collected 
on a cloth, triturated with a little alcohol, washed with that liquid on the filter, and 
afterwards dissolved in a small quantity of hot absolute alcohol containing sulphuric 
acid : the solution, on cooling, solidifies to a crystalline mass. Purification is effected by 
pressing the crystals, and repeatedly subjecting a hot alcoholic solution to fractional 
precipitation with hot water, whereby the less pure portions are thrown down first. 
The alcoholic solution mixed with a quantity of hot water barely sufficient to produce 
turbidity, yields large crystals on cooling. (Trommsdorff.) 

Laurent boils pi ne-reem with water to freo it from turpentine; extracts the pinic 
acid by means ut cold alcohol, and dissolves the residue iu boiling alcohol. On cooling, 
the solution yields crystals, which are freed from adhering oil by washing with cold 
alcohol, and rccrystallisation from boiling alcohol. Unverdorben, and likewise 
Trommsdorff and Sievert, employ similar methods. The product thus obtained is 
abietic acid. (Maly.) 

Long standing of the alcoholic solution reduces the yield of the crystals. (Sievert.) 

Properties, — Sylvic" acid forms colourless, transparent, tabular, rhomboidal prisma, 
with four-aided summits (Unverdorben) ; indistinctly crystalline masses, also triau- 
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gular laminae (Rob e ; Laurent). According* to Si evert, the crystals are combinations 
derived from a rhombic prism of 96° and 84°, having the acute lateral edges much 
truncated, and terminated by sphenoidal faces, developed to such an extent as com-* 
pletely to obliterate two faces of the prism. They are vitreous, brittle, and tri tumble 
to a white powder. 

Svivic sicid does not lose weight at 100°, or in a vacuum, and melts without loss of 
weight (Unverdorben) at 152*5°, but becomes quite fluid at higher temperatures 
(Trommsdorff). In a warm tube the crystallised acid, as well as that which has 
been previously fused, melts at 162°,* but when heated in a retort, it cakes together 
(partially at 118°, and completely at 150°), and melts to a thin clear liquid, which turns 
thick at 120°, viscid at 110°; and solidifirs to a glassy mass, afterwards melting par- 
tially at 13 5°, and completely at 155° (Si evert). Sylvie acid sublimes partially at 
170°, in a thin crust, which, when dissolved in alcohol, yields crystals of the unchanged 
acid; the residue turns dark- red at 240°, but does not boil even at 290° (Sievert). 
It distils without much decomposition, yielding a trace of water, and a colophony- 
like distillate, an alcoholic sol uf ion of which deposits crystals of unehangod sylvio 
acid, whilst the residue contains a trace of charcoal (Laurent). Inodorous and 
tasteless; reddens litmus. Rotates a ruy of polarised light to tho left, more power- 
fully than pimaric acid. Specific gravity — 1*1011 at 18°. (Sievert.) 

Sylvie acid is solublo in acetic acid. It dissolves very slightly in cold alcohol 
of 65 per cent., and in about 3 pts. uf the boiling liquid, from which it crystallises 
on cooling, a! tout r^th only remaining in solution ; in about 3 pts. of cold and 1 pt. of 
boiling absolute alcohol or ether, and is thrown down from the former solution by an 
equal quantity of water, as a scmitmnsparciit oil, which hardens to a crystalline solid 
on addition of more water, or on exposure to the air (Unverilor ben), Sylvie acid 
is soluble in 10 pts. of cold and in fibs of boiling alcohol of 92 per cent.; more freely, 
therefore, than pimaric acid (Sievert). It dissolves in act tic (titer, rock-oil , and oil 
of turpentine, without crystallising therefrom. (17 nverdorbou.) 

Decompositions. — 1. Sylvie acid submitted to dr// distillation {supra) yields water 
and empymimatie oil, then a little gas, followed first by a thinner and afterwards by 
a thicker oil, containing sylvic and pinic acids and a largo quantity of a neutral resin 
and oils. — 2. Nitric acid slowly decomposes sylvic acid, and dissolves it only on pro- 
longed boiling ; wat er throws down from the solution yellow flocks, soluble in ammonia, 
caustic potash, and alcohol. — 3. Oil of vitriol rapidly dissolves sylvic acid, forming a 
yellowish-brown solution, from which water precipitates unchanged sylvio acid and a 
large quantity of pinic acid. (Un verdorbon.) 

Syl votes, — Sylvic acid combines with bases, with elimination of water (TJnver- 
dorben; Laurent) — (contrary to Rose’s statement). It expels the acid from 
carbonates, and when melted also from succinates and benzoates, and from chloride 
of calcium ; but salts of sylvic acid dissolved in water are decomposed by boric and 
acetic, and by stronger acids, with precipitation of sylvic acid. The salts are ob- 
tained : — a. By dissolving the acid in the aqueous base. — J8. By precipitating an 
acetate dissolved in alcohol by means of ulcoholic sylvic acid, dissolving the preci- 
pitate in ether, and reprecipitating by alcohol, which retains in solution the excess 
of sylvic acid. — 7. By double decomposition. Some of the sylvates are enrstallis- 
ablo ; a few of them are soluble in water and alcohol, and all of them in ether. (Uaver- 
dorben.) 

St/lvafe of Ammonium is a viscid mass, more soluble in alcohol or ether than in 
water; decomposed by heat. — The barium- soft is precipitated from aqueous solution in 
crystalline flocks, soluble in 3,000 pts. of wuter, in 6 pts. of cold and a smaller quantity 
of boiling absolute alcohol, from which it is deposited in microscopic crystalline flocks 
on cooling (Un verdorbon). — The normal calcium- sal t, C^U^Ca'O 4 , is obtained by 
precipitating the potassium -salt with chloride of calcium, and a salt containing a 
smaller proportion of calcium is formed by precipitating alcoholic sylvic acid with an 
alcoholic solution of calcic acetate. (Sievert.) 

The cupric salt, C 4B H i8 Cu"0\ is obtained, in pab-blutf flocks, on mixing the alcoholic 
solutions of sylvic acid and cupric acetate. By dissolving this precipitate in aqueous 
ammonia, and leaving the solution to cool, or diluting it with water, the same salt is 
thrown down as a dark-blue mass, triturable to a pale-blue powder when dry. 
(Sievert.) 

The ferrous and ferric sails dissolve slightly in cold alcohol, easily in ether. 

* Lead-salt. — The precipitate thrown down by alcoholic sylvic acid from alcoholic 
plumbic acetate, is a white, amorphous, easily fusible powder, containing, on the ave- 
rage, 26*94 per cent, oxide of lead, agreeing nearly with the formula C 4# H* # Pb"0', 
which requires 26*17 PbO (Bose). Sylvic acid heater! to 168° with oxide of lead, loses 
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3*02 per cent. water; calculation from the same formula requires 2*97 per cent. 
(Sievert.) 

• The magnesium-salt dissolves in all proportions of alcohol of 65 per cent., and in 
absolute alcohol ; from the" latter solution, a double volume of water throws down a 
colourless semifluid salt, which dries up in the air to a transparent resin, and dissolves 
in ether and in mineral naphtha. — The manganese- and zinc-salts are soluble in absolute 
alcohoL 

Sylvates of Potassium . — «. The normal salty C 2 *H 39 KO*, is formed by boiling sylvic 
acid with 6 pts. of alcohol and with carbonate of potassium, and is deposited from 
the filtrate on cooling in delicate white needles, which may also be obtained by mixing 
the salt y with alcoholic sylvic acid (Unverdorben ; Sievert). It melts to a resin 
when heated ; dissolves very slightly in water, slowly in 20 pts. of alcohol, more 
freely in hot alcohol; abundantly in warm ether and oil of turpentine, and to 
a less extent in olive-oil (U nverdorben). — jS. An acid salt , C‘®H an KO , .3C a) H 30 O 2 , is 
produced by boiling alcoholic potash neutralised with sylvic acid, and solidifies, on 
cooling, to a crystalline mass, which may be purified by recrystallising and pressing. 
The same salt is precipitated from alcoholic sylvic acid by an alcoholic solution of 
potassic acetate. It forms fine silky tufts of delicate needles ; decomposes when boiled 
with water, three-fourths of the acid being precipitated, whilst the normal salt remains 
in solution (Si overt). — y. A sparingly soluble basic salt appears to be formed by 
dissolving sylvic acid precipitated by water in caustic potash, and adding more sylvic 
acid (Rose). Carbonate of potassium added to an ethereal solution of sylvic acid 
throws down a colourless amorphous salt. (Unverdorben.) 

Tho silver-salt t C'°H 2i AgO a , crystallises from alcohol in shining granules on spon- 
taneous evaporation. When boiled with potash and oil of turpentine, it behaves like 
pinate of silver. Dissolves in 15 pts. of cold, and in a smaller quantity of boiling 
alcohol, and instantaneously in ether, which takes it up from water when suspended 
therein. (Unverdorben.) 

Tho sodium-salt is obtained in crystals, by boiling alcoholic sylvic acid with excess 
of sodic carbonato, and cooling the filtrate. (Unverdorben.) 

Oxysylvic Acid (?)— -When an alcoholic solution of sylvic acid is left for some time 
exposed to tho air, or allowed to evaporate slowly, a viscid un cry stall i sable substance 
remains^ which melts over the water-bath, losing a little water, and forms, on 
cooling, a white brittle masB like colophony. This, according to Hesse (Ann, Ch. 
Pharm. xxix. 141) and II. Rose, is an oxysylvic acid; Hesse found it to contain 
(j*°H»°o 1 . Rose however, in one experiment, found that tho residue had the same 
composition as sylvic acid. 

BTLVIKS, or BTLVITB, Chloride of potassium, occurring in cubic crystals 
about the fumaroles of Vesuvius. 

STIlVXNOLXC ACID, C 2a H”0 4 . (Maly, Wien. Akad. Ber. [2], xliv. 121; 
Jaresb, 1861, p. 389.) — An acid produced, together with sylvic acid, by saturating an 
alcoholic solution of abietic acid with hydrochloric acid gas ; the sylvic acid then 
crystallises out, while the sylvinoiic acid remains in solution, and is precipitated 
therefrom by water, as a white flocculent powder, easily soluble in alcohol and in ether. 
On evaporating either of these solutions, the acid remains as an amorphous pitchy mass, 
which melts with decomposition at 130°. Sylvinoiic acid is dibasic. 

The potassium- and sodium-salts are uncrystallisable, soluble in water and in alcohol. 
—The calcium-salty C®*H**Ca"0\ is a flocculent precipitate. — The silver-salt, 
C»H* 4 Ag a 0 4 , is a pulverulent precipitate nearly insoluble in ammonia. 

SYMBOLS, OBBMSOAL See Formuue (ii. 695), and Notation (it. 136). 

8YKM0BF808XB. A name applied by Uiebig (Ann. Ch. Pharm. 255), 
to the kind of chemical metamorphosis which consists in the union of several simpler 
molecules into a molecule of greater complexity : e.g„ the conversion of 2 at. potassic 
cyanide and 1 at. ferrous cyanide into 1 at. potassic ferrocyanide, of 3 at. cyanic acid 
into I at. cyanurio add, &c. 

SYMPJLTHHTXO XML See Ink (iii. 272). 

SYMPHYTUM. A genus of plants, belonging to the order Poraginacees. J&. as - 
pem'mum contains, in 100 pts. of the fresh herb, 88 pts. water, 6 pts. matter soluble in 
water, 3*2 soluble in dilute potash, 2*6 woody fibre, and 2*3 ash free from carbonic acid. 
The ash contains, in 100 pts. : 31*3 K*0, 10 9 Na*0, 20-6 CaO, 1*2 MgO, 0*4 A1*0* 
17*2 SiO\ 3*9 SO* 11-4 P a O* and 31 CL 

The root of comfrey (& officinale) contains a large quantity of vegetable mucilage 
(C*H l9 O a , according to Sch m id t), and a small quantity of asparagine. 
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snmnxfs. A mineral supposed to be a ferrous arsenate, found at Lot* u- 
stein in Voigtland, in minute, monodmic, prismatic crystals resembling cobalt-bloom, 
cleavable parallel to the large lateral face. It has a greenish-blue colour and vitreous 
lustre, pearly on the cleavage-face ; hardness — 2 5 nearly ; specific gravity — 2*957 ; 
subtransparent to subtranslucent. Heated in a glass tube, it turns brown, and loses 
25 per cent, water. On charcoal it emits an alliaceous odour, turns black, without 
melting, and is afterwards magnetic. (Broit haupt, J. pr. Chem. x. 501.) 

8TNAVTHERZIT. See Sikistbik (p. 311). 

1IVAPTA8B. Syn. with Emulsin (ii. 486). 

8YNX>B8MXDB8. Laurent's name for the so-called conjugated compounds. 

8YVOVZA. A clear, yellowish, very viscid, alkaline fluid, found in the joints of 
animals, where it serves tho purpose of lubrication. It contains — water 94*85, albumin 
and extractives 3*51, fat 0*8, salts 1*00. (Frericha.) 

BY M THESIS, CBBMICAXii The formation of compounds by tho union of their 
elements or proximate constituents. On the synthesis of organic compounds, see 
Organic Chemistry (iv. 216); also Berthelot( Chimie organique fondhsur (a synth 
2 tomes, Paris, 1860; and Chem. Soc. Qu. J. xvii. 37). 

SYTTTOMriW (avvriivw). Musvh-Jihriju — This name was given by Liebig to a 
substance which can readily bo prepared from muscular or contractile tissues of all 
kinds. Muscle freed from blood, finely minced, and thoroughly washed in tho cold 
until tho wash-water no longer gives signs of the presence of albumin, is treated 
with tenfold its volume of diluted (*1 per cent.) hydrochloric acid, and left to stand for 
24 hours. The acid solution, after being strained and filtered, is carefully neutralised 
with sodic carbonate, and the resulting precipitate filtered off and washed. Tho 
operation should be carried on at a low temperature, and pushed forward as speedily 
sis possible, in order to avoid decomposition. 

Syntonin thus prepared appears on the filter as a whito, opaque, gelatinous mass, 
readily separating into flakes ami pellicles. Com position: C 64*06, II 7*28, N 16*05, 

0 21*60, H 1*11. It is readily soluble in very dilute hydrochloric acid, in feebly 
alkaline liquids (such as a solution of sodic carbonate), in baryta-water, and in lime* 
wetter. It is quite insoluble in solutions of sodic chloride, Ac., at all degrees of 
concentration. 

The hydrochloric acid (*1 per cent.) solution is not coagulated by heat, but the addi- 
tion in the cold of chloride of sodium, calcium, or ammonium, or of sulphate of 
sodium or magnesium, produces in dilute solutions a milky turbidity, in concentrated 
solutions a gelatinous precipitate, which on being boiled separates into flakes. The 
sodic carbonate (1 per cent.) solution is not cougulated by heat, but isrondored turbid 
in the cold by sodic chloride, or by a mixture of magnesian sulphate and chloride of 
ammonium ; the turbidity increases when the mixturo is boiled, and the froth formed 
contains opaque flakes. The lime-water solution is not coagulated by heat, but froths, 
fyicly; and the frofli contains flakes, which may bo separated on standing. Only a 
fraction, however, of the syntonin is thus, so to speak, coagulated. In the lime-water 
solution the chlorides of sodium, ammonium, and magnesium produce in the cold little 
or no turbidity, on boiling a more or less copious deposit ; sulphato of magnesium 
produces in the cold a slight turbidity, on boiling a flaky deposit ; sulphate of sodium 
produces not oven a turbidity, either in tho cold or on boiling. A lime-water solution, 
which has boon boiled and allowed to stand, still exhibits these reactions (Kiihne, 
Protopla&ma). From the alkaline solutions, syntonin may bo thrown down by a 
stream of carbonic anhydride. Although neither the alkaline nor the acid solutions 
are coagulated by beat, syntonin, when suspended in water and heated for a few 
minutes to 86°, is altered, and enters into an insoluble form. With strong acetic acid, 
svntonin forms a turbid gelatinous mass. A solution of syntonin in dilute hydro- 
chloric acid exhibits a specific laevorotatory power of 72° for yellow light. 

Although syntonin is most readily obtained from muscle, it may be prepared in 
many other ways. If ftbrin or coagulated albumin be treated with fuming hydro- 
chloric acid, the solution, filtered and diluted with twice its bulk of water, gives a copious 
deposit, which, when separated and dissolved in water, forms a solution identical in its 
reactions with an acid solution of syntonin. If a solution of potassic albuminate be 
precipitated with acetic acid, the washed deposit dissolves in hydrochloric acid of 

1 per cent., and the solution is undistinguishable from an acid solution of syntonin. The 
uncoagulated albumin of hen's eggs, treated with a sufficient quantity of *1 per cent, 
hydrochloric acid, forms a solution which, after 24 hours' standing, becomes uncoagu- 
lable by heat, and gives all the reactions of syntonin. In fact, all the forms of albumin 
treated with dilute hydrochloric acid, give rise, in a greater or less extent, to syntonin ; 
uud the pompeptone of Meissner, the initial stage of peptonifieation, cannot, by any 
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of its reactions, be distinguished from syntomn. Lastly, the alkaline solutions of 
syntonin seem in no way to differ from the solutions of ordinary potassic albumi- 
nate. 

Syntonin, therefore, is no special muscle-product, though it is more easily and 
speedily formed out of myosin than out of any other proteid substance. M. F. 

8TRZA. A red dye-stuff, occurring in commerce as a dark-red, tasteless, and 
inodorous powder, which imparts a red colour to water and alcohol, and bums with 
the odour of horn when boated. According to Vizey (J. Pharm. xxvi. 167), it con- 
sists of the incompletely exhausted residue of Coccus llicis, therefore for the most part 
of chitin, mixed with coccus-red. 

BTRINOA WKOARZS. Common Lilac. — The leaves of this plant contain, 
according to Dumonil (Trommsd. N. J. xi. 117), uncry stallisahle sugar. — Ludwig 
(Arch. Pharm. [2] xci. 289) found mannito in them, also in the young brunches. 
Bernaye and Kromayer (infra) found in the leaves, branches, and bark, a glueo- 
side called syringin. — Meillet (Ann. Oh. Pharm. xl. 319) obtained from the leaves 
and green seed-capsules, a cry still lisublo substance, which lie designates as liiacin \ it 
resembles syringin in all its properties, excepting in having a bitter taste, and being 
insoluble in water. According to Mulder (J. pr. Cliem. xxxii. 172), the waxy sub- 
stance contained in the loaves has the composition of ordinary wax. The odoriferous 
principle of the flowers may be obtained (according to Fa v ret, J. Chim, ni^d. xiv. 
21 2), by extraction with ether, as a viscid oil, composed of a waxy body and a mobile 
oil. 

aYSnrOBirnr. C^H^CP.H-O. — A substance obtained, together with fermen- 
table sugar, by warming syringin with dilute sulphuric or hydrochloric acid. It is 
deposited in viscid cohering flocks, and formB, after washing with water, a light rose- 
coloured amorphous mass, which becomes anhydrous at 100°, melts at 179° — 180°, is 
insoluble in water and in ether, dissolves with cherry-red colour in alcohol, and 
separates from this solution, on evaporation, as a light cinnamon-coloured powder, 
composed of transparent globules. It reacts with acids like syringin. (Kroma- 
yer.) 

STimrOIV. C ,fi H 48 0 ,0 .H 2 0. (Bernays, J. pr. Chern. xxv. 121.— Kromayer, 
Arch. Pharm. [2] cviii. 7; cix. 18, 216; exiii. 19; Jahresb. 1862, p. 481; 1863, p. 
592.)— This compound, discovered by Bern ays in 1841, and more completely investi- 
gated by Kromayer, occurs in tho bark of the lilac, more abundantly in March than in 
April, not in tho leaves or in the half-ripe fruit, and only in traces in the leaf-buds. 
It disappears as tho season advances, its place being apparently supplied by syringo- 
picrin (Kromayor). Ligustrin from privet-burk (iii, 694) is (according to Kro- 
raayer) identical with syringin. Meillet’ s liiacin (supra) is probably also tho 
same substance. 

To prepare syringin, the bark is exhausted with boiling water; the extract precipi- 
tated with basic acetate of load ; the filtrate treated with sulphydrift acid; and after re- 
moval of the sulphide of load, evaporated to a thin syrup, which solidifies in the course 
of a day to a crystalline pulp. This mass is purified by stirring it up with cold water, 
then pressing, and recrystallising it from boiling water, with aid of animal charcoaL 
The syringin dissolved in the wash-waters is obtained by evaporating the liquid, and 
agitating the residue with alcohol, which takes up tho syringin. (Bernays; 
Kromayer.) 

Syringin crystallises from alcohol in long, colourless, transparent needles, containing 
4*5 per cent. (1 at.) water, which thoy give off at 115°, leaving anhydrous syringin, 
C^H^O 10 , which melts at 212° to a colourless liquid, and solidifies on cooling to an 
amorphous, transparent, hard, friable, tasteless, neutral mass (Kromayer). Ligus- 
trin. from privet melts at 185° — 190°. (Kromayor.) 

Syringin dissolves sparingly in cold, easily in hot water ; it is soluble also in alcohol 
hut not in ether; it does not precipitate metallic salts. ^ 

Decompositions. — 1. Syringin, when heated, decomposes below its* melting-point, 
giving off an odour of caramel, and burning away. — 2. The aqueous or alcoholic solution 
of syringin acquires a fine dark-blue colour when mixed with an equal volume of oil of 
vitriol ; with a larger quantity of oil of vitriol, the colour changes to a beautiful violet, 
and the liquid on standing deposits blue, and on addition of water, grey-blue flocks, 
which dissolve with cherry-red colour in alcohol and in ammonia. — 3. When cautiously 
heated with fuming hydrochloric acid, it dissolves without coloration, but on boiling, 
the solution assumes a light violet-red colour, and deposits blue flocks.— 4. An aqueous 
solution of syringin through which chlorine-gas is passed acquires a red-brown colour, 
but after awhile becomes quite colourloss. At the same time an acid is formed, having 
a bitter irritating t&Stv, and assuming a dark- blue colour when mixed with ferric 
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chloride— 6. Syringin dissolves quickly in strong nitric acid, forming a deep blood- 
wl solution. * 

6. When aqueous syringin is heated with dilute hydrochloric acid, the solution 
becomes milky, and deposits adhering lumps of syringenin, whilst fermentable jmg&r 
remains dissolved : 

C l9 K*0 n + H*0 = C w H lf O» + C*H ,4 0*. 

100 pts. crystallised syringin yielded 6177 pts. air-dry syringenin and, on the average, 
41 pts. sugar (calc. 62*67 pts. hydrate of syringenin and 41*47 sugar: Kromayer). 

Syringin does not reduce either cuprate of potassium or nitrate of silver , and is not 
altered by alkalis . (Kroraaye r.) 

snxsroopzcmzir. This substance remains in the alcoholic mother-liquor from 
which syringin has crystallised, and may be extracted therefrom by animal charcoal. 
By treating the charcoal with hot alcohol (after washing it with warm water), a solu- 
tion is obtained, which yields by evaporation (after being again treated with charcoal) 
a yellowish bitter substance, which is soluble in water and in alcohol, but notin ether; 
is precipitated by tannic acid, but not by basic acetato of lead ; and docs not reduce an 
alkaline cupric solution till it has been boiled with dilute sulphuric acid. (Kro- 
mayer, loc. cit.) 

BTftVP. A concentrated solution of sugar. In the sugar-mnnufacturo, the term 
irj applied especially to the mother-liquor remaining after the cane-sugar has crystallised 
out. In pharmaceutical language, it is applied to solutions of sugar, either in pure 
water, in the decoction or infusion of any medicinal substanco, in vinous infusions 
or in pressed and fermented fruit-juices. 

BZ&JBB1.TXTE. A hydrated borate of magnesium, occurring imboddod, in 
rounded grains and microscopic needles, in the fine-grained limestone of the metallife- 
rous deposits of Rezbanya in Hungary, and remaining behind when the limestone is 
dissolved in dilute acids. Specific gravity of the needles ~ 2*7, of the grains =» 3*0. 
It gives off water when heated, but reabsorbs it after cooling. Before the blowpipe, 
it splits and swells up on the edges with strong incandescence, then melts to a tumefied 
and finally horny brownish-grey mass ; colours the flume red to yellow-red. In phqp* 
plmruH-salt it dissolves slowly to a clear glass, yellowish while hot, colourless after 
cooling ; in borax, after prolonged effervescence, to a clear bond having a faint reddish- 
grey colour, but. remaining colourless after exposure to the reducing flame. (K. F. 
I J oters, Wien. Aknd. Bcr. xliv. [2J 143 ; xlvii. [2] 3 17 ; Jahresb. 1802, p. 1029.) 

The following analyses by A. Stromoyor (Jahresb. 1863, p. 836), show that the 
composition of the needles is dMgO.UR'^OhJ 11*0, and that of the grains, 6Mg0.2B*0*. 


J1PO: 








B’O. 

MgO. 

Fu- O n . 

11*0. 

Cl. 

Quartz. 

Charroal 
amt MuO. 

Needles . 

36*66 

52*49 

1 66 

6-99 

0*49 

0*20 

trace - 88*49 

Grains 

34*60 

49*44 

3*20 

12*37 

0*20 

. . 

. . a 99*81 


BZXSZO. The Hungarian name of native sodic carbonate. 


T 

TABABHEE^. Hydrated silica, occurring in stony concretions in the joints of 
the bamboo. It resembles hydrophane, and when thrown upon water does not sink 
till completely saturated therewith. It is the least refractive of all known solidi, its 
index of refraction, for the yellow jay, being 1*115, Rost van Tonningen (Jahresb. 
I860, p. 631) found in tabasheeer from Java, 86*39 per cent, silica soluble in potash, 

0 42 ferric oxide, 0*24 lime, 4*81 potash, 0 51 organic matter, and 7*03 water. 

TABXXOXTS. A chloritic mineral from Ta.be in Werroland, Sweden; closely 
resembling diuoehlore in external aspect and in react Ions ; and containing, according * 
to S van berg (Berz. Jahresb. xx. 235), 35*76 per cent, silica, 13*03 alumina, 30*00 
magnesia, 6*34 ferrous oxide, 1*64 manganous oxide, 2*07 potash, 11*76 water, and 0 67 
fluorine. According to Hescloizeaux (Ann. Min. xi. 280), it is optically biaxial, 
like clinochlore, ana differs in composition from that mineral only in consequence of 
admixtures. 

TABUXtAB BfAlb WollastoniU, Native silicate of calcium, CVSiO*. (See 
SkL.lC4.TBS, p. 252.) e 
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TAOAM^HAO. Gwmmt Takamahah . — A resin formerly used for fumigation and 
for piasters. * There are two varieties of it : — a. West Indian tacamahac, from ha- 
phrium tomentomm, Jacq. (Fagara oertandra, L.) and E. excefoum, Kth., trees belonging 
to the order Bitrseracca, ana indigenous in Mexfoo, the West Indies, and South 
America. The resin exudes from the bark, and hardens on exposure to the air. I; 
forms reddish or brownish lumps, having a bitter aromatic taste, imperfectly soluble 

in alcohol and alkalis, perfectly soluble in ether and in oils, both fat and volatile. 

j8. The East Indian variety, from Calophyllum inophvllum , L. (according to Lindley 
from C, Calaha % L.), ah East Indi.an tree belonging to the order Clusiacea , is very rare. 
It is a greenish-yellow or orange-coloured, soft, resinous mass, which gradually hardens, 
has an agreeable lavender-like odour, and aromatic somewhat bitter taste ; melts 
easily, and dissolves completely in alcohol. 

TACHTAPBAKTZTS, A mineral discovered by W eibye (Pogg. Ann. Ixxxviii. 
160), at Krageroo in Norway, where it occurs imbedded in granite veins in the gneiss. 
According to Berlin, it contains 34*68 peT cent, silica, 38*96 zirconia, 12 32 thorina(?) 
3*72 ferric oxide, 1*86 alumina, and 8*49 water. It forms dimetric crystals, like those 
of zircon, being combinations of the prisms ooP and ooPoo with two octahedrons — one 
of 110° (terminal edge), the other of 60°. Cleavage not very distinct. Fracture 
conclioidal. Hardness = 6*62. Specific gravity = 3*6. Lustre submetallic to 
vitreous. Colour dark reddish-brown. Streak dirty-yellow. Subtranslueent, 
Heated in a tube, it gives off water with slight fluorine reaction. Before the blowpipe 
it becomes dirty-white, but docs not melt. In borax it dissolves with difficulty ; 
with soda, on platinum, it forms a dirty yellowish-brown slag. 

TACBVDRITE. Ca"Mg 2 CI a .12H 2 0 or Ca"Cl 2 .2MgXl 2 .12H 5; 0.— This mineral 
occurs in the saline deposits of Stassfurt, in roundish, yellow, transparent to translucent 
lumps, which are imbedded in compact anhydrite, and contain small crystals of the 
latter enclosed within themselves. It cleaves distinctly in two directions. Deliquesces 
■quickly when exposed to the air. 

TACHYXiYTS. Conclioidal Augite . — A silicate occurring in basalt on the Sasebiilil 
near Daansfeld in Hanover, and containing (according to Schn edormann) 65*74 
per cent, silica, 12*40 alumina, 13*06 ferroso-ferric oxide, 7*28 lime, 6 92 magnesin, 
3*88 soda, 0*60 potash, 0*19 manganous oxide, aud 2*73 water. It is amorphous, with 
conclioidal, even or uneven fracture ; black and opaque, with waxy lustre and dark- 
grey streak; brittle and somewhat magnotic; hardness = 6*5; specific gravity =■• 
2*565 — 2*593. Before tho blowpipe it melts very easily, and with intumescence, to a 
blistered, brownish -green, magnetic glass, and gives with borax the reaction of iron. 

Hyalomrlane , a mineral occurring in the porous basalt of tho Vogolsgebirge in 
Hesse, is usually regarded as identical with tachylyto, but according to HAusmann 
(Handb. d. Mineral, ii. *546), it is a distinct species. According to an analysisby C. Gr. 
Gmeli n (Pogg. Ann. xlix. 234), it contains : 

SiO*. TiO*. A1*0 3 . FeO. CaO. MgO. Na^O. K^O.* MnO. Wa *er and 

ammonia. 

60*22 1*41 17*84 10*26 8*25 3*37 5*18 3*86 0*40 0*50 « 101*29 

Nearly allied to it is a mineral from the Wetterau, likewise analysed by Gme- 
lin (Leonhard's N. Jahrb. f. Mineral., 1840, p. 549), which has a specific gravity of 
2*705, does not gelatinise with acids, and is not decomposed even by boiling with strong 
sulphuric acid ; also a scoriaeeous augite, described by D.L. O. Kars ten, and analysed 
by Klaproth ( Beiiriige , iv. 190), from a limestone deposit at Guiliune in Sicily. 
(Handw. d. Chem., viii. 467.) 

TJPUBi or Kousein , — A resinous substance, supposed to constitute the active 
pwwplejgf kousso-flowers (the flowers of Brayera anthelmintica). It is extracted 
the flowers with strong alcohol containing a little potash, and is obtained 
by evaporation as a resinous mass, or as & white powder having a bitter nauseous 
taste. It melts at about 100°, is nearly insoluble in water, soluble in 1300 pts. spirit 
of 46 per cent, at 17°, and in 12 pts. alcohol of 90 per cent.; it dissolves in ether in 
nearly all proportions, and with tolerable facility in alkalis, whence it is precipitated 
by acids, (Pavesi, Buchn. N. Iiepert. viii, 325— Bedall, ibid . 648.) 

TAOlUTa. * A basic cupric phosphate, Cu , P 2 0 , .Cu*H < 0 4 , from Nischne-Tagil sk 
(iv. 661)# 

TAOUAkelV UT« The fruit of Phytdephas macrocarpa, worked as " vegetable 
ivory.” 

TA4fOVft, A lead-glass containing ferric oxide, used in China as a red enamel 
colour on porcelain. 
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TAIGU WOOD— TALC* 

TAZOV WOOD. A wood from Paraguay, resembling guaiacnm-wood in appear- • 
AU ce and specific gravity. It has a greenish-brown colour when fresh; becomes covered, 
on exposure to the air, with a greenish-yellow crystalline powder ; and exhibits under 
the microscope yellow oblique prisms, together with shining, colourless, thin, six-sided 
tables : the latter are not altered by alkalis; the former, which consist of t&iguic acid, 
are reddened thereby. Strong boiling alcohol extracts from it 13*7 per cent, of a mix- 
ture of taiguic acid with resinous and waxy substances. The wood, after drying in 
hvdrogen-gas,.vields, when boiled with water, 57 per cent, of a gum-resin smelling liko 
benzoin, after which alcohol again extracts from it 2 '5 per cent, of resinous substance. 

TAXfiVXC ACIB, (Arnaudon, Cimento, vii. 37; Jahresb. 1858, p. 264.) — This 
acid, which occurs in the cold alcoholic extract of taigu wood {supra), is freed from 
admixed resins by repeated treatment with alcohol, and from waxy matters by other : 
the solution is then evaporated, and the residue dried : 100 pts. of the wood yield 2 pts. 
of the acid. 

Taiguic acid crystallises in oblique prisms having a fine yellow colour : it is tusteless 
and inodorous ; but when rubbed, emits an unpleasant odour, and becomes electric : it 
melts at 135°, and sublimes at 180°. It is but very slightly solublo in water, oven at tho 
haling heat (about 0*001) ; but when heated with water to 140° in a sealed lube, it 
dissolves in larger quantity, and crystallises on cooling. Acetone, .ethers, benzene, 
and strong alcohol dissolve it freely. It contains 70*9 per cent, carbon, 6*9 hydrogen, 
and 23*2 oxygen, agreeing with the empirical formula C 4 H 4 0. 

Taiguic acid unites with bases, forming cry stall isable salts, from which it is separated 
unaltered by the stronger acids. With the alkalis it forms easily soluble salts having 
a deep rod colour, the production of which is quite independent of atmospheric oxygen ; 
ht-neu taiguic acid forms a very delicate test for tho presence of alkalis. The 
neutral solutions of the alkaline t-aiguatos form, with neutral acetate of load, 
an amorphous scarlet precipitate, which, in contact with water, gradually becomes crys- 
talline and reddish-yellow ; it is slightly solublo in water, more soluble in alcohol, and 
is obtained in pointed crystals by evaporation of the alcoholic solution. — Nitrate of 
silver forms, in neutral solutions of the alkaline tuiguates, a cinnabar-coloured pre* 
cipitate, which is decomposed by exposure to light, is nearly insoluble in water audio 
ether, moderately soluble in alcohol, freely in ammonia. 

TAJLOtJSlAVZL Syn. with Nephrite (iv. 31). 

TAXiC. 4Mg'*0.5Si0*4H a 0. — This mineral occurs both crystallised and massive ; 
ihe massive variety is called steatite,* and was formerly regarded as a distinct 
species; but it has the same composition as crystalline talc. . - 

Talc usually forms lamellar crystals, which cleave perfectly in one direction, but 
mv too incompletely developed to admit, of an exact determination of their crystalline 
system; they arc, however, optically biaxial, and, besides the principal cleavage; exhibit 
also traces of cleavage in two directions obliquely inclined to one another. The crystals 
are of various sizes, forming plates, laminin, and scales, and are sometimes elougatod 
in one direction. They also occur aggregated, in crystallo-laminar, radio-laminar, or 
scaly* groups, which in larger masses oflun exhibit a truo slaty structure (talcoso slate). 
Tie* lamelhe are very flexible but not elastic, and unctuous to the touch. Talc is very 
soft, its hardness being, in fact, adopted as tho unit of tho scale. Specific gravity *» ■; 
- G to 2*8. It is colourless, white, grey, greenish-white and greonish-grey, apple-green, 
bek-green, and yellowish-white to yellowish-grey, transparent (in thin lam el 1») to 
merely translucent on the edges, and has a waxy lustre, nacreous on the perfect 
cleavage-faces. When heated before tho blowpipe, it glows brightly, usually exfoliates 
and bums hard (to a hardness of 6), but does not fuse ; with phofinhorus-salt it yields 
a skeleton of silica, and when moistened with cobalt -solution, ana ignited, ftjbeoomet 
palo-redL It is insoluble in acids both before and after ignition, ^ 

Compact steatite {Svrckstein of the Germans), which occurs massive, imSeddafln 
kidney -shaped and nodular lumps, also as pseudomorpha after quartz and dolomite, has 
an uneven to splintery fracture, a greasy feel, and does not adhere to the tongue. Its 
specific gravity and hardness are, for the most part, the same as those of talc i the hardness, 
however, is sometimes rather greater ( = 1*5). -It is white, grey, yellow, ted, gre6n f 
dull, opaque to translucent on the edges. When heated in a glass tube, it gives off a 
little water; before the blowpipe it does not melt, but bums to a degree of hardness 
sufficient to scratch glass ; when ignited with cobalt-solution, it becomes pale red* It 
is decomposed by boiling sulphuric acid, differing in that respect from crystalline talc. 

Pulstone, or Lapis of laris, is a coarse dark-coloured steatite, more or less impure. 

Pure talc, 4Mg”0.5Si0*.fH t 0, contains 32’ 14 per cent, silica, 82*22 magnesia, and 
4*94 water. The numerous analyses of the mineral in its several v a ri eti es exhibit but 

■ Hoirttonp (aW ©ailed steatite) li a mineral of different composition— rls* silicate of magnesium 
tnd dunliiiam (p. tH) 
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• slight deviation from this compomtitm—iht^ i&p about 8a to 64 per 
' 33 magnesia, and. 2‘S to S water, wltit S^0'Sjff7per teat. 
part of the magnesia, and occasionally small’ quantities of alumina, lime, fa , irikjf 
must be regarded as impurities. Some varieties Appear to be anhydrous, or to contain 
but very little water ; but this result is perhaps due to defective analysis, as the water 
is expelled only at a veiy strong red heat. (For the individual analyses, see Jtam- 
mels berg* s p. 517.) 

Talc is a very widely diffused mineral, some of its varieties (especially common talc, 
potstone, and steatite) forming extensive beds in regions of crystalline rocks. Apple! 
green talc occurs in TJnst, one of the Shetland Isles ; also.on the Greiner Mountain in 
Salzburg, and in the Valais, &c. Potstone occurs in the Valais and the Grisons, and at 
Wald in Styria. Extensive beds of steatite occur in various parts of the New England 
States — also in New Jersey, Pennsylvania, &c. 

Green talcose minerals occur at Fahlun in Sweden, and at Gastein in the Tyrol. A 
white, large-laminated, and radio-laminated talc from Fressnitz, in Bohemia, contains 
about 68 per cent, silica, *26 magnesia, 1*2 to 16 ferrous oxide, and 4*1 water. 
(Scheerer.) 

Slabs of steatite are extensively employed as firestones in furnaces and stoves. It 
may be turned in a lathe, and formed into tubes by boring. When ground, it is used 
for diminishing friction. It is also employed in the manufacture of some kinds of 
porcelain Venetian talc is used for removing oil-stains from woollen cloths, &c. 
(Dana, ii. 277.) 

TA&C, XNDURATSD. The harder varieties of steatite. 


TALC, WHITE, from China ; syn. with Aoa.lmatoi.ite (i. 60). 

TALC«ALVM. A term sometimes applied to magnesio-aluminic sulphate 
(p. 683). 


TALCA9ATZTB. A variety of apatite containing magnesia, occurring in six- 
sided crystals, grouped or single, in t he chlorite-Blate of the Schischimskan Mountains, 
near Slatoustin the Ural. According to Hermann (J. pr. Chem. xxxi. 201), it contains 
37*60 per cent, lime, 7*74 magnesia, 39 f 02 phosphoric acid, 2*10 sulphuric acid, 0*91 
chlorine, 2 23 fluorine (and loss), 1 00 oxide of iron, and 9*50 insolublo matter. The 
soluble portion may be represented approximately by the formula 3Ca i P a 0 8 .Mg 3 P 2 0"; 
but it is probably only an impure apatite, the magnesia being derived from the gangue. 

HALC-CBLORXTB. Syn. with Ctjnochlorb. 


r . VAXC-XRON-ORE. Maym stan Iron-ores Talkrisencrz,* Tessiranus magnerifer.— 
This name is applied by Breithaupt (Handb. d. Mineral ogic , iii. 778) to an iron-ore 
from the State of New York, consisting (according to Platt n er)of ferrous oxide with 
, £iuch magnesia, a somewhat considerable quantity of titanic acid, and a small quantity 
sf g? alumina, but no chromium. It forms cubo-octahedrons, fissured internally, but 
p;>xhi biting only traces of cleavage parallel to the cubic and octahedral faces. It is 
Opaque, iron -black with black streak, and nearly eemimotallic lustre. Hardness ™ 
6*0. Specific gravity ■* 4 - 0 to 4-6. Very slightly magnetic. Behaves before the 
blowpipe like titaniferous iron-ore. 

TALCMEAON8TOHE, TMeisenstein. — Breithaupt’ s name for a magnetic 
fgpli-ore frfcai Sparta in New Jersey, having the ferrous oxide partly replaced by mug- 
nbsia. t^sli ght ly magnetic, ami 1ms a density of 4*41 to 4*42. Allied to this is the 
magnssif$Kms magnetic^ ron-ore occurring in imperfect octahedrons in the slates of the 
Mourn* Mountains in Ireland, and containing, according to Andrews (J. pr. Chem. 
Ivin 376), 71-41 per cent. Fe # 0*, 21*69 F6*0, and 6*46 MgO.— Also Rammcfsberg’s 
magnoderrita from Vesuvius (iii. 784). 

‘ TAliC-ttAaiggT. TMgran at. Talkthmgranat. Magpeaian garnet from 

Aren diiin Norhiy («. Y72). 

t or V^JbMXVM* A mineral from Wicklow in Ireland, allied to nacrite 

This name was applied by Naumunn to the white laminated tale 
m Bohemia (supra). 

•XkATIL A dark slaty rock, having a somewhat greasy £&b 1, and 
of tal<v intimately mixed with felspar and quarts. 

l-bn. Syn. with Cxrapa-oil (ii 749). •< .■> 

%n oxychloride of coppdr, Ad to ataesmite, from the Botallack 
forms greenish-blue, thin, somewhat crystalline crusts, composed 
*^ J neas » 3/^ Specific gravity » 3*6. It is insoluble in water. 




easily soluble in dilute acids and inamfrrUiWttnrt turns green, with loss of water, at 100°. . 
It contains 66*24 per cent, cuprite ohldej U«68 chlorine, and 24*16 water ( « 101*76), 
besides traces of carbonic acid, arsenic alumina, and sodic chloride: whence the for- 
mula, Cu"Cl f . 4Cu"H*0*. 4H*0 (Church, Obetn. Soc, Q.u, J. xviii. 77). For atacamitSk; 
Church, calculates the formula Cu w tJP.3Cu M H : 'OMI‘ <f O. (Compare i. 429.) 

Another cupric oxychloride from the same mine, called botallmkitc , occurring in 
thin p&le mountain-green crusts, of specific gravity 3 6, was found to contain 66*25 
per cent CVO, 14*76 Cl, and 22*45 HO (« 103*22), whence tho formula Cu'Cl\ 

3 Cu" H j O * . 3 H*0 . A blue eupric oxychloride, also from the same mine, appeared, from 
a preliminary analysis, to consist of Cu"Cl , .6Cu''H i O J .6lDO. (Church, ibid. 212.) 

TALLOW. This name is applied to the harder and less fusible fats, occurring 
chiefly, though not exclusively, in the animal kingdom, the most common being beef 
and mutton tallow. The most solid of the vegetable fms are cacao-fat, from Theo- 
broma Cacao ; Chines© tallow, from the berries of StiHingia f eld f era ; myrica- tallow, from 
the berries of Myrica cerifcra (which, however, is rather a wax) ; virolti- tallow, from the 
■helled almonds of M grist ica stbi/era ; and piney-tallow, from the fruit of Valeria 
tndica. Cocoanut-fat is also frequently called a tallow, though it has rather the con- 
sistence of butter. (Seo the names of tho several plants in this Dictionary; also 
Guidin' * Handbook , xvi. 386 — 400.) 

Animal tallow consists chiofiy of stearin, palmitin, and olein, the stearin pre- 
dominating, but varying with tho species of tho animal (e t (j. t mutton and deer tallow 
are mostly harder and less fusible than beef- tallow), and with the nge, mode of feed- 
ing, Ac. The tallow is separated from the cellular tissue in which it is enclosed (the 
entire mass constituting suet) by melting. This operation is performed at the lowest 
possible temperature, and is much facilitated by tho addition of dilute sulphuric acid 
(1 pt. oil of vitriol and 20 pts. water to 100 pts. tallow). The molted tallow is white, 
if pure ; a less puro tallow, which has a yellowish colour, may bo bleached by exposure 
to light and air ; more rarely, the bleaching is effected by tho use of chemical reagents — e.p., 
by heating 100 pts. of the tallow with 1 pt. sulphuric acid and j pt. red chromate of 
potash, or 200 pts. tallow with 1 pt. nitric acid and 1 pt. oil of vitriol. 

Tallow, especially that of tho ox and sheep, is largely used for the manufacture of 
soap and candles ; m smaller quantity also in pharmacy. 


TA1KX GOLD, an alloy used for the manufacture of trinkets, contains, accord- 
ing to Sauer vein (Dingl. 1. clxx. 164), 86*4 per cent, copper, 12*2 zinc, 1*JL tin, 
und 0*3 iron. * *• . 

* f- . 

TA-X.OT T. The Chineaename for a glass flux, consisting chiefly of silicate of load 
with a little copper, used as ftfl enamel colour on porcelain. (Ebolmon and Sahr4tat» 
Aim. Ch. Phys, [3] xxxv. 344.) ... ^ 

TALTALITE. The name gi ven by D o m e y k o ( Jahresb. 1863, p. 8 1 5) to a. black 
or brown-black crystaliiie mineral from amine in the desert of Atacama, contain- 
ing 41*,') percent, OuO, 2*4 CaO, 0*8 MgO, 18*2 Al z O B , 11*3 Fo z 0 8 , 20*8 SiOV6*7 Cl, and 
26 loss by ignition («= 99 2). According to Ulox (ibid. 1865, p. 888), it is a fine- 
grained mixture of atacamite, malachite, red haematite, and culcspar, intersected by 
crystals of tourmalin. ^ ■ 

TAMABlUSfl. F met us Tamar indarum . — The pulpy mass contained the pods 
of Tamarindus tndica , a leguminous tree growing in the E|*t and Weirdies; in 
Egypt, and in Arabia. It has a faint vinous odour and aggeegbly acid tasUk Vau- 
quelin (Ann. Chim. ▼, 92) found in East Indian tamarinds, sugar, gum, peetic acid, 
ids* acid tartrate of potassium, and cellulose, &§li#$‘ 


malic, citric and tartaric acids* t 
did not find citric acid. According to Gorup-Beflanez (Buchn. Repcfc 
tamarinds likewise contain acetic and formic acids. ^ 

TAMAI trra. Chalcophyilite. ~ Copper-mica (in part).— A Basic 
occurring in r hom bohedral crystals, also foliated, massive, andjt&dr 
axis of rhombohedron «=» 2*6636. Angle R : R (terminal) .6#* 48* 

4'. Observed combination, oR . R, also with + 2R, — ^R, au<} »R. . w . 
perfect parallel to oR, which plane is sometimes triangularly striated* ^ 
2. Specific gravity w^2'4 to 5'66. Lustre pearly on the base, vitreous 


on thdlgher faces. Colour emerald- or 
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iOO>. P*0«v TuO. FeO. A1*0’, jj&V 

«. 21 . v 58 . . 21 a 100 

b. 11-51 . .. 41-45 2 9 2 3-93 3119 - lOO 

c. 19-35 1*29 52*92 . . 1*80 . . 23*94 -« 99-30 

d. 21-27 1-56 52 30 . . 2*13 22‘58 « 99*84 

These widely different results cannot be reduced to a single formula : 

a may be approximately represented by 8Cu(XAs 2 0M3H*0 = Gu l Afl , 0 8 .5CuH a 0*. 8aq 
c&ndd „ „ 8Cu0.As 2 0M5H*0 » Cu*A8 s O*.5CuH 2 O*.10aq 

b „ „ 8Cu0.As 2 0 5 .23H a 0 = Cu*Afl*0 8 .5CuH 2 0 2 .18*p 

The principal Cornish localities of this mineral are the copper mines of Tingtang, 
Huel Gorlana, and Huel Unity, near Redruth. It occurs also crystallised in iron-ore 
at Sayda in Saxony, in minute crystals at Herrengrund in Hungary, and at Moldawa in 
the Eannat. It is sometimes found altered to chrysocolla. 

TAMABZX. From the flowers of the French tamarisk ( Tamarix gallic a), a crys- 
talline iridescent substance may be obtained, by exhaustion with alcohol and evapora- 
tion (Lander er). The leaves contain a large quantity of potaBsic sulphate. T. laxa 
grows chiefly on the Kirgliis Steppe: 100 pts. of the young air-dried plant yield 33*7 
percent, ash, containing 12*5 per cent, sodic carbonate, 52*0 sodic chloride, 1*6 sodic 
sulphate, and 3*0 potassie sulphate, together with 38*8 pts. insoluble salts. (Gob cl.) 

Tamarix mannifera yields, m consequence of the puncture of an insect ( Coccus manni- 
ferus), a saccharine substance, the so-called Manna of Sinai , which is a yellow syrup 
containing 55 per cent, cane-sugar, 25 inverted sugar, 20 dextrin, &c. (13 or the lot, 
Compt. rend. liii. 583.) 

^AWITiLBBS, or Gong-gongs. — Chinese musical instruments having the form of a 
kettle-drum, and sounded by beating them with a stick covered with leather. According 
to Klaproth, they are formed of an alloy of 78 pts. copper to 22 pts. tin. According 
toGenth(Mitth,a. Geworbevereins, f. Hannover, 1869, p. 106), they consist of 80 per 
cent, copper and 20 per cent. tin. According to Julien (Compt. rend. xxiv. 1069), the 
Chinose alloy the copper for these instruments, and for cymbals, &c., with | pt. of 


FAOBTXO ACID* An acid said by Peschier (J. Chim. m&L iv. 58), to 
exist in the flowers of the common tansy ( Tanacctum vulgarc). It is crystalline, 
soluble in water, forms cry stalli sable salts with potash and soda, and precipitates the 
solutions of calcium, barium, zinc, lead, silver, copper, and mercury. 

yjJkWJ^CIITZSr. A bitter substance obtained from the leaves and flowers of 

, and 
paringly in 
r - -Stc, and is 

lipita^ed by plumbic, forric, and mercurous salts, not by tannic acid. (Fromberg, 
g. Mugaz. viii. 35. — Leroy, J. Chim. m«5d. xxi. 357.) 



TAITACBTUM VUIOABS. Tansy . — -The leaves of this plant contain vola- 
tile oil, a bitter extractive matter called tanacetin (. supra ), tannin, sugar, malic acid, 
other substances. The flowers contain tho same constituents, but are richer in 
iftl&tile oil, and (according to Peschier) they also contain tanacetic acid. The 
seeds contain volatile oil, fat oil, and a bitter substance. 

The volatile oil of tansy, obtained by distilling the leaves or flowers with 
water, has a specific gravity of 0 92 to 0*93, dissolves easily in alcohol of specific 
gravity 0-85, thickens on exposure to the air, dissolves in iodine, but is not sensibly 
acted upon by it. When distilled with chromate of potassium and sulphuric acid, it 
yhilth a volatile crystalline -body, having the composition of ordinary camphor 
(Per a os, Compt. rend. viii. 438; Vohl, Pharm. CentralbL 1853, p. 318). ft is 
decomposed ana dissolved by nitrio and by sulphuric ^cid. 

dll*AWf O. A plastic earth, occurring in Java, and used by the natives as 
food, afterbeing dried over a charcoal-fire. (Moh nike, J. Chim. m4d. iv. 58.) 

WJhfWHWWXA XKADAOASCABZBJVSIS, A shrub indigenous in Mada- 
gascar^ the kernels of which contain, besides fat oil and the ordinary plant-const!- ■ 
tuentifr a ^f^stallisable substance called tanghin-camphor or tanghinin. To 
substanoe, the almonds are freed from oil by pressure, then exhausted 
with ethWV:*nd the ethereal solution is left to evaporate. Tanghinin then remains 
behind^ shd lBigr be obtained, by solution in alcohol and spontaneous evaporation in 
colotudes^ .tSBlu^Mxit, shining scales, which effloresce on exposure to the air. It has 
a sharp bitter tAM^and afterwards produces a feeling of constriction in the throat. It 
melts to a resin #fcen jpntly heated, but is not volatile. It dissolves in acetic acid. 


TANGIWAf*P&— TANNIC ACID. 

without entering mta combina ttiim, and is coloured yellow by other ackte and by 
alkalis. The alcoholic solution forms white precipitates with lead-, mercury-, and 
silver-salts. Tanghinin is very poisonous, quickly producing fatal effects. 

TAirOXWAZTX. A variety ofuephrite from Tangiwai in Now Zealand. (Jahreab. 
1864, p. 351.) 

TAVXZTB. A mineral from Norway resembling chiastolite : specific gravity « 

2 936. (Breithaupt, Schw. J. 1829, p. 246.) 

TanAiFX9XO non). O ie H”O u (?). (Luck, Pharm. Centr. 1861, p. 667.) 
— An acid contained, together with pteritannic acid, in the root of the male fern 
( Aspidium FUut mas). The method of extracting these acids and separating them, 
with ether has been already described (iv. 745). Tho impure tannhspidic acid loft 
undissolved by tho ether is purified by solution in alcohol, and evaporation in a retort 
filled with hydrogen. 

Tannaspidic acid forms a black-brown, shining, amorphous mass, triturablo to a red- 
brown powder. It is insoluble in water, ether, oil of turpentine, and fixed oils, easily . 
soluble in strong alcohol, soluble also in warm acetic acid. The alcoholic solution 
evaporated by heat, in contact with the air, leaves n residue no longer soluble in alcohol. 
Strong sulphuric acid dissolves it, forming a dark-green liquid, which soon becomes 
bruwn-red on the surface. Nitric acid dissolves and decomposes it. With chlorine it 
forms substitution-products. 

Tannaspidic acid dissolves easily in potash or ammonia, forming a. dark-brown 
solution, which quickly absorbs oxygen, especially when wanned, acquiring a brown- 
rod colour : acids added to the latter solution throw down a black powder. The 
alcoholic solution of tannaspidic acid is precipitated by chloride of barium, chloride of 
calcium, acetate of copper, nitrate of silver, and chloride of platinum, — also, after 
addition of ammonia, by zinc-, mercury-, and tin-salts. Ferric chloride colours the 
alcoholic solution green, and on addilion of ammonia a green precipitate is formed. 
The solution of tannaspidic acid precipitates an alcoholic solution of isinglass, but not 
a solution of tartar- ometic. 

Ily treating the alcoholic solution of the acid with neutral acetate of lead, n precipi- 
tate is formed, which dries up to a black shining mass, containing on the average 43-4 
per cent, carbon, 3*6 hydrogen, 22 3 oxygen, and 30*60 plumbic oxide, agreeing 
vpproximatoly with the formula (3‘“II 2fl Fb"0 ,l l which requires 43*2 per cent. C, 3*6 H, 
22*2 O, and 31*0 PbO. 

Chloratannaspidic Acids. — When dry chlorine-gas is passed ovor dry tannaspidic 
arid, a substitution -product is formed, containing 2 at. chlorine, and yielding on tritu- 
ration a cinnamon-brown powder, having a fruity odour and sour astringent tAsto, 
soluble with brown colour in alcohol and aqueous alkalis, but insoluble in water, 
ether, oil of turpentine, and fixod oils. Tannaspidic acid suspended in water is con- 
verted by chlorine or by hypochlorous acid into a product containing 3 at. chlorine ; 
and the air-dried acid, treated with moist chlorine-gus, yields a product containing 4 
at. chlorine. 

Kt hyl~ tannaspid ic Acid.— The alcoholic solution of tannaspidic acid turns red when 
boiled with hydrochloric acid, and water added to the solution throws down a red sub- 
stance. v 

TAmoOKTSPZVZO AOZO. C^H^O 12 ? (Kawalior, Wien. Akad. Ber. 
xxix. 10.) — An acid resembling tho tannic acids, occurring, about Easter-time, in the 
bark of Scotch fir-trees from 20 to 26 years old. To prepare it, the bark is ex- 
hausted with alcohol ; tho extract left on evaporation is treated with water ; tho clear 
aqueous solution is repeatedly precipitated with neutral lead -acetate, a lead-salt 
mixed with resin then remaining m solution ; the clear solutions aro precipitated with 
basic lead-acetate; the washed precipitate is suspended in water, and decomposed by 
sulphydric acid; and the liquid is concentrated in a stream of carbonic anhydride. 
Tannecortepinic acid is then deposited in crusts, which yield by trituration a reddish- 
brown powder having an astringent taste. It is soluble in water, and the solution, 
warmed with sulphuric or hydrochloric acid, yields a red precipitate havingn early the 
same composition as the acid, together with a very small quantity of sugar. The aqueous 
solution of the arid mixed with ferric chloride, acquires a greenish, colour, changing to 
red-brown on standing, and afterwards deposits a blackish-green precipitate. 

TAnrBVXTB. A sulphide of copper and bismuth, Cu*8.Bi f S*, occurring at 
Tannenbaum, in the Erzgebirge (ii. 77); also, according to Domeyko (Ann. Min. 
[6], v. 463), in the mines of Cerro Blanco, near Copiapo, in long tin-white needles, 
intersecting copper-pyrites. Analysis gave 22*4 per cent sulphur, 62*7 bismuth, 20*6 
copper, and 4*1 iron (— tfM). 

VAvno ACZB, fASVar* These terms are applieif 4o certain substances 

' * jr n 2 



MO TANNIC 

occurring in the bark and other parts of distbigniBhed hr the f A u • 

characters. They are mostly amoi|>houfl,j!tave a slight acid reaction and W0 * u 
but not sour taste; colour ferric Sgjgp black- blue or green ; precipitate alh 
gelatin from their solutions ; and shite with animal membrane into u 
- reaiata putrefaction, namely leatheft» the skin then becoming banned ^1 
substances were formerly supposed to be identical with gallotannic acid (ii 
or to differ from it only in consequence of the admfzttfrsof foreign matters; but mm 
exact investigation has shown that most of them differ ’ in some essential properties 
from gallotannic acid , which indeed exists only in Turkish and Chinese gall-nuts, and 
in ordinary oak-apples. Of the other varieties of tannin, the most distinctly charac- 
terised aro caffe tannic acid (i. 709), catechutannic or cachoutannid acid (i. 817), 
morintannic acid or tannin of fustic (iii. 1049), quercitannic acid or tannin of oak-bark 
(v. 6), and tpiinotannic or cinchona-tannic acid (v, 30). 

The tannins may be divided into two groups — those which give black or bluo, and 
those which give olive-green precipitates with ferric salts; and Stenhouse has shown that 
most of the tannins which give bluish-black precipitates with ferric salts are gluco- 
sidos, being resolved by boiling with dilute acids into glucose and another substance, 
a property first pointed out by Strecker in the case of gallotannic acid, which yields 
glucose and gallic acid: * 

C»h k O ,t + 4H 2 0 - C 6 H 12 0 6 + 3CW; 

whereas, among those which give green precipitates with ferric salts, only one (namely, 
the tannin of willow-bark) appears to be a glucoside. 

Gallotannic acid submitted to dry distillation yields pyrogallic and metagallio 
acids, together with carbonic anhydride (ii. 765) : 

QvjpzQ*, a 3C"H 8 0 8 + C 8 H 4 0* + 3CO* ; 

Gallotannic Pyrogallic Metagallic 

acid. acid. acid. 

whereas all those tannins which turn ferric salts green, yield, by dry distillation, oxy- 
phenic acid or pyrocatechin, C 8 H 8 0 2 , which differs from pyrogallic acid by containing 
1 at. oxygen less (iv. 316). 

All tannins are remarkable for the avidity with which they absorb oxygen, especially 
in* presence of alkalis, being thereby converted into bodies of various colour — red, 
brown, black, and even green : c.g., gallotannic acid info tannoxylic or tannomelanic 
acid ; caffetannic acid into viridic acid ; quinotannic acid into cinchona-red, &c. 

Tannins occur ©specially in poronnial plants, but aro likewise found in annuals and 
biennials. They occur in the perennial roots of herbaceous plants, in the bark of 
most tree-stems, and in the foiing brunches of shrubs and other woody plants. They 
•re also found in the husks of fruits and seeds, and in unripe fruits, less frequently in 
the leaves, and least of all in the petals. According to Wahl on berg, they ore 
never found in the interior of the seexi, or in poisonous plants, or in such as contain 
caoutchouc or milky juice. 

Iron-blueing tannins are found in gall-nuts and oak-apples ; in the leaves, bark, &c. 
of the oak, poplar, birch, hazel-nut, and other trees ; the leaves of Arbutus Uva-um , 
Arbutus Un<do t and Ly thrum Salicaria ; the stalks of Ribes rubrum ; the bark of 
Comus mascula , and many other plants and vegetable organs. Iron-greening tan- 
nins occur in catechu, cinchona-barks, pines, and fir ; in the root of Orameria triandra, 
Rheum rhaponticum, PoUntilla tormcntilla ; in the bark of Salixtriandra and S.undn- 
lata , of Ainus glutinosa , Pin it# Larix, Rhizophora Mangle (the common black man- 
grove), and of many other plants. 

It. Wagner (Bull. Soc. Cliim. 1866, ii. 461) divides tannins into pathological 
tannins, found only in diseased vegetable tissues, such as gall-nuts and oak-apples; 
.and physiological tan nine, which occur in bark and other parts of plants in their 
ordinary state. Both kinds of tannins precipitate gelatin from its solution, but only 
the physiological tannins are capable of forming with it a true leather not liable to 
putrefy. . 

All varieties of tannin are precipitated by organic alkaloids. According to Wagn er, 

1 gramme of quercitannic acid requires for precipitation 0 3715 grm. of cinchonine ; 
and assuming that the tannins of sumach and other astringent substances form, with 
a solution ox sulphate of cinchonine, precipitates having the same oomposition,*1ift 
obtains the following results respecting the strength of various substances used in 
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* 466) has observed that the precipitation o£ 
tannin by gelatin is greatly facilitated by the addition' of sal-ammoniac, and he 
has applied the reaction to facilitate the volumetric estimation of tannin. For this 
purpose he saturates a graduated solution of tannin with sal-ammoniac, and deter- 
mines the number of cubic centimetres of a solution of gelatin required to precipitate 
a given quantity of the former. Ho then exhausts the substance to bo analysed with 
boiling water, and adds to the extract tho titrated solution of gelatin. The deposi- 
tion of the precipitate may be still further facilitated by introducing into the vessel a 
small quantity of pounded glass or sharp sand. 


TAinriGSV AMZC ACZD. Syn. with Galtamic Acid (ii. 769 ). 

TAmZNGSVIC ACZX>. Syn. with Catkchin (i. 816). 

TATOOMELAZrZC ACZS. C a H 4 Q\— This acid, discovered by Buchner 
(Ann. Ch. Pharm. liii. 373), who howevor assigned to it tho formula is 

produced by adding gallo tannic acid to boiling potash-ley of specific gravity V27* as 
long as effervescence is thereby produced. Tho liquid is kept in a state of ebullition, 
till a sample mixed with acetic acid remains clear on cooling, then supersaturated 
with acotic acid, and evaporated to drjness over the water-batli; and the residue is 
treated with strong alcohol, which dissolves acotato and gallato of potassium. Tho 
residue is dissolved in water, and the solution is mixod with acetic acid and acetate of 
lead, which throws down tannomelauato of load, in tho form of a black-brown powder 
containing (according to Gorhardt) 3C li H*Pb , '0 8 .2Pb''H 2 O 2 . Tannomolanic acid 
may be supposed to be formed either from gallic or from tannoxylic acid ( infra) : 
C T H # 0 4 + O - C*H 4 0 3 + CO 2 + IPG. 

Gallic acid. Tannonte- 

lanlc acid. 


C»H a O a 

Tannoxylic 

add. 


- C*H 4 O a + CO* + H*0. 

Tannnme- 
lanic acid. 


TAKNOPZC ACZD. C^H^O 14 ? (Ro chled er nnd Kawalier, Wien. Akad. 
Bcr. xxix. 22.) — A kind of tannin occurring in the needles of tho Scotch fir, gathered 
n bout Easter. The alcoholic extract of the needles, evaporated after addition of 
water, yielded a watery liquid together with resin. The liquid was mixed with neutral 
acetate of lead ; tho clear filtrate completely precipitated with that salt ; the washed 
precipitate drenched with dilute acetic acid ; and the filtrate precipitated with basic 
acetate of lead. The resulting precipitate, suspended in water and decomposed by 
eulphydric acid, yioldod a solution of tannopic acid, which was precipitated therefrom 
by sulphuric acid. This acid, in warm solution, oxidises readily in contact with tho 
air; whether it is thereby converted into oxypinitannic acid (iv. 319), and whether 
the same conversion takes place in the living plant, has not been determined. Tho 
acid is decomposed by sulphuric or hydrochloric acid, yielding a red easily deeom- 
posible product. 

TAWOZT&IO ACZD. Ruf tannic Add . — An acid produced by the oxidation 
of gallic 'acid under the influence of alkalis. Jt was discovered by Buchner 
(Ann. Ch. Pharm. liii. 369), who assigned to it the formula C 5 // 4 O* 1 or or, 

in the free state, perhaps 6 n3 ZJ®G ,t or According to G orhardt, its compo- 

sition and formation are better represented by tho formula 0*11 “O 8 . To prepare it, a 
moderately strong solution of potash is saturated in the cold with tannic acid ; and the 
solution, which soon turns red, is left to stand for some days till it Incomes dark-rod 
and nearly opaque. It is then precipitated with acef Ate of lead, the resulting brick- 
red precipitate is treated with hot acetic acid to dissolve undecomposed tan n ate of 
lead, and the tannoxylate of lead (8C > H l Pb , '0 i .3Pb"H*0*, according to Go rh ardt), 
which remains as a red precipitate, is decomposed by heating with alcohol and sulphuric 
acid. A dark-red solution of tannoxylic acid is thereby obtained, which on evapora- 
tion leaves the acid as a brown -red amorphous substance. It may be supposed to be 
formed from gallic acid by simple addition of oxygen : C r H # 0* + O — C , H g O # . 
(Gerhardt.) 

TAVST. VvLOJLRB (p. 668). 

TAVTAUtTB* Native ferrous tantalate. See TAjrrxxjLTaa (p. 666). 
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TAMVa&U**, Atomic weight, 1B2. Sgmbbi, T*. (Ekebe rg t G&8P* hAO cn. 
1803, Bd. i. — Berzelius, Fogg. Anti. iv. 0.— •‘Wohler, ibid, xlviu. 91,-rOBL Bose! 
ibid, lxiii. 317 ; Ixix. 118; lxx. 137; lxxiv. 85, 285; xc. 458; xcix. 65; Jahresb 

1856, p. 366; 1857, p. 176 — Hermann, J. pr, Chem. lxv. 81 ; lxx. 193; Jahresb! 

1857, p. 175; 1858, p. 149; BtutfBoc. Chim. 1866, ii. 22. — Blomstrand Jahresb! 
1865, p. 195; Bull. SoC. Chim. 1866, ii. 27. — Marignae, ibid. pp. Ill, 118.) 

This metal was discovered in 1802, by Ekeb brg, ip two Swedish minerals, tantalite 
and yttrotantalite. A very similar metal, Columbia pi* had been discovered in the 
preceding year by Hatchett (Crell’e Annalen. 1802, i. 197, 257, 352),in columbite from 
Massachusetts; and Wollaston, in 1807 (Gilb. Ann. xxxvii. 98), on comparing the 
compounds of these iftetals, concluded that they were identical, an opinion which was 
for many years received as correct ; but their separate identity has been completely 
established by the researches of H. Bose (commenced in 1846), who gave to the 
metal obtained from the American and Bavarian columbites the name Niobium (iv. 
48), by which it is now universally known. More recently, M a r i gri a c has shown that 
nearly all tantalites and columbites contain both tantalum and niobium orcolumbium; 
some tantalates from Kimito in Finland being, however, free from niobium, and some 
of the Greenland columbites containing only the latter metal unmixed with tantalum. 

* In all these minerals, tantalum exists as a tantalate of iron and manganese ; yttrotan- 
talite is essentially a tantalate of yttrium, containing also uranium, calcium, iron, and 
other metals. Tantalum is also contained in some varieties of wolfram. 

Metallic tantalum is obtained by heating the fluotantalate of potassium or 
sodium with metallic sodium in a well-covered iron crucible, and washing out the 
soluble salts with water. The reduced metal thus obtained is not quite pure, being 
more or less contaminated with acid tantalate of sodium, the quantity of which may ( 
however, be diminished by covering the mixture in the crucible with chloride of po- 
tassium. 

Tantalum is a black powder, which (according to H. Rose) is a good conductor of 
electricity, and, after ignition in a stream of hydrogen, has a specific gravity of 1 0*78. 
When Jieated in the air, it burns with a bright light, and is converted, though with 
difficulty, into tantalic oxide. It is not attacked by sulphuric, hydrochloric, nitric, or 
even nitromuriatic acid. It dissolves slowly in warm aqueous hydrofluoric acid, with 
evolution of hydrogen, and very rapidly in a- mixture of hydrofluoric and nitric 
acids. 

Tantalum in its principal compounds is pentatomic, the formula of tantalic chlorido 
being TaCl 5 , that of tantalic fluoride TaF 5 , and that of tantalic oxide (which, in com- 
bination with bases, forms the tantalatos) TuO 5 . There is also a tantalons oxide having 
the composition TaO a , and a corresponding sulphide, TaS*. 

TANTALtTM , B&OMtXDll OF, probably TaBr 5 . — Prepared, like the chlorido, 
by passing bromine-vapour through a tube filled with a mixture of tantalic oxide and 
porous charcoal. It is usually coloured yellow by excess of bromine, from which it 
cannot easily bo freed. 

TANTALUM, CBLORIDI 01% or TANTALIC CHLO&XSR, TaCl 5 .— 
Tantalum is not attacked by chlorine at ordinary temperatures, but, when gently 
heated in a stream of the gas, it is converted, with incandescence, into tantalic 
chloride, which distils off. 

The chloride is prepared by passing chlorine-gas over a heated mixture of tantalic 
oxide and charcoal. Tantalic oxide is mixed with starch or sugar, and the mixture com- 
pletely charred by ignition in a covered crucible. It is then introduced in small pieces 
into a glass tube, which ib strongly heated by a charcoal-fire, while a stream of diy car- 
bonic anhydride is passed through it. As soon as all the moisture is expoll ea, the 
tube is left to cool, the flow of. carbonic anhydride being still kept up ; the carbonic 
anhydride apparatus is then replaced by a chlorine apparatus, and the tube again 
heated, after the carbonic anhydride and atmospheric air nave been completely expelled 
by the chlorine. Chloride of. tantalum is then obtained in the form of a sublimate 
having a pure yellow colour. If, however! the tantalic oxide contains tungstic oxide, 
the colour of the sublimate is red ; and if stannic or titanic oxide is present, yellow 
drops of liquid chloride are also produced. (H. Rose and R. Weber, Ann. Ch. Pharm. 
lxxxviii. 246.) , 

Tantalic chloride begins to volatilise at 144°, and melts to a yellow liquid at 221°. 
Its vapour-density, at temperatures between 350° and 440 5 , is equal to 12*42 
(Deville and T roost, Bull. Soc. Chim. 1866, ii. 120) ; agreeing very nearly with the 

density calculated from the formula TaCl 8 , namely 12*46 (• iSt A. — I*. x 

0*0093). 



TANTALUM: DETECTION AND ESTIMATION. 663 

Tantalic chloride is decomposed by water, yielding hydrochloric and tantalic acids, 
but the decomposition, is not complete even at the boiling heat; water containing * 
small quantity of ammonia decomposes it, evsn at ordinary temperatures. — Potash 
decomposes it, but not completely ; carbonate of potassium does not affect it, even at 
the boiling heat. — Hydrochloric acid dissolves tftht^jUc chloride at ordinary tempera- 
tures, forming a turbid liquid, which gelatinises after a while ; the jelly yields to cold 
wator only traces of tantalic acid. Boiling hydrochloric acid dissolves tan tali c chloride 
incompletely, and the liquid does not gelatinise.— Strong sulphuric acid dissolves the 
chloride, at ordinary or slightly elevated temperatures, with evolution of hydrochloric 
acid, forming an opaline liquid, which becomes very turbid at the boiling heat, and 
solidifies to an opaline jelly on cooling. — Ammonia-gas converts tantalic chloride, at a 
red heat, into nitride of tantalum. (H. Rose.) 

TAVTA&m, DXTBOTZOH AND ESTIMATION OF. 1. Blowpipe 
Reactions. — Tantalic oxide, fused with borax, either in tho outer or in the Inner 
flame, forms a transparent glass, which however, if the quantity of tantalum is some- 
what large, may be rendered opaque by interrupted blowing or flaming, but recovers 
its transparency by long exposure to tho continued blast. A very large quantity of 
tantalic oxide renders the glass opaque. — With microcosmic salt it forms, in either 
flame, a clear colourless glass, which does not turn red on addition of a ferrous salt, 
— With sodio carbonate it produces effervescence, but doeu not fuse into a boad or 
undergo reduction. 

2. Reactions in Solution. — The tantalutes of the alkali-metals are soluble in 
water (p. 666). — Hydrochloric acid, added in excess to the solutions, first precipitates 
tantalic acid, and then rcdissolves it, forming a slightly opalescent liquid. — Sulphuric 
arid also precipitates the tantalic acid, but does not redissolve it when added in excess. 

Carbonic acid gas, passed through the solution of an alkalino tantalate, precipitates 
the wholo of the tantalic acid in the form of an acid salt. — Chloride or sulphate of am- 
monium also precipitates tho tantalic acid from those solutions, in tho form of hydrate 
mixed with small quantities of ammonia and tho fixed alkali. Tho prosonco Of carbo- 
nate of potassium or sodium prevents tho formation of this precipitate at ordinary 
temperatures ; but. it then appeals aftor Tailing for some time. Sulphide of ammonium 
produces no precipitate. — Chloride of barium or calcium, forms a precipitate of tantalate 
of barium or calcium, insoluble in water nnd in ammoniaoal salts. — Nitrate nf silver 
forms, in the solution of a neutral alkalino tantalate, a white precipitate, which ia 
turned brown by a small quantity of ammonia, and dissolves in a larger quantity, A 
solution of basic mercurous nitrate forms a yellowish-white precipitate, which turns 
black when heated. — Ferrocyanide of jtotassium, added to a very slightly acidulated 
solution of an alkaline tantalate, forms a yellow precipitate ; ftrricyanide of potassium, 
a white precipitate. — Infusion of galls, added to a solution of an alkaline tantalate 
acidulated with sulphuric or hydrochloric acid, forms a light-yellow precipitate, solu- 
ble in alkalis. — Zinc, immersed in the solution of an alkaline tantalate acidulated with 
hydrochloric acid, does not produce any blue colour; neither is that colour produced, or 
but very faintly, on addition of sulphuric acid. But if chloride of tantalum be dis- 
solved in strong sulphuric acid, and then water and metallic zinc added, a fine bluo 
colour is produced, which does not change to brown, but soon disappears. Tlio blue 
colour is also produced on placing zinc in a solution of tantalic chloride in hydrochloric 
acid to which a small quantity of water has been added ; too much water, however, 
prevents its formation. 

Theso characters aro sufficient to distinguish tantalum from all other metals. From 
niobium, which it most resembles, it is distinguished by the behaviour of tantalic 
oxido before the blowpip, especially with microcosmic salt; (2), by the reactions of 
the soluble tantalates with hydrochloric acid, sal-ammoniac, ferrocyanido nnd ferrirya- 
anide of potassium, and infusion of galls.* — From, titanium it is distinguished by 
the behaviour of the oxides before the blowpipe; by tho perfect insolubility of tantalic 
oxide in strong sulphuric acid aftcrfgnition ; and by the fact that when tantalic oxide 
is fused with acid sulphate of potassium, and the mass treated with cold water, the tan- 
talic oxide remains undissolved in combination with sulphuric acid, whereas titanic 
oxide similarly treated yields a fused mass, which dissolves completely in a considera- 
ble quantity of cold water, provided the fusion has been sufficiently prolonged. — From 
silica, tantalic oxide is distinguished by its behaviour before the blowpipe, silica 
being insoluble in microcosmic salt, and fusing to a transparent bead when heated on 
charcoal with a small quantity of sodic carbonate. The behaviour of tantalic oxide with 
sine, with tincture of galls, and with hydrofluoric acid, also distinguishes it from silica* 

• Bee vol. i*. pp. SO, 51.— The n labour oxide sad niobHes there mentioned ere the com pound# now 
celled nlobfe oxMe'enct trtobatH, Hsrtgnec haring shown that there t* only one oxide of nioMum, end 
that Roac’a nloblc add vai e mixture of nloWe and taniefie eclda (if. 7*6). 
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8. E stimation and Separation. — Tantalum is estimated in tho foftn of tantalie 
oxide, Ta*0», containing 81*98 per cent of the metal. Tantalie oxide or anhydride 
may be separated from the bases with which it occurs in nature — namely, li me 
magnesia, yfctria, zirconia, and the oxides of iron, manganese, and ura- 
n i um — by fusion with hydrate or, better, with acid sulphate of potassium^ in the manner 
to be presently described (p. 666). Borne tantalates may^be decomposed by sulphuric 
acid, the tantalie acid being separated in the ineolnbl^Jftlte, and all the bases passing 
into solution. Tantalate of zirconium may be decomposed in this manner. On 
treating that compound with strong sulphuric acid, and digesting the cooled mass for 
some time with a large quantity of water, sulphate of zirconium dissolves, and tantalie 
oxide remains in combination with sulphuric acid, from which it may be purified by 
repeated boiling with water. 

From the alkalis, tantalie acid may be completely separated by sulphuric acid, 
provided the compound is soluble in water. In the contrary case, it must first bo 
fused with carbonate or hydrate of potassium. If, however, the quantity of alkali is 
to be likewise estimated, the compound must be rendered soluble by fusion with sul- 
phate of ammonium. (H. Rose.) 

From titanium, with which it sometimes occurs in nature, tantalum may bo sepa- 
rated by fusing the mineral with acid sulphate of potassium, and treating the fused 
mass with a Large quantity of water. Titanic acid then dissolves, especially if tho 
water is slightly acidulated with hydrochloric acid, while tantalie sulphate remains 
undissolved. The titanic acid is precipitated from the solution by boiling: the sepa- 
ration is, however, not very complete. In some cases the decomposition may bo 
effected by sulphuric acid. 

The separation of tantalum from niobium is effected by means of acid fluoride of 
potassium^ whereby the former metal is converted into fluotantalate of potassium, 
2KF.TaF\ requiring 151 to 167 pts. of water acidulated with hydrofluoric acid to 
dissolve it at ordinary temperatures, and the latter into fluoxyniobate of potassium, 
2KF.|*bOF* H 8 0, soluble in 12*4 to 13 pts. of cold water. The mineral (a tantalite 
or columbitc) having been decomposed by fusion with three times its weight, of acid 
potassic BuTphato, tho collective weight of the niobic and tantalie oxides thereby 
separated is ascertained; they are then again fused with acid sulphate of potassium ; 
the sulphate is dissolved out by water ; the residue is treated with hydrofluoric acid ; 
and a boiling solution of hydropotassic fluoride is gradually added. The liquid thus 
obtained yields, after a certain degree of concentration, a deposit of potassic fluotan- 
talate, which must be washed with water on a weighed filter, till the wash-waters no 
longer yield an orange-coloured procipitato with infusion of galls. 

4. Atomic Weight of Tantalum. — The oMcr experiments on tho constitution of 
tho tantalum-compounds did not yi old correct results, because the tantalum used was 
Impure, containing niobium. Berzelius regarded tantalie oxide as Ta 2 O s ; H. Rose 
regarded it as TaO a , the chloride as TaCl\ &c. But from the observations of Marignac 
on the isomorphism of tho fluotantalates and fluoniobates, and from the vapour-density 
of the chloride (p. (102), it appears that tantalum is pentatomie, forming the compounds 
TaCl 4 , TaF* Ta*0<\ &c. ^ 

Marignac has determined the atomic weight of tantalum chiefly from the composi- 
tion of tho fluotantalates of potassium and ammonium, which are anhydrous and do not 
undergo any alteration at 100°. The potassium-salt was treated with pure concentrated 
sulphuric acid ; the excess of that acid gradually driven off, the temperature being 
finally raised to 400° ; and the rosiduo was boiled with water, which dissolved tho 
acid sulphate of potassium, and left tantalie sulphate in small granular crystals, which, 
when calcined at a strong heat, yielded pure tantalie oxide. Tho acid sulphate of 
potassium was reduced, by evaporation and calcination, to neutral sulphate, which was 
weighed. Four closely accordant analyses yielded, as a mean result, 66*6 pts. tantalie 
oxide to 46*4 pts. neutTal sulphate of potassium, according to which the atomic weight 
of tantalie oxide, Ta*O s , «■ 444*6, and that of tantalum «- 182*3. 

By calculating merely from the weight of the neutral sulphate of potassium com- 
pared with the original weight of the fluotantalate, 2KF.TaF\ the atomic weight of 
that salt is found to he 392*8, whence Ta ■=* 181*8, a number very near the preceding. 

Fluotantalate of ammonium, by conversion into tantalie oxide, loses 30*76 per cent, 
of its weight, a loss corresponding to the replacement of 2NH* + 7F =■ 169 by 
§0 » 40, leaving a difference of 129 ; and the proportion, 36*70 : 100 *=» 129 : x, 
gives jp » 361 for the atomic weight of fluotantalate of ammonium, whence Ta ■* 182. 
fmn is the number adopted by Marignac for the atomic weight of tantalum ;* it agrees 
j^pfectly with the vapour-density of tho chloride (p, 062). 

% * H. Rote (Ana. Clt. PHarm. c, Tin) found in Impure chloride of tantalum 49*35 percent. 
and 50*75 chlorine, which, for the formula Tal l*, gi ret Ta = 173, ^ 
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TAVTALVM, mOftXDS or. Tap.— Ignited tan tali c oxide does not 
dissolve in aqueous hydrofluoric acid, but the hydrate dissolves, forming a dear solu- 
tion, which, when evaporated, partly gives off the tantalum as fluoride, but likewise 
leaves a residue of oxynuoride, (H. Rose.! 

Fiuotantalates, 2MF.TaF* — M*Ta , F r . — The solution of tantalic fluoride mixed 
with alkaline fluorides forms soluble and crystallisable double Balts, partially studied 
by Berzelius and H. Rose, mq|Bi| completely by Marignac. There do not appear to be 
any fluoxytantalates corresponding to the fluoxyniobates (iv. 786), unlesB the insoluble 
compounds which tend to form when the fiuotantalates are dissolved in water, can be 
considered as such ; but these compounds do not crystallise, and do not appear to 
possess a constant composition. (M a r i g b a c.) 

Fluotantalate of Ammonium, {NH 4 )*TaF T , is anhydrous, very soluble in water, and 
crystallises in thin plates with bevelled edges. .... . 

The potassium-salt, K*TaF 7 , crystallises in monoelinic prisms isomorplious with the 
fluoniobato. It is more soluble in hot than in cold water. By prolonged boiling with 
water, it changes into an insoluble salt, the composition of which is nearly that repre- 
sented by tho formula Ta 2 0*.2K*TaF T . The formation of this insoluble compound 
affords the means of detecting the smallest quantity of fluotantalate in a solution of 
fluoxyniobnte of potassium. (Marignac.) 

The sodium- salt , Na s TaF 7 .H*0, forms monoelinic prisms, which givo off their water 
of crystallilation at 100°. 

The cupric salr , Cu"Ta 2 F 7 .4H*0 = Cu"F*.Ta a F 9 .4H 2 0, prepared by adding cupric 
oxide to a solution of tantalic oxide in hydrofluoric acid, forms beautiful blue, trans- 
parent, rliomboidal prisms with four-sided summits. It is deliquescent, and very 
soluble in wutor. 

The zinc-salt , Zn"Ta 2 F 7 .71I 2 0 = ZnFVTaF*.7lI*0, prepared like the copper-salt, is 
too deliquescent to admit of complete purification, so that its formula must bo regarded 
as only approximate, (Marignac.) 


TAWTAX.UM, NITRIDE OX*. Obtained by the aetion of ammonia-gas on 
chloride of tantalum, at a heat gradually raised to redness; or loss pure by heating 
tantalic oxide iu ammonia-gas. It. is a black microcrystalline powder, which acquires 
metallic lustre by burnishing, and conducts electricity ; when fused with hydrate of 
potassium, it gives off ammonia-gas. It is not attacked by nitric acid, or by a mixture 
of that acid with hydrochloric or hydrofluoric acid. (H. Rose, Ann. Ch. Pliarm. 
c. 146). 

TAVTAXi tna, OXIDES or. Tantalum forms two oxides, a dioxide and a 
pentoxido, the latter uniting with bases, and forming the tantalatcs. 

Dioxide of Tantalum, or Tantalous Oxide, TaO*. — This oxide is produced 

by exposing tantalic oxide in a brusqued crucible to the strongest heat of a blast-fur- 
nace, a thin film on the outside being at tho same time reduced loathe stule of metal. 
It is a dark-grey mass, which scratches glass, and acquires metallic lustre by burnish- 
ing (Berzelius). When heated to redness, in contact with the air, it takes up 4rjper 
cent, of oxygen, and is converted into tantalic oxide. By calculation, TaO* requires 
3*74 per cent, of oxygen to convort it into Ta 9 0 9 . (Marignac.) 

Pentoxlde of Tantalum, Tantalic Oxide or Anbydrldc, Ta 9 0*. In the 
hydrated state, Tantalic Acid. — This oxide is formed when tantalum burns in tho air, 
also by the action of water on tantalic chloride, and may be separated as a hydrate 
from tho tantalatcs by the action of acids. It is usually prepared from tan talite, 
which is a tan Ul ate of iron and manganese, containing small quantities of stannic and 
tungstic acids, and a varying (sometimes considerable) quantity of niobic acid, by 
fusing the pulverised and levigated mineral with twice its weight of potass ic 
hydrate; or, better, with excess of acid potassic sulphite (6 or 8 pto, according to 
Berzelius, 3 pts. according to Marignac), in a platinum crucible. 

The mass, when cold, is pulverised and repeatedly boiled with fresh quantities of 
water, till no more sulphate of potassium, iron, or manganese is dissolved out. of it ; 
and the residue, consisting of tantalic acid mixed with ferric oxide, stannic acid, 
tungstic acid, and niobic acid, is then digested with sulphide of ammonium containing 
excess of sulphur, which removes the tin and tungsten as sulphides, and converts tho 
iron into insoluble sulphide. The liquid is filtered, and tho tantalic acid is washed 
with water containing sulphide of ammonium, then boiled with strong hydrochloric 
acid to remove the iron, and washed with boiling water. It may still, ho wc ver , con* 
tain silicic and niobic acids. To remove the former, U is dissolved in aqueous y< 
fluoric acid, the filtered solution mixed with sulphuric acid and evaporated 
ness, and the residue ignited as long as its weight continues to diminish (IferzeiiuiK, < 
H. Rose). To remove the niobium, the tantalic acid is redjssolved w aqueous 




hydrofluoric acid, and treated with acid Jnorjde of potassium in the maun*, , 
described (p. 664). The pure fluotantiflafc of ^potaasiuin thus obtained h 
by heating with sulphuric add ; the sulphate of potassium dissolved out Z???* 1 
with water; and the remaining tantalic sulphate strongly ignited to exraWv? 
phuric acid (Marignac). By this process, “Mangnao has prepared corimril!?} 
quantities of tantalic oxide from columbitee containing: that compound toceS * 
niobic oxide. - ® 

Anhydrous tantalic oxide, obtained by igniting tlujs h$&sa we or Bulr>W * 

r der, which remains white when heated, or acquires but a very 5*.™* 18 ^ white 

epreMc gravity varies from 7-052 to 8 264, inowaaixfc with the f2L°i^ 


which it has been exposed (H. Rose); according to Marignac, the 
« 7*60 to 7‘64. Nordenskjold and Chydenius (Pogg. Ann. cx 642* Jab 1 ™!? 
1860, p. 145), by fusing it with microcosmic salt, and treating the fused 
hydrochloric acid, obtained, together with the amorphous oxide, a small quantity of 
heavy needle-shaped crystals, which were rhombic combinations with the dominant 
faces, OOP, P<*> , and the angles ceP : ooP = 100 42 ; Poo : Poo over the principal 
axis = 90° 20'. Tantalic oxide neither molts nor volatilises when heated, and ig 
destitute of taste and smell . Jt is reduced to the metallic state in the circuit of a 
very powerful voltaic battery; partially also by very strong ignition in contact with 
charcoal. When heated in ammonia-gas, it yields nitride of tantalum; and by ignition 
in cyanogen-gas, it is partially converted into nitride and cyanide of tantalum (if. 
Rose). Ignited in vapour of carbonic disulphide, it yields disulphide of tantalum ; 

Ta’O* + 60S* « 2TaS 2 + 5CO + S«. 


Tantalic oxide is insoluble in all acids, and can only bo rendered soluble by fusion 
with hydrate or carbonate of potassium. 

Hydrated tantalic oxide , or Tantalic acid , obtained by precipitating an aqueous 
solution of potassic tantalato with hydrochloric acid, or by decomposing tantalic 
chloride with water containing a little ammonia, is a snow-white bulky powder, %hich 
reddens litmus-powder while moist, and dissolves in hydrochloric and hydrofluoric 
acids. When strongly heated, it gives off its water and becomes incandescent. The 
hydrate, obtained by fusing tantalite with acid sulphate of potassium as above des- 
cribed, is of a denser and more crystalline character, insoluble in all acids except 
hydrofluoric and strong sulphuric acids, and is precipitated from the sulphuric solution 
by water. When heated it becomes anhydrous, but does not emit light. 

Tantalato s, ftn< * 4M 2 0.3Ta*0 8 * (according to Mari gnac). — 

The flrBt of these formulae includes the native tantalates ; the second, certain easily erys- 
tallisable tantalates of the alkali -metals. 

The tantalates of the alkali-metals are soluble in water, and are obtained by fusing 
tantalic oxide with caustic alkalis. Tantalic oxide fused with hydrate of potassium in 
a silver cruciblo, forms a transparent mass of potassic tantalato, which, after cooling, 
dissolves completely in water. With hydrate of sodium, it fuses into an opaque turbid 
mass, and ultimately deposits a sediment, which is not taken up by fusion with any 
excess of the alkali. Water poured upon the fused mass when cold, dissolves out the 
excess of soda, but not a trace of tantalic acid ; and the residue, when treated with 
fresh water, dissolves and forms an opalescent solution of acid sodic tantalato, which 
salt is completely insoluble in a strong solution of caustic soda, and is therefore preci- 
pitated on mixing the liquid with the solution of soda previously obtained by treating 
the fused mass with water. When tantalic oxide is fused with potassic or sodic 
, carbonate , the fused mass is not completely soluble in water. 

The tantalates of the earth-metals and heavy metals are insoluble in water, and are 
formed by precipitation (p. 663). 

. Ferrous Tantalate, FeO.Ta*O ft .— This salt occurs native as tantalite and 
tapiolito,. rarely however quite pure, the iron being generally more or less replaced 
by manganese, and the tantalum by niobium, tin, and zirconium. Columbite or 
niobite is a mineral of analogous constitution, containing both tantalum and niobium, 
the latter however predominating : some of the Greenland columbites con tain only 
niobium, without tantalum. 

Tantalite is found at several localities in Finland, at Broddbo and Finbo near 
Fahlun in Sweden, and at Ch&nteloub near Limoges in France. It occurs in trime- 
fcric crystals having the axes a:b:c *= 0*6617: 0*8170 : 1* and usually bounded by 
the faces P and ooPJ, with cor oc, oof 5 oo, Pj, PJ, and 3^ oo subordinate. Angle 
P:P (terminal) ** 126° 1' and 112° 32'; (lateral) =» 91° 44'. Twins nnitedbr 
the face ooP oo are of frequent occurrence (A. E. Nordenstjold, Pogg. Ann. cC 

According, to H. Rom, the formula of the normal UaUlstts is M a O.STaO*. which, with the 
pentatonic value or tantalum becomes 5M*0.4Te*0». Several add UnUlaCe* are desertbed-bv R os e 
attd by Hermann, for which sbe limutw. 4. CM*, vttl.907* 
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625 ; Jahresb. 1857, p. 682). The mineral likewise occurs massive, sad imbedded, in 
angular fragments of irregular shape. Hardness — 6*0 to 6 6. Specific gravity — 
about 7*0 to 8*0. Opaque, with imperfect metallic lustre and iron-black colour, black- 
biown to cinnamon-brown when pulverised. Fracture mostly uneven. 

Nordenslgdld distinguishes asiziolite, a stanniferous and manganiferous variety 
of tantalite, occurring, together with the preceding (which he designates as skogbo- 
lite, or simply as tantalite V at Skogbole in Finland. It likewise forms trimetrio 

S risms, but having the axes 0 t b: e «=■ 0*5508 : 1*2460: 1, and exhibiting the 
ominant combination oP . ooP oo . coP oo, with P, ooP, f* oo, 8P oo, and JP oo subor-* 
dinate. Hardness =» 6*0 to 6*5. Specific gravity ~ 7*0 to 71. Lustre faintly 
metallic. Colour black-grey to steel-grey, brown in powder. Fracture flat, concho'idaJ, 
sometimes nearly uneven. 

The more stanniferous varieties of tantalite are designated by Hausm&nn 
( Lt'hrb . d. Mineral . p. 960)asCassitcrotantali to, the less stanniferous as Sidero- 
tantalite; the former are also sometimes designated, according to their localities, 
as Finbo and Broddbo tantalitos, tho latter as Kimito and Tammela 
tantalites. 

Ta pi ol it e, occurring at Sukkula in Tammela, Finland, has the composition of 
tantalite, but crystallises in dimetric fonnB, having the samo angles and ratio of axes 
as rutile; ferrous tantalate is therefore dimorphous (or trimorphous, if ixiolite is 
really a distinct aystallographic species). (Nor de n s kj o 1 d, Pogg. Ann. exxii. 604 : 
Jahresb. 1864, p. 855.) 

Alt tantalites (including tapiulito) are infusible and unalterable before tho blowpipe. 
They dissolve easily in borax and microcosmic salt, giving the reactions of iron and 
manganese. Tho more stanniferous varieties, heated on charcoal with sodic carbonate, 
yield numerous spangles of tin. Tantalites are not attacked by acids. 

Tho following aim lyses of tantalite are from Ranmielsborg's Aiineralchem tr, pp. 390, 
391 ; those of tapiolite arebyArppo (Jahresb. 1862, p. 763)and A. Nordenskjdld 
(l’ogg. Ann. exxii. 604; Jahresb. 1864, p. 850): — 


Chanteloub , near Limoges, 




D amour. 

Jeuitch. 

Chandler. 

Specific gravity 

. 

7*64-7*68 

7*703 7 *027 — 7*042 

7 

Tantalic oxide 


82*98 

83*55 * 

78*98 

79*89 

.Stannic oxide 


1*21 

1*02 

2*36 

1*51 

Silica 


0*42 




Zirconia 


• • 

i 54 

5*72 

1*32 

Ferrous oxide 


14*62 

14*48 

13*62 

14*14 

Manganous oxide 

. 

trace 

trace 

trace 

1*82 



99*23 

100*59 

100*68 

98*68 


Torroby in Tammela , Finland, 





Nodentkjtfld. Jacobson. 

Brookf. 

Weber. 

Specific gravity 


7*264 

7 197 

• 

7*414 

Tantalic oxide 

• • 

83*49 

8M5 

84*70 

83*90 

Stannic oxide 

. « 

trace 

0*82 

0*50 

0*66 

Ferrous oxide 

_ . 

13*75 

14*68 

14*29 

13*81 

Manganous oxide 

* 

M2 

0*90 

1*78 

0*74 

Lime 

. „ 

„ # 

0*07 



Cupric oxide 


. . 

1*81 

0*04 

0*11 



98*36 

101*193 

101*31 

99*22 


SkogboU in Kimito , Finland . 



Klaproth. 

Bertel lot. Hermann. Nnrden- 

Wamam. 

Weber. 




•kjold. 



Specific gravity 

• • 

7*936 

. . 7*66 

7*112—7*155 

/ . 7*277* 

Tantalic oxide . 88 

83 2 

sbss 

8409* 87*44 

77*83 

75*71 76*81 

Stannic oxide . 

0*6 

0*80 

0*70 1*26 

6*81 

9*67 9*14 

Petrie oxide 



10*08 



Ferrous oxide . 10 

7*2 

12*9*4 

3*33 13*41 

8*47 

9*80 9*49 

Manganous oxide 2 

7*4 

1*60 

1*32 0*96 

4*88 

4*32 4*27 

Lime 

# # 

0*58 

. . 0*15 

0*50 

. . -0*41 

Cupric oxide 

, . 

0*72f 

. . 0*14 

0*24 


Too 

Wi 


5jp68 100-84 

98*73 

9f60 10S% 


• Site*. t 7307 T* f O* + lies Nb*OS 



668 - TANTALUM, OXIDES OF. 

Fahhm, in Sweden, 

Norden- BerseHus. 

•kj&ld. , ^ , 

Broddtxx finbo. 


Tantalic oxide 

« 

83*79 

68*22 

66*34 

66*99 

Stannic oxide • 

•. 

1*78 

8*26 

8*40 

16*75 

Tungstic oxide • 

• 

v • 

6*19 

6*12 

Ferric oxide 

• 

• • 

9*68 

11*07 

7*67 

Ferrous oxide 
Manganic oxide . 

% 

13*42 

7*15 

6*60 

7*98 

Ifatg&nous oxide 
**»»» • 

• 

*1*6*3 

1*19 

1*50 

2*40 



100*62 

100*69 

100*03 

101*79 


Thpiolite, from Sukkula , Finland . 


Tantalic oxide . 


Arppe. 

Arppe. 

A. Nord«*n«kjiilt1. 


83*66 

82*71 

83*06 

Stannic oxide • 


• • • 

0*83 

1*07 

Ferrous oxide . 

. 

16*44 

15*99 

15*78 



99*10 

99*53 

99*91" 


Marignac found in a Swedish tantalito : 

Ta«0» Nb 2 0* SnO* FeO MnO 

65*60 10*88 8*10 8*95 661 = 100*14. 

He has also determined the quantity of tantalic oxide in various eolumbites, and con- 
cludes that if a perfect separation of the tantalic and niobic oxides could be effected, 
the specific gravity of this mineral would be found to increase proportionally to tlio 
percentage of tantalic oxide present. The following arc the numbers obtained : — • 

Sp.gr. Ta*O s p.r. 


Columbite from Greenland 

6*36 

3*3 

i> 

ti 

Acworth (New Hampshire) 

6*65 

12*8 

it 

ii 

La Vilato (near Limoges) . 

6*70 

13*8 

t» 

•1 

Bodenmais (Bavaria) . 

5*74 

13*4 

» 

ii 

Haddam (Connecticut) 

6*85* 

10*0 


ii 

Bodenmais 

. 6*92 

27*1 


ii 

Haddam . 

6*05 

30*4 

Jf 

ri 

Bodenmais ... 

606 

35*4 

ft 

ii 

Haddam .... 

6*13 

31*5 

Tantalite 


• . • • . . 

7*03 

66*6 


Tantalito and columbite may be represented by the general formula (FeO; 
MnO)(Ta a O a ; Nb*O a ). Pure tantalite, as that of Kimito, contains from 83 to 
85*8 percent, tantalic oxide, and pure columbite or niobite, from Greenland, contains 
76 to 78 per cent, niobic oxide ; the other varieties yield intermediate numbers. 
(Marignae.) 

Tantalate of Yttrium, or Yttrotantalite , is found native at Ytterby, in Sweden, 
in red felspar, and at Broddbo and Finbo near Fahlun, imbedded in quartz and 
albite. It exhibits the following varieties : — o. The black variety exhibits indistinct 
traces of crystallisation, in four- or six-sided irregular prisms and plates. Hardness. 
— 5*6. Specific gravity *= 6*395 (Berzelius), 6* 67 (Rose), and 6*40 after heating. 
Lustre submetallic. Streak grey. Opaque. — £. The yellow variety is non-crystalline, 
and occurs in laminte in the fissures of felspar. Hardness 5. Specific gravity *= 
5*882 (Ekeberg); 6*810 (Potyka). Lustre resinous on the surface, vitreous on 
the fracture. Colour yellowish-brown to greenish. Streak white. * Opaque. — y. The 
brown variety occurs with the yellow in thin plates, or rarely in grains, presenting no 
trace of crystallisation. Hardness *■ 4*5 to 5. Lustre vitreous inclining to resinous. 
Colour black, with a very light shade of brown ; slightly yellow in tmn plates by 
transmitted light. Streak white. 

The several varieties of yttrotantalite give off, when heated, from 3*9 to 5*64 per 
cent, water, are infusible alone before the blowpipe, but decrepitate, and assume a 
lighter colour. The black variety froths and fuses with carbonate of sodium. They 
dissolve in borax, but are not acted upon by acids. 

The following analyses are taken from R&xnmelsbexg'a Mxneralchcmie, pp. 399, 
100: — a. Black: lost by ignition 6*74 per cent, water (Berzelius). — 6. Brown- 
black : those specimens which retailed tfeiur colour on ignition lost 2*72 per cent, 
rater; those which became yellowM, l^fv*06 per cent. (Berzelius)*-^ Yellow: 
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lost by ignition 4*85 per cent, water (Berzelius). — £ n 7Black: specific gravity — 6*67! 
lest by ignition 3*9 to 4*6 to 6*64 per cent., turning yellowiah-brown, and acquired 
A specific gravity of 6*4 (Peretz). — a. Specific gravity 6*468 (Chandler). — 
/ YeUow, turning yellowish-brown before the blowpipe ; partially decomposible by 
sulphuric acid. Specific gravity «* 6*810 (Potyka) : 


a. 


Tantalic oxide 

67*00 

Tungstic oxide 

8*25 

Stannic oxide 

. . 

Yttria 

20*25 

Corous oxide 

. 

Uranic oxide 

0*50 

Urunous oxido 

. 

In me 

6*25 

Magnesia 

. 

Ferric oxido 

3*50 

Ferrous oxide 

. . 

Cupric oxide 

• 

Water 

• 


9676 


b. c. 

, — I .A.. 


61*81 

2*69 

i ■■ 

59*60 

1*25 

60*1 2 
1 * 04 . 

38*62 

29 * 9*0 

29*78 

* 11*1 

* 3 * 2*3 

* 6 * 6*2 

* 3*26 

* 3 * 2*9 

0*60 

■>* 

* 0*56 

* 2 * 7*2 

* 1 * 1*5 


97*86 99*89 99*21 


4. 

c. 

/. 

65*80 

57-27 

55*60 

0*67 

1*85 

0*49 


0*10 

0*13 

20*22 

18 * 64 * 

* 25*62 

• * 

*' * 

1*86 

3*75 

: 6 *io 

7*00 

718 

4*78 

3*60 

1*33 

0*76 

0*19 

5*96 

4*82 

0*77 

0*40 

0*69 

0*43 

4 86 

6*00 

4*11 

TOO '07 

100-00 

99*66 


The later analyses (d, e, /) may bo represented, approximately, by the formula 
2YO.TaO* (Ta ** 137) or 6YO/IV0 5 (Ta =» 182). As, however, tho mineral con- 
tains tungsten in varying proportion, the brown varieties apparently containing more 
than the yellow, tho composition cannot bo regarded as definitely established, es- 
pecially as the formula just given takes no account of the water. 

TANTALUM, SULPHIDE OS*, TaS 2 ?, is obtained by igniting tantaliq oxide 
in vapour of carbonic disulphide (p. 666), or by exposing tantulic chloijdft to the 
action of sulphydric acid gas : the product is not perfectly definite in either case. Tho 
first process yields a product containing 28*6 per cent., tho second 24*08 per cent, 
sulphur: the formula above given requires 26*01 per cent. Sulphide of tantalum is a 
black substance, which acquires a brass-yellow colour by trituration in an agate mortar. 
Healed in an atmosphere of chlorine-gas, it is converted into tanlalic chloride and 
chloride of sulphur. (II. Rose.) 

TAPANHOACANGA. Iron Conglomerate . — A peculiar conglomerate occurring 
near Villa Rica, Itabira, Congonhas da Campo, Marianna, and other places in the pro- 
vince of MinaB denies, Brazil, superposed on ferruginous mica-slate, clay-slate, itaeo- 
lurnite, and talcose slate, and consisting for tho most part of angular IragmentH of iron- 
glance, ferruginous mica-slate, magnetic iron-ore, and brown haematite, bound together 
by an argillaceous cement, consisting of yellow, brown, or red ochre. Tho proportion 
of cement varies, and the maHS contains, besides the minerals above mentioned, frag- 
ments of itaeolumite, clay-slate, quarzite, and other rocks. The conglomerate often 
contains imbedded laminae of gold. ( llandw . d. Chem. viii. 612.) 

TAPIOCA. A kind of starch obtained from tho roots of Jan ip ha Manihot (p. 
4 ° 8 ). 

TAPXOLITS. Th© quadratic variety of ferrous tantalate found at Sukkula ill ^ 
Finland (p. 667). 

TAB. Thcer. Goudron , — A brown-black, viscid, oily liquid, produced, together with 
gaseous and watery products, in the dry distillation of organic bodies and bituminous 
minerals (ii. 339). It has generally an unpleasant, and sometimes a highly fetid 
odour; and is a mixture of various substances, acid, neutral, and alkaline, varying in 
composition according to the nature of the original body and th© temperature applied 
in the distillation. Tar obtained from vegetable substances has an add reaction, but 
coal-tar and the tar of animal substances are alkaline. 

The principal groups of compounds contained in tars are liquid and solid 
hydrocarbons, alcohols, ethers, acids, and bases, together with rest ns, and 
empy reumatic products of indeterminate composition. On subjecting the tar to 
repeated distillation, the more volatile and liquid hydrocarbons, together with the 
alcohols and ethers, pass over first, while the less volatile oils consist chiefly of icift 
and basic compounds, and the last portions which distil over contain the solid hydro- 
carbons. The residue left after about half th© tar has distilled over-— called pitch, and 
likewise asphalt, when obtained from coal-tar — also contains solid hydrocarbons, 
ther with resinous compounds. ... . _ .* . . 

By fractional distillation, the more vsttlpcstatituents of the tar are 
portions of assistant boiling-point, or bojgragAt temperatures comprised within narrow 
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limits. The oily potfe 4|$ygeated with dilute acids, or (aeHofmann recommend*) 
with .hydrochloric acidgai^ tfremo ve the basic constituents. The several alkalis 
are then separated one from the other by fractional distillation, or byfractjpnal preci- 
pitation of their platinum-salts (see PiooLigra, iv. 637)* The oils freed from these bases 
are heated with strong sulphuric acid, which decomposes a number of Indeterminate 
ampyreumatic products, whereby the subfceauent separation of the remaining con- 
stituents is much facilitated. — The acid products contained in thtjj frsy eral distillates 
are Wmoved by means of alkalis. Strong potash-ley forms, with creosote and phenol, 
crystallised, compounds, by means of which these bodies can be separated from the 
rest (iv. 385f). Potash-ley and milk of lime are also frequently used to free the neutral 
oils from resinous bodies. — The separation of the neutral oily hydrocarbons one 
from the other is effected partly by fractional distillation, partly by other methods. 
Mansfield, by subjecting the portion of light coal-tar oil boiling between 80° and 90°, 
to a cold of — 10°, separated benzene in tho crystalline form from tho other hydro- 
carbons contained in it (i. 542). The olefines OH 2 " may often be conveniently sepa- 
rated from other hydrocarbons* by combining them with bromine (iii. 187); and by 
treating tho bromine-compounds with sodium, the olefines may be set free, and sepa- 
rated one from another by fractional distillation. The hydrocarbons of the benzene- 
series, C 3 H*“— *, may be separated from mixtures of hydrocarbons by converting them 
into nitro-compounds. 

The chief liquid constituents of wood-tar are methylic acetate, acetono, hydrocarbons 
— namely toludne, xylene, and cumene — raethol (a mixture of volatile oils boiling be- 
tween 100° and 266°), eupione, creosote, and a numberof indefinite oxidised compounds, 
including picamar and capnomor. Amongst the solid portions are resinous matters 
more or less resembling colophony ; also paraffin, naphthalene (C 10 H 8 ), anthracene 
(C ll H t0 ), chrysene (C ,8 H ,2 ) P retene (C IS H ,S ), pyroxanthin, pittacal, and cedriret. 

The more volatile portion of coal-tar, called light-oil or coal-naphtha , consists 
^mainly of benzene and its homologues, together with a number, of bases, OIP D — 5 N, 
commencing with pyridine, C S H*N ; the naphtha from cannel and Boghead coal is • 
chiefly composed of alcoholic hydrides, homologous with marsh-gas, together with 
olefines and homologues of benzene. The less volatile oil, or dead-oil of coal-tar, con- 
tains phenol and cresol ; also aniline, picoline, chinolino, and other volatilo bases, and a 
number of solid hydrocarbons, including naphthalene, anthracene, chrysene, &c.-— Tho 
tars obtained from peat and lignite are intermediate in composition between wood- tar 
and coal-tar. Shale-tar contains the same hydrocarbons as Boghead naphtha; also 
phenol, and a large quantity of the bases, C n K 2n ~ 3 N, homologous with pyridine. (See 
.Naphtha, iv. 2.) 

The preparation of tar from coal, peat, lignite, and bituminous shale, has acquired 
great importance of late years, for obtaining paraffin and paraffin-oils for illumination 
and lubrication (iv. 342). Coal-tar has also acquired great value as tho source of 
aniline-colours, and of phenol, picric acid, &c. Heavy coal-oil or dead-oil is remar- 
kable for its antiseptic qualities, and is commonly used, without furthor purification, 
for the preservation of timber for railway sleepers, &e. It is also consumed as a fuel 
in common lamps, but is chiefly used for burning into lampblack. 

Wood-tar likewise possesses powerful antiseptic properties, due to the creosote which 
it contains: hence it is also much used for tho preservation of wood, especially 
in shipbuilding. In Russia and Sweden it is prepared, by a rudo kind of distilla- 
tion, from the resinous wood of the pine. A conical cavity is formed in the 
side of a hillock, the apox of tho cone being below, and terminating in an aperture 
which opens into a trough leading to a reservoir for the tar. The kiln is filled with 
wood and partially covered over with turf ; the pile is lighted at the top, and the 
combustion is regulated by covering it more or less completely with turf. The wood 
is thus charred from above downward, and the tar flows out at the bottom, charged with 
a considerable quantity of resin, and mixed with acetic acid and oil of turpentine. On 
heating, an impure essence of turpentine is distilled, leaving a black resi none substance, 
which constitutes ordinary pitch. Tho tar thus prepared is known in commerce as 
Stockholm tar. 

The process just described is evidently a very wasteful one, especially entailing the 
loss of the greater part of the more volatile products of the distillation— acetic acid, 
wood-spirit, &c. Accordingly, wood-tar is now more generally prepared, like die other 
kinds of tar, by distillation in cylinders. (For details, see Handto. d. Chem. t viii. 650.) 

T 6 BAlAOnr. See the next article. 

TAEAKACPM OlTIOUf ITil. Lcontodon Taraxacum. Dandelion. — The 
herb and root of this plant are used, either singly or together, for the preparation of 
•Extract of Dandelion. The herb contains the usual plant-constituents — albumin, gum, 
sugar, mucilage, &e* The root contains a milky juice, u&feh, on exposure to the air f 



coagulates, deposits caoutchouc, and acquires a violefc-brQwneolour. ^John found in it 
a bitter extractive matter, together with sugar, gum, tracA of resin, free vegetable acid, 
and the oidinary salts. The substance here called gum is doubtless partly inulin 
<iii. 277), the presence of which in the aqueous extract of dandelion has been demon- 
strated by Frt chin ger .(Buchn. Report, kriii 46), Widexnann (ibid, xliii. 281), 
Overbook (Arch. Fharm. xxiii. 240), and others. T. and H. Smith (Pharm. J. 
Trans, viii. 480)Jhy treating the extract of the root prepared with cold water and eva- 
porated to a syrup, with alcohol, obtained a precipitate of albumin, pectin, &e*£ and 
the liquid filtered therefrom deposited, on evaporation, crystals of mannite. They are, 
however, of opinion that the mannite does not pre-exist in the root, hut Hs produced 
from cane-sugar, or from inulin, by fermentation, under the influence of the albumin. 
Frrliaps its formation is connected with that of ikctic acid, the calcium-salt of which 
constitutes the deposit often formed in Mcllago taraxaeiy especially after long standing. 

The bitter substance of the root, the so-called taraxacin, and the resin, have been 
examined by Polox (Arch. Pharm. xix. 60). The mliky juice of the root is recoivod 
in wator and heatod to the boiling-point, and the liquid is filtered from the congulum 
of resin and albumin which formB on cooling. Tlio filtrate, after concentration and 
further evaporation in free air, at a moderate lieat, deposits taraxacin in warty crystals, 
which may bo purified by recrystallisation from water or alcohol. Tlioy taste pleasantly 
bitter, and somewhat sharp; melteasily, giving off inflammable, non-ammoniacid vapours; 
and dissolve readily in ether, alcohol, and boiling water. Taraxacin also dissolves 
without alteration # m concentrated acids, and is indifferent to most other reagents. 
(Pol ex.) 

If the congulum above mentioned be exhausted with boiling alcohol, and the filtrate 
left to evaporate, resin of taraxacum is deposited, iu white cauliflower-like crusts. 
It melts easily, takes fire with difficult}', is dissolved by ether, not by caustic alkalis, is 
but slightly attacked by nitric acid, but is dissolved with yellow colour by warm 
sulphuric acid. The sharp-tasting alcoholic solution is not precipitated by basia* 
acetate of lead (Polex). See also Kromayer (Arch. Pharm. cv. 6), who designates 
the dried milky juice of dandelion as leontod ium. 

TARNOWZTZXTB. Breithaupt's namo for the plumbifcrons arrngonito of Tar- 
nowitg in Upper Silesia, sometimes containing as much as 4 percent, of plumbic carbo- 
nate. It forms prismatic or pointed crystals, and cylindrical Hggregates of white or 
greenish colour. It has a specific gravity of 2 8 to 3*01, and if moistened with sulphu- 
ric acid, after ignition, turns first red and then black. According to\V ebsky (Zoitschr. 
<1. deutsch. geolog. GosoHsch, ix. 737), the crystals have the same form as those of 
arntgonito. 

TARTAR. A generic name for salts of tartaric acid, but applied especially to the 
acid tartrate of potassium, which in tho crude state, as deposited from fermenting 
grape-juice, is called crude tartar or argol, and when purified by solution and re- 
ervhtallisation, cream of tartar. 

Crude tartar or argol is of a pale, pinkish, or dark-red colour, according as it is 
dcjvosited from white or from red wines. It forms a hard crystalline crust, varying 
in thickness with the character of tho grape, the dogroo of ripeness which it has been 
allowed to attain, and tho peculiarities of the processes adopted in different vineyards. 
Besides acid tartrate of potassium, which is its essential constituent, it usually contains 
tartrate of calcium and various impurities. Schourer-Kestncr found in a sample from 
Tuscany, 73*67 per cent, tartaric acid, 22*13 potash, 0*62 glucose, 0*88 cellulose, 0*32 
silica, 0*26 oxide of iron, 1*39 magnesia, and 0*73 colouring-matter. The same chemist 
gives the following statement of tho results of numerous analyses of tartars from 
various localities : — 


Locality. 

Quality 

Acid Tartrate or Potawiuin 
per cent. 

Tartrate of Calcium 
per cent. 

Alsace . . 

Switzerland .... 
Burgundy .... 
Tuscany . . . 

Hungary . . . 

•Spain 

White 

» 

Red 

White 

Red 

77*30 84*96 86*10 
73*60 85*90 

3210 

84*50 85*20 88*60 
67*30 

24*20 

4*6 7*3 9*9 

7*7 18*8 

4826 

9*20 

46*20 


The best tartan come from Italy and the South of France. 

Tartar is used far the manufacture of tartaric acid, and of carbonate of potassium (»• 
713). Fur the first mentk ad purpose, the presence of a large amount of mucilaginous 
or other iftMOT To remove this impurity, a considerable 
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proportion of the argol mpb toihb yuntry is previously submitted to n simple proeag* 
of purification, which consists in fed&wMng it in hot water, and adding a small quan- 
tity of day in fine powder, [The d^r becomes misled with the fiocculent matter, and 
carries it down to the bottpm of the vessel. The clear solution is concentrated and a 
crop of crystals obtained, wlpch is thq|l called tartar. The repetition of die process 
yields a proportionally purer attidq^and tartars aro met with in this country, contain- 
ing from 86 to 98 or 99 perlsent. acid tartrate of potassium. * . . 

Oh the other hand, tartars are very often fraudulently adulterated with sulphate and 
‘Chloride of potassium, sulphate and chloride of calcium, and other jgheap materials, 
go that it is of importance to the manufacturer of tartaric acid to possess a ready method 
of ascertaining the quantity of tartaric acid contained in them. Now, the direct 
estimation of tartaric acid is difficult, as none of its salts are insoluble in water ; hence 
it has been usual to estimate tho proportion of it in tartars by determining the 
quantities of potash and lime present, and reckoning both bases as tartrates. Such 
a method, however, would clearly lead, in the case of adulterated tartars, to an 
over-estimation of the amount of tartaric acid present. Hence it is necessary to 
determine not only the amount of bases, but likewise that of the sulphuric, car- 
bonic, or other acids present, besides tho tartaric; to calculate the quantities of 
base required to Saturate these acids ; and reckon only the remainder as tartrates. 
An oxact and ready method of ascertaining the commercial value of tartars is still a 
desideratum. 

Tartrate of calcium can scarcely bo regarded as an impurity in tartar intended for 
the manufacture of tartaric acid, inasmuch as the first step in tho preparation of that 
acid is to convert the tartrate of potassium into tartrate of calcium. Nevertheless, the 
presence* of a considerable quantity of calcic tartrate in the tartar is objectionable, 
because ft quickly undergoes decomposition under the influence of damp, and is con- 
verted into carbonate. For this reason dry storing-placos are of great importance for 
preserving tartars and argols, especially those containing much tartrate of calcium. 
(See [Richardson and Watts's Chemical Technology , i, [6], 132, 168.) 


(See Richardson and W a 
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Fotassio-antimonious tartrate. 


O 1 .— This for- 
mula represents tho composition of five different tetratomic and dibasic acids, some of 
which Agree with one another in nearly all their chemical characters, though they are 
nil distinguished by marked differences of physical properties, especially in their crys- 
talline forms and tnoir relations to polarised light. These five modifications of tar- 
taric acid aro : 

1. Dextr o tartaric or ordinary Tartaric acid, which forms anhydrous, homi- 
liedral, rhombic crystals, and turns the plane of polarisation of a luminous ray to the 
right. 

2. Lmvotartaric or Antitartaric acid, which also forms anhydrous, hemihe- 
dral, rhombic crystals, but turns the plane of polarisation to the left. 

3. Paratartaric or Racemic acid, which forms hydrated, holohedral, triclinic 
crystals, is optically inactive, and may be separated into dextrotartaric and leevotartaric 
acids (p. 36). 

4. Inactive TaTtaric or Mesotartaric acid, which is also without action on 
polarised light, but is not, like the preceding, resolvable into dextrotartaric and Ifievo- 
tartaric acids. 

6. Metatar taric acid, a modification produced by the action of heat upon ordi- 
nary tartaric acid, is deliquescent and uncrystallisable ; its salts differ from those of 
ordinary tartaric acid by their crystalline form and greater solubility. 

Dextrotartaric and laevo tartaric acids resemble one another exactly in specific gravity, 
solubility, and all their physical properties, excepting crystalline form, action on polarised 
light, and pyroelectrical relations. Their crystals are bounded by the same number 
or faces, inclined to one another at exactly the same angles ; but they exhibit certain 
hemihedral faces, which, when the crystals are similarly placed, are situated to the 
right in the one crystal, and to the left in tho other; so that the two crystals, though 
similar, are not superpoaible, but are related to one another like an object and -its re- 
flected image. Solutions of the two acids of the same strength deflect the plane of pola- 
risation by exactly equal amounts — the one to the right, the other to the left: [a] = 
+ 9*6 (Bee Light, iii. 676). Both acids exhibit pyroelectricity, but in opposite direc- 
tions, a crystal at either acid, when heated and left to cool* exhibiting positive electri- 
city on the side on which .the hemihedral faces are situated* 
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The same rotations of crystalline form, optietft^fcQtatory power, and pyro-electricity, 
are exhibited by the corresponding metal% salts of dextrotartaric and lsevo- 
tartaric acids. t ;> 

When solutions of equal weights of dextro- and leevo- tartaric acids are mixed, the 
mixture yields by evaporation holohedral crystals of racemic acid. Mixtures of equal 
weights of the corresponding metallic salts al# yield racemates, except in the case of 
the ammomo-sodic salts (iii. 676). * y 

Dextro- and l«vt>- tartaric acids further resemble one another exactly in their chemi- 
cal relations to all substances which have no action on polarised light ; but when they 
come in contacfrwith other optically active substances, this chemical identity no longer 
exists. In some cases, one of the acids easily forms compounds which cannot be pro* 
duced with the other ; in other cages, the two acids yield compounds identical in compo- 
sition, but differing considerably in theif properties. Thus, dextrotartaric acid combines 
readily with asparagine, forming a crystalline compound ; but laovotartaric acid forms 
with it only an uncrystallisable syrup. The acid ammonium -salt cf dextrotartaric acid 
forms a crystallisable double salt with the acid ammonium-salt, of optically active 
malic acid; ucid Isevotartrate of ammonium, on the contrary, does not form a corre- 
sponding compound. Dextrofhrtrate of cinchonine contains 2 at. water of crystallisa- 
tion, dissolves easily in absolute alcohol, gives off* its wuter and begins to become 
coloured at 100° ; the lcevotartrate of cinchonine contains only £ at. water, but bears 
a heat of 140° without Alteration. The dextro- and laevo-tart rates of quinine, brucine, 
and strychnino exhibit similar differences (i. 683, 977 ; v. 24, 442). 

The different reactions of the two opposite tartaric acids with optically active sub- 
stances afford the means of resolving racemic acid into its component acids. When 
cinchonicine is dissolved in racemic acid, the solution, at a certain ihgreo of concen- 
tration, deposits at first crystals of laevotartrate of cinchonicine ; from a solution of 
quinicine in racemic acid, on the other hand, dextrotartrato of quiuicino crystallises out 
iirst. 

Racemic acid may ulso be decomposed by fermentation. When a few spores 01 
Ptnicillium glaucum are introduced into a solution of racemic acid containing traces 
of an alkaline phosphate, fermentation is set up, the dextrotartaric acid is deconi 
p<»s©d, and if the fermentation be interrupted after a certain time, the liquid contain, 
nothing but laevotartaric acid. 

When dextrotartrato of cinchonine is heated for some time to 170°, part of the dex\ 
trotartaric acid is converted into lte\ otartaric acid, and the two combine, forming 
raermic acid. I^evotartaric acid may bo converted into racemic arid in the same 
manner. Racemic acid is also produced by the action of heat on ethylic Tartrate (p. 
35), (Pasteur, Ann. Ch. Pharm. Ixxii. 164 ; lxxxiv. 167 ; lxxxviii. 211 ; Jahresb. 
1B47-48, pp. 31, 206; 1849, pp. 127, 307 ; 1852, p. 175; 1853, p. 423; 1868, p. 248 ; 
1860, p. 250.) 

l>extrotartarlo Add, C 4 H*0*. Ordinary Tartaric Acid. Dextroracemic Acid . 
Turt< rsiiu re. Tartryfsanrc . W cinsaure. Weinsteinsiinre. Sat essential# tartari . Acids 
tartarique . — This acid was first obtained in the free state by S^cheelo in 1770, but its 
existence in tartar had been previously suspected by Duhnmcl, Marggraf, and 
Kouelle. It is very widely diffused in the vegetable kingdom, occurring as frequently 
as citric and malic acid. Its existence in grape-juice, as acid tartrate of potassium, 
has long boon knpwn ; the older chemists indeed. Van Helmont and others, were 
aware that the tartar deposited from wines existed ready-formed in the juice of the 
grope. It is also found in the free state, or as a potassium- or calcium-salt, in tama- 
rinds, unripe mountain-ash berries, m odder *rout, potatoes, Jerusalem artichokes, 
sorrel, girkins, mulberries, pine-apples, black pepper, the leaves of Chelidonium, nuij ?/ s f 
the bulbs of Sdtla maritima , &c. 

Dextrotartaric acid is artificially produced. : — a. Mostly together with racemic acid, 
by the oxidation of saccharic acid, and of dextroglucose, cane-sugar, milk-sugar, starch, 
gum, and sorbin, with nitric acid (p. 36). — 0. By boiling acid bromomalate of calcium 
(iii. 795) with lime-water. Acids Having the composition of tartaric are Also said to 
be produced. — y. From citric acid, when lemon -juice is kept for a year in bottles 
(Schi ndler, Ann. Ch. Pharm. 280). — 3. From a solution of pyroxylin in potash 

(Kerckhoff andBeuter, J„ pr. Chem. xlvi. 284); but it is not stated whether 
these acids are identical in physical properties with dextrotartaric acid. The acid 
C‘H*0* f obtained by boiling tne silver-salt of dibromosuccintc acid with water, or its 
calcium -salt with lime-water, is optically inactive. (Kekul6, p. 459.) 

Preparation. — Tartaric acid is always prepared from acid tartrate of potassium — on 
the small scale from the purified salt (cream of tartar). On the lai*re scale from par- 
tially purified tartars or crude argots. A boiling solution of the acid tartrate is first 
treated with pounded ch a l k or rating* to convert it into insoluble sulphate of calcium 
Von. V. * XX 
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And soluble neutral tartrate of potassium : 

2C 4 H 6 KO a + Ca"CO a - C«H 4 K*O a + C 4 H 4 Ca"0* + H*0 + CO*. 

The mixture is thrown on a filter ; and the filtered solution of neutral potaatf* tar. 
trate is mixed with solution of calcic chloride, or with precipitated calcic s&jph&te 
obtained from a previous operation, whereby the whole of the tartaric add iilfSeeipi' 
tated as tartrate of calcium. The two lime-precipitates are then boiled with a Quan- 
tity of dilute sulphuric add sufficient to convert the whole of the j nto 

sulphate ; and the filtered solution of tartaric acid is evaporated to a syrup at a gentle 
heat, then left t-o itself in a warm place, where it deposits an additional quantity of 
calcic sulphate, and finally transferred to the crystallising vessels. The presence 
of an excess of sulphuric acid greatly favours the crystallisation of the tartaric acid, 
but it acts injuriously during the subsequent evaporation of the mother-liquors, as 
it becomes more and more concentrated, and ultimately decomposes a considerable 
quantity of the tartaric acid still remaining in solution. (For details of the manu- 
facturing process, see Richardson and Watts's Chemical Technology , vol. i. pt. v. 
p. 138.) 

Xiae v o tart art© Aoid, C 4 H*O a . Antitartaric Acid. Lcevoracemic Acid . — The for- 
mation of this acid by the decomposition of racemic acid has already been mentioned. 
When equal weights of racemic acid are saturated, the one with soda, the other with 
ammonia, and mixed, the mixture deposits, on cooling or spontaneous evaporation, 
large beautiful crystals of a double salt, all of which are hemihedral, one half of them 
having the hemihedral forces oppositely situated to those of the other half; and on 
carefully separating these two kinds of crystals (the solutions of which exhibit equal 
and opposite actions on polarised light), purifying them by recrystallisation, precipita- 
ting the solutions by nitrate of lead, and decomposing the lead-salts with sulphuric or 
sulphydric acid, solutions are obtained which on evaporation yield crystals — the one of 
dextrotartarie acid, agreeing exactly in character with those obtained from tartar, as 
above described ; the other of loevotartaric acid, agreeing with dcxtrotartaric acid in all 
respects, excepting in the opposite hemihedry of its crystals, and the opposition of its 
optical and pyro-eloctric properties. Respecting the preparation of lsevotarturic acid 
by the fermentation of racemic acid , and by the action of heat on the racemates of 
cinchonicine and quinicine, see p. 673. 

• Properties. — Tartaric acid crystallises in monoclinic prisms, having the axes a: b : c 
« 0-7846:1:0-8054. Angle b : c ~ 79° 43'; ooP : ooP (orthod.) = 102° 52' ; 
[Poo] : [Poo] (clinod.) = 89° 26'; — Pc© : c = 45° O'; : c = 67° 30'. 

Ordinary combination ooP . ooP® . — P® . + P® (the last often wanting) . 
[Poo ]. The faces [Poo ] are often developed only at one extremity of the orthodia- 
gonal, and on one or the other side of the crystals, according as the acid is dextro- or 
he vo-rotatory. These faces are often greatly predominant. 

The crystals are colourless and transparent, and do not contain any water of crystal- 
lisation ; their specific gravity is 1*76 (Richter); 1739 (Buignet, Jahresb. 1861, 
p. 15). They are very soluble in water and in alcohol, insoluble in ether ; the aqueous 
solution becomes covered, after a while, with a fungous growth. The quantities of the 
crystallised aoid contained in aqueous solutions of different densities are as follows 
(Schiff, Jahresb. 1859, p. 41) : 


Weight of crystallised acid 
in 100 pta. of solution. 
33 
22 

14-66 
11 
7*33 
. 3*67 


Specific gravity of 
solution at 15*. 
11654 
1-1062 
1-0690 
10611 
10337 
1-0167 


On mixing the concentrated solutions of dextro- and laevo-tarfcaric acid, crystals of ra- 
cemic acid are abundantly deposited, with evolution of heat quite perceptible to the hand. 

Respecting the molecular rotatory power and the pyro-electricity of the two opposite 
tartaric acids, see p. 672. Their pyro-electricity is very strong; the heat of the hand 
developing it sufficiently, to affect a sensitive electroscope. 

The solution of tartaric acid forms white precipitates with the aqueous solutions, of 
caustic baryte^ strontia, lime , and acetate of lead, but it does not precipitate the chloride 
of barium, strontium, or calcium. Tartaric acid is distinguished from racemic acid by 
the greater solubility of its calcium-salt (p. 36). 

Tartaric acid added in excess to the solution of & potassium-salt forms a white crys- 
talline precipitate of acid potass ic tartrate, provided the solution is not too dilute: 
the addition of alcohol renders the reaction much mom delicate : the formation of the 
precipitate is also accelerated by stirring,. and by rubbing the sides of the vessel with 
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& glass rod. The precipitate is soluble in free alkalis, which convert it into neutral 
tartrate ; hence, for detecting small quantities of tartaric acid in a solution, free potash 
should not be used, but rather chloride or nitrate of potassium, an excess of which 
doea not dissolve the- acid tartrate. Tartaric acid may be detected in presence of a 
considerable quantity of citric acid by mixing the solution with acetate of potassium, 
and an equal volume of strong alcohol. On the other hand, a small quantity of citric 
acid may be detected in the midst of a large quantity of tartaric acid, by removing tho 
latter as above, evaporating the alcoholic filtrate, and treating the residue with chloride 
of calcium at the boiling heat (i. 995). (Spiller, Chem. Soc, Qu. J. x. 110 ; see also 
Schnitzer, Jabresb. 1862, p. 626.) 

Decompositions. — l. Tartaric acid melts between 170° and 180°, and is gradually 
converted, without loss of water, into the isomeric compound, metatart aric acid 
(p. 688). By prolonged heating, water is eliminated, and tartralic or di tartaric 
acid, C^H^O" = 2C'H 8 0* — IPO, is produced ; thon tart relic acid, C 4 11 4 O b ~ 
C*IPO # — IPO ; and ultimately insoluble tartaric anhydride, isomeric with 
the last. If the heat be increased, decomposition takes place, resulting in tho forma- 
tion of pyro tartaric and pyroracemic acids (iv. 769 771), together with acetic acid, 
formic acid, aldehyde, furfurol, ethylene, carbonic anhydride, &e. 

2. Tartaric acid heated with fusod hydrate of potassium is resolved into acetic and 
oxalic acids : 

= C*IP0 3 + C*IPO\ 

3. By the oxidation of tartaric acid {c.g. by the action of chromates, permanga- 
nates, peroxide of manganese, peroxide of lead, minium, &c.) t carbonic anhydride anil 
formic acid are generally produced. The solution of the acid wormed with salts of 
silver, gold, and platinum, reduces the metals. By alow oxidation, especially by the 
Hj>ontttucou8 decomposition of nitrotartaric acid, an oxidation-product loss re moved 
from tartaric acid is formed — namely, tartrouic acid: 

C 4 IP0 8 + O 9 - C’lPO* + IPO + CO 3 . 

Tartaric Thi ironic 

acid. acid. 

4. By the action of hydriodio acid or iodide of phosphorus, tartaric acid is reduced 
to malic or to succinic acid: 


C 4 H a O # + 2HI 

Tartaric 

acid. 


IPO + I 9 + C 4 IP0 4 . 

Malic 

acid. 


C 4 IPO a + 4HI 

Tartaric 

acid. 


2H*0 + 2P + C 4 H # 0 4 . 

Succinic 

acid. 


5. With pentachloride of phosphorus, tartaric acid yields chloromaloic chlo- 
ride, C'HdlO*.Cl 9 . (Porkin and I)uppa ; see Mai.kic Acid, iii. 788.) 

6. Pulverised tartaric acid, digested for several hours with chloride of acetyl, is con- 
verted into diaceto tartar ic anhydride, C*HK) T (Perkin, Chem. Soc. Qu. J. xx. 
150): 

C 4 IPO« + 2C 2 H*OCl = 2HC1 + H 3 0 + C 4 JP(C 2 IP0)-0\ 

7. Tartaric acid heated to 150° in a sealed tube, with an equivalent quantity of 
tonznic acid , yields benzotartaric aci d, C n H l# 0 7 «= C 4 H*(CMPO)0* =* (PIPO* -t* 
C 7 H n 0 3 — IPO. (Dessaignes, J. Pharm. [3] xxxii. 47.) 

8. Tartaric acid is decomposed by strong sulphuric acid- and by nitric and. With 
very strong nitric acid it forms nitrotartaric acid. — Chlorine mid bromine act but 
slightly upon the aqueous solution. 

9. The f crvientation of crude tartrate of calcium yields butyracotic acid. (N 6 liner, 

i. 688.) 

10. Tartaric acid heated with alcohols, monatomic or polyatomic, forms ethers, with 
elimination of water; in like manner with cane-sugar, glucose, dulcite, quercite, and 
other saccharoi’dal substances. (ScwTartaric Ethers.) 


Tartrates. — Tartaric acid, as already observed, is tetratomic, and for the most 

IP ) 

part dibasic, 2 of the hydrogen-atoms in the molecule, (C 4 H*0 9 /* j- 0\ being easily 

H i ( 

replaceable by metals, and the other two by alcoholic or acid radicles. With mona- 
tomic metals, it forms acid, neutral, and double salts, Like the following : 


H 

C 4 IP0 9 1 o* 
H JK ) 

Acid potsasle 
tartrate. 


IP ) 
C 4 H*0* O 4 
K 9 ) 

Neutral poiataic 
tartrate. 
XX 2 


H 3 ) 
OIPO* [ O 4 
Na.K J 

So<llo-poUu»fe 

tartrate. 



Tartrate, Mercurous.— -This salt is obtained, by precipitation r aa a whits 
crystalline powder, or in the form of shining needles or scales. It is insoluble in water 
hut very soluble in nitric acid. Boiling water decomposes and turns it grey. 

Tabtbates of Potassium. — The neutral salt,, C^HW, prepared by satu- 
rating the acid salt with carbonate of potassium, crystallises with difficulty in short 
monoclinic prisms, the faces of which hare generally very little lustre. Axes a : b 
« 0*4021 : 1 : 1*1085. Angle b : e ** 75° 12'; ooP : o©P (orthod.) *» 134° 50'; 
+ P»: o a 52° 5'; —Poo : c *» 37® 25'. The most frequently occurring faces are: 
ooP, oP, ooPoo , [ oopao ], +Poo f —Poo ; more rarely + £P occurs. Cleavage parallel 
to + Poo and —Poo . 

One part of neutral potassic tartrate dissolves in 0*75 pt. water at 2°, in 0*66 pt. at 
14°, in 0*63 pt. at 23°, and in 0*47 pt. at 64° (Osanh). It is very slightly soluble 
in boiling alcohol. Most acids added to the solution of this salt precipitate the acid 
tartrate ; bromine forms the same precipitate without attacking the tartaric acid. 

The acid salt, bitartrate of 'potash , or cream of tartar , is contained in 

grape-juice, and, being much less soluble in alcoholic liquids than in water, is deposited, 
during the vinous fermentation of the juice, in crystalline crusts, called crude tartar 
or argol. The same deposit is formed in many kinds of wine when kept in casks or 
bottles, and constitutes the well-known crust of port-wine. The salt likewise exists 
in many other vegetable juices. Crude tartar, when purified by recrystallisation, 
yields cream of tartar. The pure salt is also formed whenever tartaric acid is added 
in excess to the solution of a potassium- salt. 

The crystals of acid potassic tartrate belong to the triUietric system, and are iso- 
morphouB with the acid ammonium-salt. Axes a : b : c = 0*7115 : 1 : 0*7372. 
Angle P : P (brach.) = 125° 46' ; P : P (macr.) =r 100° 20'; P:P (basal) = 
103° 28'; ooP : c©P (macr.) ** 70° 62'; Poo : Poo (basal) = 72° 48; 2poo : 
2Poo — 111° 42'; 3Pw : 3foo e» 131° 20'. Ordinary combination P . ooP, with 
oopao and the above-mentioned br achy diagonal domes. One half of the crystals is 
generally sphenoidieally enlarged in comparison with the other half. Cleavage most 
distinct parallel to oP. Specific gravity of the crystals — 1973 (Schiff); 1*956 
(Buignet). 

Acid tartrate of potassium is but slightly soluble in water, requiring for solution 
about 240 pts. of water at 10°, and 15 pts. of boiling water. It is insoluble in strong 
alcohol, but dissolves easily in concentrated mineral acids and in alkalis, which con- 
vert it into the neutral tartrate. 

The following determinations of the solubility of acid potassic tartrate in water, at 
various temperatures, have been made by Alluard (Compt. rend. lix. 500; Jahresb. 
J864, p. 94) and by Chancel (Compt rend. lx. 408 ; Jahresb. 1865, p. 830), in 
pure water and in water containing lO'S per cent, alcohol. Alluard’s determinations 
were made under a barometrical pressure of 718 mm. : — 


Solubility of Cream of Tartar , C 4 H“KO a . 


Temperature. 

Quantities of Salt dlisolved in 100 pts. bj weight of 
water. 

Quantities of Salt dissolved 
In 100 pts. bj weight of 
water containing 10*5 
per cent, alcohol. 

Chancel. 

f 

Alluard. 

\ 

Chancel. 

o°c. 

0*32 

0*24 

o-u 

5 


0*30 

0*175 

10 

0*40 

0*37 

s a \ s - ■ r ; *• ■ 

15 


0*45 


20 

0*57 

0*65 


25 


0*67 

0*37 

30 

0*90 

0*805 

0*46 

35 


0*96 

0*57 

40 

1*31 

1*13 

0*70 

50 

1*81 



60 

2*40 



70 

8*20 



80 

4*50 



90 

5*70 



100 

6*90 




A saturated aqueous solution boils at 99*6° (Alluard). The solubility of the 
salt in water or in dilute alcohol is not diminished by the presence of glucose. 
(Chancel.) 
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The aqueous solution reddens litmus-paper, and dissolves a considerable number of 
metallic oxides, forming double tartrates. 

Cream of tartar, when calcined, emits a pungent odour like that of burnt bread, and 
loaves a residue of potassie carbonate, mixed with charcoal, the Sal Jhntm tartari of 
the older chemists ; calcined with saltpetre, it yields, according to the proportions, 
the black or white fiux used in metallurgical and assaying operations. 

Cream of tartar is one of the mordants most frequently employed in the dyeing of 
wool. Mixed with pounded chalk and alum, it forms an excellent powder for cleaning 

^Ammonio-pota&sio tartrate , C B H«(NH 4 )KO* obtained by saturating cream of tartar 
with ammonia or its carbonate, forms monoclinjc crystals isomorphous with neutral 
potassie tartrate. They alter quickly iu the air, giving off ammouia, and are very 
soluble in water. - , 

Lit hio-potassic tartrate, C B H 4 LiK0*.H*0, is very soluble in water, and, according to 
Zcpharovich (Wien. Akad.*Ber. xli. 520), crystallises in largo rhombic prisms, having 
the axes a : b : c - 0*5477 : 1 : 0*4430; angle *P ; ceP (brack.) - 122° 34*; 
p . ^p i32° 41*. They exhibit the combination »P . oopj . oop2 . ooPoo. P . 
0 p t hemihedral from predominance or exclusive development of four of the P- faces. 
Cleavage imperfect parallel to oP. 

Tartu at bs of Rubidium. — T he neutral salt has not been described. — The 
acid salt, C # H a RbO B , is isomorphous with the acid caesium-salt, exhibiting the same 
4P3 

faces with the exception of — , also the same striation and cleavage. Axes a : b : c 


* 0*726 : 1 : 0*695. Angle P : P (brach.) - 126° 43' ; P : P (macr.) - 103° 40* ; P : P 
(banal) = 99° 34' (J. P. Cooke). The crystals are permanent in the air, at ordinary 
t(‘ni]>omtures, and at 100° they dissolve in 8 45 pts. water at 25°, and in 8*6 pts. of 
boiling water. The great difference of solubility between this and the ores i urn -salt 
Htfbrds a means of separating the two metals by fractional crystallisation of their acid 
tartrates. (Allen.) 

Tartratk of Silvbr, C*H 4 Ag*0*— ' This salt is obtained, as an amorphous 
curdy precipitate, on mixing a cold dilute solution of silver-nitrate with a dilute soiu- 
firm of Rochelle -salt slightly acidulated with nitric acid: if the solutions are mixed at 
the boiling heat, the mixture turns brown, and deposits brown lamim© of metallic sil- 
ver. If a hot moderately strong solution of Rochelle-salt bo added to a dilute solu- 
tion of silver-nitrate, and the liquid heated to 80°, till the precipitate begins to 
be permanent (a certain quantity of the silver-nitrate remaining undecom posed), the 
filtered solution, on cooling, yields tartrate of silver, in while scales having a metallic 
lustre. 

Tartrate of silver is nearly insoluble in water. It blackens on exposure to light, and, 
when heated, gives off carbonic anhydrido and pyro tartaric acid, leaving a spongy 
shining residue of metallic silver. The dry salt is quickly decomposed by chlorine, 
yielding chloride of silver and empyreumatic products. When chlorine is paused into 
water in which tartrate of silver is suspended, carbonic anhydride is given off, and 
chloride of silver is obtained, together with unaltered tartaric acid.^ 

A solution of tartrate of silver in ammonia deposits metallic silver at the boiling 
heat, while the liquid retains in solution a peculiar animoniacal salt, which is less so- 
luble in water than tartrate of ammonium, and crystallises on cooling. — Caustic potash 
and mda decompose tartrate of silver at ordinary temperatures, oxide of silver being 
separated, and the liquid apparently retaining potassio-argentic or souio-argentic tar- 
trate. (Liebig and Redfcenbachor, Ann. Ch. Pharos, xxxvm. 132.— -Erdmann, 
J. pr. Cliera, xxv. 504.) 

Tahtrat ks of Sodium. — The neutral salt, C'HW^H'O, crystallises in tri- 
metric prisms having the axes a : b : 0*7696 : 1 : 0*3366. Angle oeP (J( rAC h.) 

- 104° 50'; ooP/Poo « 108° 31'; Poo : Poo (basal) ~ 132° 44 ; »P : ooP« ■ - 
142° 25’ - ooP : ool*oo * 127° 35*v Ordinary combination ooP . a»F«o . ooF«o . r» 
(De laProvostaye). The ciystals have a specific gravity of 1*794 (Bui gnat). 
They are limpid, permanent in the air, soluble in 5 pts. of cold water, very soluble n* 
hot water, insoluble in absolute alcohoL When heated, they melt in their water of 
crystallisation. By rapid crystallisation the salt is obtained in tufts of needles. 

The acid salt , C 4 H B NaO B .H*0, is formed on, mixing a hot solution of the neutral salt 
with * pt. tartaric acid, and separates in crystals on cooling. It dissolves in 9 pis. or 
cold and 1*8 pt. boiling water, but is insoluble in alcohol. It is difficult to obtain this 
salt in large crystals, but, by leaving a drop of the hot solution to evaporate under the 
microscope, small beautifully defined crystals soon make their appearance, lumng^tne 

form of right rhombic prisms ®P, bevelled at each end by the hemihodral foces -y. 
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Ammonio-sodic tartrate, C 4 H 4 Na(]!TH 4 )0 4 .4H ? 0 > i* obtained by saturating acid tay 
trate of ammonium with carbonate of sodium, and concentrating the solution ; also by 
mixing the warm solutions of equivalent quantities of the sodium- and ammonium -salts 
of racemic acid, and cooling the solution, or leaving it to evaporate, dextro- and leevo- 
tartrate of sodium and ammonium being then deposited in equal quantities. The 
crystals, which are often of considerable size, are trimetric, and isomorphous with 
those of the potassio-sodic salt. Axes a:b:o = 0 8233 : 1 : 0*4200. Angle oe>P * 
fnuur.) - 78° ; «l>2 : »P2 jfmaer.) - 44° 44'; foo : Pco (basal) - 84° 4'; £«,; 

Poe (basal) « 45° 34' ; 2Poo : 2Poo (basal) =» 80° 4\ Ordinary combination odP , 

00 P 2 (often predominant) . aoP*> . 00 P 00 . Poo . 2 P 00 • Poo the hemihedral 

2 

faces being situated on one side or the other of the crystals, according as the salt is 
dextro- or leevo -rotatory. Potatory power [a]i = *26°. Specific gravity of the 
crystals «= 1*687. (Schiff.) 

jAthio-sodic tartrate , C B H 4 LiNa0 # .2H 2 0, resembles the lithio-potassic salt, 

Potassio-sodic tartrate , Rochelle or Seignette salt , C s H 4 KNa0 a .4H*0. — This splendid 
Salt is prepared by adding, in small portions and successively, 4 pts. cream of tartar, 
and about 3 pts. of crystallised sodic carbonate, to J 2 pts. of boiling water. When the 
whole has been added, the liquid must be tested, to ensure that it is slightly alkaline, 
and then concentrated by evaporation. On cooling, it deposits fine large crystals of 
the double suit, and the mother-liquors yield an additional quantity ; after a certain 
time, however, they deposit nothing but needles of sodic tartrate ; but by redissolving 
these, and adding cream of tartar, an additional quantity of Rochelle-salt may be 
obtained. The crystals, which are often very large, are rhombic prisms, isomorphous 
with the preceding salt. Axes a : b : c = 0*8317 : 1 : 0*4296. Angle 00 P : 00 P 
(rnacr.) « 79° 30'; 00 P 2 : 00 P 2 (macr.) * 46° 10'; Poo : Poo (basal) = 54° 38'; 
Poo : Poo (basal) ==* 46° 30'; 2Pa> : 2poo (basal) ** 81° 20'. The crystals exhibit, for 
the most part,, the same faces as the ammonio-sodic salt; Poo , however, is usually but 
slightly developed. Specific gravity = 1*767 (Schiff) ; 1*790 (Buignet). 

The orystals melt in their water ef crystallisation between 70° and 80°, forming a 
transparent liquid, which begins to boil at 120°, the ebullition continuing till the tem- 
perature rises to 216°, by which time aU the water (amounting to 26*1 per cent.) is driven 
off. The residue is a viscid mass, which remains transparent when cold, and absorbs mois- 
ture from the air (Fresenius, Ann. Ch. Pharm. liii. 234).-— The dry salt dissolves iu 
2*62 pts. water at 5° (Frese niu s). The crystals dissolve in 3*3 pts. water at 3°, in 
2*4 pts. at 11°, and in 1*5 pt. at 26° (Osann) ; in 2 pts. at 5*6°, in 1*2 pts. at 12*6°, in 
0*42 pt. at 25°, and in 0*3 pt. at 37*6° (Brandes). The solution saturated at 8° has 
a density of 1*264. 

Rubidio-sodic tartrate , C 4 H 4 RbNa0*.4H 2 O. — The solution of this salt, when left to 
evaporate spontaneously, solidifies to a transparent jelly ; but, by slow cooling of a hot 
solution, crystals are obtained isomorphous with Rochelle-salt, and exhibiting the same 
faces, with addition of 2P2 and 2poo . (Piccard, Jahresb. 1864, p. 125.) 

Tabtbatbs op Trailium.— The neutral salt , CHW.is slightly soluble in 
water and in alcohol. The crystals, which usually occur as twins, appear to be trimetric, 
but different in form from the neutral ammonium- and potassium-salts. Be la Pro- 
vostaye gives, as approximate measurements of the angles, 00 P ? 00 P (macr.) 60° ; 
00 P : oo P, 120°; . oc Px : Poo » 131°; ocp : ■ 110°, The crystals are 

anhydrous alterable in the air, become carbonised at 170°, and at higher temperatures 
leave yellow oxide of thallium, with a small quantity of reduced metal. 

The acid salt , C*H*T10*, is precipitated, on adding tartaric add to a solution of the 
neutral suit, in small flat prisms, which are difficult to measure. Be la Provoetaye 
gives, as approximate angular values, ootoo : oqP » 123°; too ; Poo « 108° to 110°; 
00 P 00 ; poo — 126° to 126° t these angles are nearly the same as in the acid tartrates 
of ammonium and potassium. This salt is less soluble then the neutral tartrate of 
thallium. (Ruhlmunn, Jahresb. 1862, p. 188.) 

A Tartrates containing Diatomic Metals. 

Tabtratk os Barium, C 4 H 4 Ra''0", is precipitated, on mixing tartrate of notes- 
wnm with chloride of barium, or tartaric acid with baryta-water, in white flocks, which 
become crystalline when left nt rest ; it is insoluble in excess of tartaric acid. 

Potmmlo-baric tartrate, C“H v Ba"K , O l, .2H , 0, or C 4 H 4 Ba'WC , H 4 K*0 ,a .2H*0, is 
obtained, as a sparingly soluble pulverulent predpitate, on evaporating a solution of 
cream of tarter with baryta-water. — Sodio-barie tartrate , 0*H f Ba w Ka , 0 ,, .2H*0, is pre- 
cipitated on muring a solution of Rochelle-salt with chloride of barium ; if; however, 
tho solutions ape dilute, it separates, after some time onlv, in the form of needles; it 
ie slightly soluble in water, more soluble in solution of Rochelle-salt, 
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TiBTBiTB of Cad Minx forms woolly needles, nearly insoluble in water. 
Tabtbatss of Caicidm. — T he neutral salt, C , H 4 Ca"0*.4lI , 0, exists in several 

S lants, especially in grapes, and is sometimes found in small crystals in the tartar 
e posited from the juice. It is precipitated, as a white crystalline powder, on mixing 
tartrate of potassium with a solution of calcic chloride ; if the liquors are dilute, the 
precipitate does not appear for some minutes. Tartaric acid forms, with lime-water* 
copious white flocks, which gradually become crystalline ; the precipitate redissolves in 
excess of tartaric acid ; and the solution, when left at rest, deposits crystals of neutral 
calcic tartrate. * The hard shining cry stale of this salt are nght rhomboids! prisms, 
ooP, having the basal summits modified by the octahedral face P. Angle o©P : 
ooP = 97° 3<y;P : P - 122° 15'. (Pasteur.) 

Tartrate of calcium is very slightly soluble in cold, rather more soluble in boiling 
water. According to F. Mohr (Jahrcsb. 1865, p. 393), it requires for solution 6,265 
pts. of water at 16°, and 352 pts. of boiling water. Mineral acidB, acetic acid, and 
cream of tartar dissolve it easily. The solutions, unless very concentrated, are not 
immediately precipitated by ammonia, but the mixture, after some time, deposits 
crystals of neutral calcic tartrate. The flocculent precipitate formed in a solution of 
calcic chloride by neutral potassic tartrate, dissolves in sal-ammoniac, and the liquid 
gradually deposits crystals of calcic tartrate. 

Crude tartar containing tartrate of calcium, when kept in a moist warm place, often 
passes into a state of fermentation, induced by vegetable organisms present in it, the 
tartaric acid being converted into bntyracetic acid. This chaugo is especially liable to 
take place during the preparation of tartaric acid in warm weather, aflor the crude 
tartar has been mixed with lime. 

Acid tartrate of Calcium , C' , H ,0 Ca"O ,t , or C < H , Cu'’0 # .C l H e 0 , > appears to exist in the 
juice of Ilhus Typhinum , and is produced (according to Du Ik) on adding tartaric acid 
to lime-water till the precipitate redissolvcs: the solution, if left to itself, deposits 
crystals of neutral calcic tartrate, but if evaporated immediately, it yields rhomboids! 
octahedrons of the acid tartrate, having the angles of the terminal edges — 82° 50' and 
1 oo°. The crystals are transparent, redden litmus, are slightly soluble in cold water, 
more soluble in boiling water. 

Po/aeeio-calcic tartrate appears to be obtained, in the crystalline state, by spon- 
tnncmiR evaporation of a mixture of cream of tartar and lime-water. Neutral tartrate 
of calcium dissolves at a gentle heat in caustic potash, and the saturated solution deposits 
part of the neutral Balt on addition of water. When boiled, it is converted mto a 
thvk pasty mass, but becomes clear again on cooling. Tartrate of calcium dissolves 
when boiled with solution of neutral potassic tartrate, and the liquid, evaporated to ft 
syrupy consistence, solidifies on cooling to a mass of neodlcs. 

So din- calcic tartrate is precipitated in flocks, on mixing a solution of Hochelle-salt 
with chloride of calcium ; if the solutions are dilute, it is gradually deposited in small 
needles. It is slightly soluble in water, more soluble in excess of Rochelle-salt, still 
nmre in chloride of calcium. 

Caustic soda reacts with tartrate of calcium like caustic potash. 

Txrtkatb of Cobalt is a red crystallisable salt. — Potassio-cobaltoue tartrate 
forms large rhomboidal prisms. 

Tabtratks of Copper. — Cupric tartrate, C 4 H < Cu"O*.3H*0, is a light-green 
crystalline powder, precipitated on mixing the neutral potassium-salt with cupric sul- 
phate or nitrate, ft dissolves in 1,716 pts. of cold water, and in 310 pts. of boiling 
water ; also in nitric acid, but is insoluble in tartaric acid. 

Potassio-cupric tartrate is obtained in blue crystals by boiling cupric oxide or 
carbonate with cream of tartar. Cupric tartrate dissolves in caustic potash, form- 
ing a blue liquid. Cupric salts mixed with tartaric acid are not precipitated by 
alkalis. 

A solution of cupric sulphate mixed with potash, and a sufficient quantity of tartaric 
acid to prevent precipitation, is reduced by boiling with many organic substances, 
especially glucose, and is used for the estimation of the latter (ii. 860). 

When a solution of pot&ssio-cupric tartrate is exposed to the action of chlorine, or 
mixed with an alkaline hypochlorite, not in excess, a yellow precipitate is formed, con- 
sisting of a compound of 2 at. cuprous formate (CflCu'O 1 ) with 1 at. sodic carbonate 
<CNa s O a ) ; afterwards cuprous oxide is separated. (E. Mil Ion, Compt. rend. lv. 613 ; 
Jahresb. 1862, p. 216.) . " 

A basic sodio-enprie tartrate, C i H*Na*0u w 0 ,, .2C!u0.7H , 0 (?), is obtained by dissolving 
cupric tartrate in a boiling solution of sodic carbonate ; the blue liquid, when concen- 
trated, deposits tho double salt in mammeilated groups of small tabular crystals, very 
soluble in water. If the boiling be too much prolonged, a precipitate of cuprous oxide 
is formed. 



Ammoniacat Ouprio Tartrates. — The tetrammoniated edit, 4NH*.C 4 H 4 Cu*0** or tartrate 
<tf ammocupramTnonium, 0 4 H 4 [N 4 H 4 (NH 4 ) a Cu"T'0*, remains, on evaporating a solution 
of cupric tartrate in ammonia, as an uncrystallisable, hard, vitreous mass, permanent 
in the air. Its aqueous solution is also very permanent, does not act upon cellulose 
and is not reduced by heating with glucose. At 150° it gives off all its ammonia - 
between 100° and 110° only hal£ leaving tartrate of cupr ammonium, 2NH*.C*H*Cu"0* 
« C 4 H\N*H*Cu M )*0 - . 

Cupric tartrate dissolves easily also in aqueous ethylamine, forming a dark-blue 
liquid, which, on evaporation, leaves a blue, vitreous, deliquescent salt, approximating 

in composition to the formula C 4 H 4 CjJjj 2 (C 2 H 3 ) j (Schiff, Jahresb. 1862, 

p. 204.) 

Tartrate, Fibjbous. — White or pale-green crystalline powder, precipitated on 
mixing a solution of ferrous sulphate with tartaric acid or neutral potassic tartrate, or 
on dissolving metallic iron in tartaric acid. It dissolves easily in caustic alkalis, 
forming a solution which oxidises quickly on exposure to the air. 

Tartrates of Lb ad. — -The monoplumbio or dibasic salt, C 4 H 4 Pb"0®, is a white 
crystalline precipitate, obtained by mixing nitrate or acetate of lead with tartaric 
acid. It is very soluble in nitric acid and in excess of tartaric acid ; also in tartrate 
of ammonium, the concentrated solution solidifying to a gelatinous mass. When 
treated, with chloride of acetyl, it yields chloride of lead and a thick yellowish syrup, 
which decomposes at 130°, with evolution of carbonic oxido and carbonic anhydride. 
(Schiitzenb erger, Jahresb. 1861, p. 439.) 


A diplumbic or tctrabasic salt , C 4 H 2 Pb 2 O a , is obtained by boiling an ammoniacal 
solution of the monoplumbic salt. (Erdmann, Ann. Ch. Pharm. xxi. 19. — Heintz, 
Zeitschr. Ch. Pharm. 1861 f p. 17.) 

Tartrates of Magnesium. — Th e neutral salt, C 4 H 4 Mg"0 B .4H*0, is obtained 
in crystalline crusts, by evaporating a solution of magnesium-carbonate in tartaric acid. 
It dissolves in 122 pts. of water at 16°. — The acid salty C“H 1B Mg"O l11 (crystallised), is 
formed in the preparation of the neutral salt when an excess of tartaric acid is used. 
It forms crystalline crusts, soluble in 62 pts. water at 16°. 

Pot asst o-magnes ic tartrate, C 8 H B Mg"K !i O a .4H a O, is obtained, in crystals, by boiling 
cream of tartar with water and carbonate of magnesium. — An ammanio-magncsic salt 
of corresponding composition is obtained in a similar manner. — The sodio-magnesic 
salt , C*H*Mg"Na 2 0*.5H*0 f is deposited, on evaporating s mixture of Rochelle-salt and 
carbonate of magnesium, in monoclinic prisms having the angles ooP : ooP = 129°; 
oP : ooPoo = 103°. Ammonia throws down from the solution of either of these salts 
a basic tartrate of magnesium,- C 4 H 4 Mg"0VMg"0.2H 3 0, the formation of which 
interferes considerably with the use of tartaric acid in Otto’s method of separating 
phosphoric acid from certain bases : hence citric acid is preferable for this purpose. 
(See Phosphoric Acid, iv. 647.) 

Tartratb of Manganese. — A solution of neutral potassic tartrate, mixed with 
manganous chloride, first deposits acid tartrate of potassium, and then colourless 
crystals of manganous tartrate, which are decomposed by boiling water into a soluble 
acid salt and an insoluble basic salt. By dissolving manganous carbonate in cream of 
tartar, a very soluble salt is obtained, difficult to crystallise. 

Tartrate, Mercuric. — White precipitate, insoluble in water, very soluble in 
weak nitric acid. 

Ammonio-mercurio tartrate , obtained by boiling acid tartrate of ammonium with 
mercuric oxide, forms small prisms soluble in water. — Tartrate of mereurammonium 
is obtained, by digesting mercuric tartrate with ammonia, as a white powder 
insoluble in water. It appears also to be formed when mercuric oxide is heated 
with neutral tartrate of atnmoninm: the oxide then dissolves, with evolution of 
ammonia ; and if an excess of it be tfsed, a white compound separates ; the filtered 
liquid, when concentrated, deposits needles, and, on addition of water, a white precipi- 


tate, containing 6H*0. (H a r f f, Brandea* Arch. v. 269. — Bu r c k- 

hardt, ibid [2] xi. 267.) 

Potmmo^mrmrw tartrate is obtained, in small slightly soluble prisms, by digesting 
mercuric oxide, with cream of tartar. — When cream of tartar is boiled with chloride 
of mereurammonium (white precipitate), a large quantity of carbonic anhydride is 
evolved; the filtered liquid deposits, on evaporation, sparingly soluble salts containing 
mercug ; aadtjhe moth er-liquors yield needles, apparently consisting of the compound 

Tabtratb of Nickel. — Precipitated as a green crystalline powder nearly 
insoluble in water, on saturating a boiling solution of tartaric add with hydrate of 
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carbonate of nickel. It dissolves easily in a hot solution of caustic potash or soda, or 
in sodic carbonate, the solution solidifying to a pasty mass on cooling. Nickel-salts 
mixed with tartaric add are not precipitated by alkalis. 

Tartrate of Nickel and Potassium, C* H^Ni'TL'O'* (at 110°), is produced by heating 
carbonate of nickel with finely-pulverised cream of tartar and water. The resulting 
green solution is decomposed by boiling, but, when evaporated over oil of vitriol, it 
yields an apple-green crystalline powder, which effloresces in the air, and dissolves com- 
pletely in water. 

Tastbite or Pall ad ium.— Light-yellow precipitate, formed on mixing nitrate 
of palladium with an alkaline tartrate. 

Tabtrates op Strontium. — The neutral salt, C 4 H 4 Sr"0*.4H , 0, U deposited, 
on mixing a cold solution of potassic tartrate with nitrate of strontium, in monoclinic 
prisms, having the anglo oP : <»P -■ 92° 35'; ooP : ooP « 125°20'(De la Pro- 
vostaye). It dissolves in 147 pts. of water at 16°, and is moderately soluble in solu- 
tion of sal-ammoniac. — According to Marignac (Ann. Min. [6], xv. 280; Jahresb. 
1869, p. 286), a solution of strontium-carbonate in exccsB of hot aqueous tarturic acid 
deposits the neutral salt on cooling in trihydrated crystals, C 4 H 4 Sr H 0*.3H 5t 0, having 
the form of monoclinic prisms, cePao . [ ooPao ] . oP . + Poo . —Poo, in which 
ogP occurs with only two faces, situated to the right when tho crystal is placed with 
tin? diuodiagonal directed towards the observer, and the obtuse angle of the inclined 
Hxis to the front and above ; also a face of + P and a face of — P to. the left. Anglo 
ocPoo : ooP = 140° 1'; oP : ocPoo - 102°; ooPoo : + Poo - 123° 43'; oePoo 
: - Poo = 137° 32'; oP : +P « 128° 4' ; oP : -P « 138° 20'. The crystals 
do not give off any water at 100°. 

7 art rate of i Strontium and Ammonium , C B H B Sr''(NH 4 ) 2 OM2H , O f separates from the 
mother-liquor of the neutral strontium-salt, on neutralisation with ammonia, in thin 
rectangular laminae, which are trimetric combinations, oof^oo , ooP . 2 . P oo , with 

four P-fsvces occurring hemihedrally. Angle ootoo : ooP — 124° 68'; odPod : Poo 
= 124° 20' ; ooP : P «= 14U°. (Ma r i gn ac, loc. cit.). 

Tartrate of Strontium and Potassium, C*H*Sr"K 2 0 ,B .211*0, is obtained like the cor- 
responding barium-salt (p. 680). — Tho sodium-salt , C 8 H B Sr"Na 2 0 12 (after drying), is 
obtained, as a gummy very soluble mass, by saturating strontia-water witii acid tar- 
trsite of sodium, and evaporating. 

Tartrate of Tin. Stannous Tartrate, C*H*Sn"0*.— - Prepared by pouring u 
boiling solution of tartaric acid into a concentrated solution of stannous acetate. It 
forms white microscopic crystals, consisting of prisms with rectangular base, soluble in 
cold water, more soluble and without decomposition in boiling water, still more in 
water acidulated, with tartaric acid, the solution not being precipitated by ammonia. 
When strongly heated, it leaves a residue of stannic oxide. 

Hy treating the acid tartrates of ammonium and potassium with stannous oxide, 
salts are formed which crystallise well, and appear to be perfectly stable in presence of 
water. 

Tartrate, TTraxoub. — Tartaric acid throws down from uranouB chloride a 
greyish-green precipitate, consisting of a basic salt, 2C 4 lI 4 U "0*.U"H 2 0 :i , which is very 
soluble in hydrochloric acid, and. is not precipitated by ammonia. 

Tartrates of Yttrium. — The neutral salt, C 4 H i Y''0 # .4H , 0, is formed, on 
adding neutral tartrate of potassium to acetate of yttrium, as a bulky precipitate solu- 
ble in excess of the potassium- salt. Its solution in an equivalent quantity of tartaric 
acid deposits after a while a crystalline precipitate, insoluble in water, consisting of 
the acid salt , C'EMTO 1 *. (Popp, Jahresb. 1804, p. 206.) 

Tartrate of Zinc. — Hot concentrated solutions of zinc-sulphate and neutral 
potassic tartrate, yield a yellowish-white crystalline precipitate, very slightly soluble 
in water, easily soluble in .caustic potash or soda. Cream of tartar digested with 
excess of zinc or its oxide, forms a solution which deposits a white powder, and dries up 
to a gummy mass. 

y. Tartrates containing Triatomic Metals and Metalloids . 

Tartrate of Aluminium. — This salt occurs in Lycopodium clavatum . • Its 
solution, when evaporated, leaves a gummy non-deliquescent mass. 

The solution of neutral potassic tartrate dissolves a large quantity of alumina 
without becoming alkaline ; the liquid, on addition of alcohol, deposits oily drops, the 
aqueous* solution of which dried up by evaporation to a gummy mass, containing both 
potash and alumina. Acid tartrate of potassium likewise dissolves alumina, forming 
an amorphous mass, which is not precipitated by alkalis. 

T ARTBATxs of Antimony. (Respecting the several view* of the eonstitutsom 
of these salts, see p. 676 ). — Neutral antimtmums tartrate, C*H*(SbO )*O f .H f O, is the 



white granular precipitate formed on adding alcohol to a solution of antimonies 
oxide in aqueous tartaric acid. It is insoluble in water, gives off its water of crystal, 
ligation at 100°, and an additional atom of water at 190°, leaving the salt 
C'H a (SbO)"0», analogous in composition to the first anhydride of tartaric acid .— -Acid 
antimonious tartrate, C 4 H f (SbO)0 # , or C 4 H 4 (Sb0)*0 # .C 4 H*O*(?), appears to be formed 
on adding alcohol to the concentrated solution of the hyperacid salt. At 160° it gives 
off 1 at. water, leaving the salt C 4 H S ( SbO)O a . — The hyperacid salt, C 4 H 4 (Sb0)*0*. 
SCTIH)* 5H a O, is deposited, after some time, from a syrupy solution of antimonions 
oxide in excess of tartaric acid, in large crystals derived from a right rectangular 
prism. It is veiy soluble in water, deliquesces in moist air, and gives off 23*1 percent, 
water at 160°. (Pdligot, Ann. Ch. Phys, [3] xx. 289.) 

Ammonio-antimonious tartrate , C 4 H 4 (NH 4 )(SbO)0®.JH 2 0, is produced by 
boiling antimonious oxide with solution of acid tartrate of ammonium. The filtered 
solution, evaporated to a stiff jelly, gradually yields rather large octahedral crystals 
belonging to the trimetric system, in which the axes a : b : c = 0*8923 : 1 : 10801. 
Angle P : P (brach.) = 110° 58'; P : P (macr.) = 101° 8'; P :P (basal) « 
116° 42'. Ordinary combination, P . oP . 2P . ooP, the P-faces being predomi- 
nant, And four of them, so situated as to form by extension a rhombic sphenoid, being 
more developed than the other four. Cleavage parallel to oP. The crystals are 
isomorphous with those of ordinary tartar-emetic, and more soluble than the latter. 
They effloresce on exposure to the air, and give off ammonia when heated a little 
above 100°. 

When the octahedral crystals just described have been removed from the mother- 
liquor, this liquid yields, in a short time, fine prismatic crystals, much more efflorescent 
than the octahedral crystals, and containing f at. water (15*3 per cent.), which they 
give off at 100°. These crystals are rhombic prisms, having the angle ooP : ooP ~ 
127°, and hemihedral from having two only of the edges of each base replaced by the 



bases. (Pasteur.) 

Potassio-antimonious tartrate, C 4 H 4 K(Sb0)0*.jiP0. Tartar-emetic. Tar- 
tarus emeticun. Tartarus stibiatus. Brechweinstcin, Sp iessglanzwtinste in . — This 

salt was known to the older chemists. It is generally said to have been discovered" 
by Mynsicht (about 1631), but it had been previously mentioned by Basil Valentine, 
about the end of the fifteenth century. It is prepared by boiling 3 pts. antimonious 
oxide for about half an hour with 4 pts. cream of tartar, renewing the water as it 
evaporates, and filtering the solution while still hot. Instead of antimonious oxide 
the oxychloride (algaroth-powder) or oxysulphide (glass of antimony) may be used. 

Potassio-antimonious tartrate forms octahedral crystals isomorphous with the corre- 
sponding ammonium-salt, and exhibiting tliB same faces and direction of cleavage. 
Axes a:b:c » 0*9558 : 1 : 1*054. Angle P : P (brach.) ^ 108° 16' ; P : P (macr.) 
-r 104° 22'; P : P (basal) =*, 116°. Optical rotatory power [a]J = +156° 2'. 
Specific gravity of the crystals «=* 2*807 (Schiff); 2*588 (Buignet). 

Tartar-emetic gives off part of its water of crystallisation on exposure to the air, the 
crystAlsthen becoming opaque, and the whole at 100°. When heated to 200°, it gives 
off another atom of water, and loaves the salt C 4 H a K(SbO)O a , analogous in constitu- 
tion to the first anhydride of tartaric acid. 

Tartar-emetic dissolves in 14*5 pts, of cold and 1*9 pt. of boiling water. The 
solution yields a crystalline precipitate with alcohol, reddens litmus, and h^s a nauseous 
metallic taste. It is used in medicine; from 5 to 10 centigrammes are sufficient to 
excite vomiting; in large doses it is poisonous. It is also used externally as an in- 
gredient of pommades and plasters for the treatment of skin -diseases, chronic catarrh* 
&c. 


Sulphuric, hydrochloric, and nitric acids form, with solution of tartar-emetic, white 
precipitates consisting of basic antimony-salts, soluble in excess of those acids, and in 
tartaric acid. — Ammonia forms, in the concentrated aqueous solution, a white precipi- 
tate of antimonious oxide insoluble in excess of ammonia. — Potash forms a simitar 
precipitate, soluble in excess. — Mercuric chloride forms a precipitate of calomel. — 
Sulphydric acid throws down orange-red antimonious sulphide; infusion of gaUe 
throws down white flocks, and produces a cloud even in dilute solutions. 

Tartar-emetic is reduced at & white heat* yielding an alloy of antimony and potas- 
sium, mixed with charcoal, which decomposes water with evolution of hydrogen, and, 
when brought in contact with a few drops of water, sometimes produces violent ex- 
plosions. 

An add potassio-antimonious tartrate , C 4 H 4 K(SbO)O^C 4 H a O a .|H*0, is usually 
contained in the mother-liquors of ordinary tartar-emetic, and is likewise psodnfisi 
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by mixing 9 pto. of the latter with 4 pte. of tartaric add, and evaporating at a gentle 
heat The solution first deposits crystals of common tartar-emetic, then (when ft has 
attained a syrupy consistence) confused crystals of the acid salt, haring the form of 
oblique rhomboids! prisms, which effloresce on exposure to the air, and give off 9*22 
per cent, water at 100°. Alcohol, added to the solution of this salt, throws down 
tartar-emetic, leaving tartaric acid in solution. (Knapp, Ann. Ch. Pharrn. xxxii. 
76.) 

A compound of tartar-emetic and cream of tartar , CGFK^bOJO^SC^KO*, is 
obtained by boiling equal weights of the two salts with water. On adding carbonate 
of potassium to the solution as long as effervescence takes place, and evaporating, 
mam me Hated groups of needles are obtained, resembling wavellite in appearance, and 
probably consisting of a compound of tartar-emetic with neutral tartrate of potassium. 
They are very soluble in water, and tartaric acid added to the solution throws down 
scales of the preceding salt. (Knapp.) 

Potassio-antimon ic tartrate , probably C^IDK^bO*)©*. a?H*0, is prepared, 
like tartar-emetic, with antimonic oxide and cream of tartar. The solution, which 
is not precipitated by hydrochloric acid, dries up on evaporation to a gummy mass. 
(Geiger and Reiman n, Mag. Pharrn. xvii. 18. — Mi tsch erlich, Pogg. Ann. lxxiii. 
306.) 

R u bidio-an ti mon ious tartrate, (FH^b^bOjO - . J 11*0. — Prepared like tartar- 
emetic. The solution, filtered at the boiling heat, first deposits crystalline crusts con- 
taining but little antimony (probably impure acid tartrate of rubidium), and, when 
furl her concentrated and left to itself, crystals of the double salt, isomorphou* with 
tartar-emetic. (Grandeuu, Ann. Ch. Phys. [3] lxvii. 153.) 

Sodio-antimoniou* tartrate , C 4 lPNa(Sb0)0*.JH !t 0 1 is prepared in the same 
manner as the potassium- salt. The crystals, which absorb moisture from the air, are 
trimetric, having the axes a : b : c «■ 0*9217 : 1 : 1*08. Angle ooP : ooP ■» 85° 20*; 
oo P : ooPoo — 137° 20'. Ordinary combination ooP . aa Poo . ooPoo . oP . Poo . 
JFoo . 

Double Salts, analogous to Tartar-e me tic, obtained by Precipitation. 
— The solution of tartar-emetic forms, with salts of barium, calcium, strontium, cad- 
mium, lead, and silver, precipitates consisting of tartar-emetic in which the potassium 
is replaced by the other metal. — The argentic salt has the composition C*ll'Ag(yb0)0 - . 
— The other salts are represented by the general formula C*IFM - (Sb0) 2 0 ,a . — The 
barium-salt is precipitated in white scales, containing 2 at. water, which they give off 
Ht 150°.— Tlio cadmium-salt , C*H*Cd / (Sl>0) 2 0 ,i (at 100° ), gives off 2 at. water at 
200 J , leaving the salt C*H 4 Cd'\SbO)*0 ,# (Sc hi ff, Jahresb. 1867, p. 221). — A com- 
pound of caicia-antimonious tartrate vnth calcic nitrate , 4C*H ,, CV'(^bO ) 2 0 ,2 .Ca' N 2 0*. 
611*0, crystallises from a solution of tartar-emetic mixed with excoss of calcic nitrate, 

in trimetric combinations oP . odPoo . coP . Poo . jPao . Pao . ( sphenoidal ly he* 

mihedral), which, when oP and oepoo are predominant, and ooP and Poo equally 
developed, present the appearance of quadratic forms with the faces ooP and P predo- 
minating. Angle oo P : ooP (brach.j • 121° 6* ; Px> : Pao (bssal) • 124° 40 J 
oP : Pao »= 134° 39'. The compound, when recry stal Used, is partially decomposed, 
with separation of pulverulent calcio-anti mon ious tartrate (Marignae, Ann. Min. [5] 
xv. 280; Jahresb. i860, p.287). — Strontio-antimonious tartrate, C"H*Sr"(»Sb0) 8 0'*, first 
prepared by Kessler, is obtained by dissolving pulverised tartar* emetic in a cold 
solution of excess of strontium-nitrate ; and separates, on warming the liquid, in hexa- 
gonal combinations of ooP with P, 2P or oP. Angle P i P (terminal) — 138 ' 26'; 
2P : 2P (terminal) - 126° 48'; coP : P - 136* 12*; <*P : 2P * 163 J 36' 
(Marignae, he. cit.). By digesting 1 pt. of strontium -nitrate with 2 pto. water and 
an excess of strontio-antimonious tartrate at 30° — 35°, and leaving the filtrate to 
evaporate, large very soluble crystals are obtained, consisting of the compound 
C*H"Sr' r (8b0) , 0 ,J Br w fI*0 < .H*0, the solution of which deposits strontio-antimonious 
tartrate on boiling. (Kessler, Pogg. Ann. Ixxv. 410.) 

DoubleSalts of Antimonioue Tar trate containing Orgs nic Bases.— 
These salts are prepared by boiling the acid tartrates of the several bases with anti- 
monious oxide or the bases themselves with tartar-emetic. — The berberine-salt, 
C 4 H*(C a *H , *N0 4 XSb0)0*, crystallises like wavellite, is very slightly soluble in cold 
water, and may be recry stalUsed without decomposition from alcohol (Stenhonse, 
Jahresb. 1863, p. 462).— The brucine-salt, <^H\&-H*N’0XSb0;0* forms short retry 
brittle crystals (Stenhouse, VAd. p. 447).— The ciiuhomdins-saH crystallises in 
prisms easily soluble in water and in alcohol (Hesse, ibid. 1866, p. 415). The mar- 
pkinesalt forms nodular groups of crystals, sparingly soluble m cold water, and 
decomposed by prolonged boiling with water (De char me, « bid* 1668, p. 446). The 



strychmne-salt form# brittle Readies or laminae, very slightly soluble in water, (8 ten. 
house.) . - * 

Tartrates of Ajesekic. — Arsenious and arsenic oxide dissolve in acid tar- 
trates of alkali-metal* forming double salts analogous to tartar-emetic. (Mit- 
gcherlich, Lekrbuch . — Pelouze, Ann. Ch. Phya. [3] vi. 63. — Marignac, loo. tit.) 

Ammomo-arsenioua tartrate , C 4 H 4 (NH 4 )(AsO)0*.^li a O, is prepaid by boiling 
arsenious oxide for a long time with acid tartrate of ammonium, the filtered liquid 
first depositing crusts of the latter salt with a little arsenious oxide, and afterwards, 
when strongly concentrated, large efflorescent crystals of the double salt, which are 
trimetric combinations having the axes a : b : c =. 0-8760 : 1 : 0*6041. Angle P : p 
(brach.) - 122° 64'; P : P (macr.) « 1 13° 52' ; P : P (basal) = 93°; odP : »P 
(macr.) « 82° 26'; 23roo : 2? oo (basal) = 108^28'. Observed combination ooP. 
oofao . P . 2?oo . oP (Marignac). — The corresponding potassium- and sodium-salts 
are obtained in like manner, but do not. crystallise so well. Marignac obtained the 
potassium-salt in rhombic prisms of 92° 50 r with dihedral summits of 85° 10', resting 
on the acute prismatic edges. 

Potassio-araenic tartrate , C 4 H 4 K(As0*)0® §H 2 0, is obtained by adding 1 pt, of 
cream of tartar to a solution of rather more than 1 pt. arsenic oxide (As*O a ) in 6 or 6 
pts. of water, and raising the liquid to the boiling heat. — or, better, mixing it with 
alcohol, the double salt then separating as a crystalline powder. It is very soluble in 
water, which however quickly decomposes it, liberating acid tartrate of potassium. It 
parts with its water of crystallisation at 100°, but does not give off any more water at 
higher temperatures without undergoing complete decomposition. (Pelouze.) 

A "^compound of atrontio-arsenious tartrate with nitrate of ammonium , 
2C*H 8 Sr"(AsO)*O l * (NH 4 )N0 3 .12H*0, separates from a mixture of the component salts 
in large trimetric crystals, ooP . acp2 . coPco . oopao . Poo . ^Pao . Angle a>P: 
ooP (brach.) «=* 113° 58'; Poo : Poo (brach.) 113°. The form of the crystals 
resembles that of a dimetric or quadratic combination, in which ooPoo would form the 
end -face ; but the crystals are not optically uniaxial. (Marignac.) 


Tartrates of Bismuth, C ,a H'*Bi a O ,8 .6H a O - Bi 3 0».3C 4 H 4 0 A 6H*0.— When 
a hot concentrated solution of 4 pts. tartaric acid is added to a hot, moderately strong 
solution of 5 pts. bismuth-oxide in nitric acid, the mixture first remains limpid, but, 
when left at rest, deposits a considerable quantity of bismuth -tartrate in small crystals, 
forming a hard white crust at the bottom of the liquid ; they must be washed with 
aqueous tartaric acid, as pure water decomposes them. (R. Schneider, Pogg. Ann. 
lxxxviii. 65.) 

Tartrate of Bismuth and Potassium is produced by boiling a solution of cream of 
tartar with excess of bismuth -oxide, and is deposited, on concentrating the liquid, as a 
perfectly white powder, containing (at 100°) C 4 H 2 K(Bi0)0 A , analogous therefore to 
tartar-emetic dried at 200°. (Schwarzenberg, Anu. Ch. Pharm. lxi. 244.) 

Tartrates of Boron. (Meyrac, J. Pharm. iii. 8. — Soubeiran, ibid. iii. 
399; xi. 560 ; xxxv. 241. — Soubeiran and Capitaine, ibid. xxv. 741. — Duflog, 
Schw. J. lxiv. 333. — Vogel, J. Pharm. iii. 1. — Robiquet, ibid. [3] xxi. 197. — 
Wackenroder, Arch. Pharm. [2] lviii. 4. — Wittstein, Repert Pharm. [3] vi. 1, 
177. — On the optical characUrs of these salts : Biot, Ann. Ch. Phys. [3] xi. 82.) — Tar- 
taric acid forms, with boron and the alkali-metals, salts analogous to tartar-emetic, the 
group BO taking the place of hydrogen, or a metal, just like the group SbO. 

Tartaric and boric acids, triturated together, form a mixture which appears to be a 
definite compound, inasmuch as it deliquesces in moist air — a property not exhibited 
either by tartaric or by boric acid alone. Boric acid also dissolves in water contain- 
ing tartaric acid more easily than in pure water, the boric acid being, however, depo- 
sited on evaporation. 

Boropotassic Zar£rG/<?,C 4 H*K(BO)0 4 (at 100°) — also called Borotartrate of potassium* 
or Soluble Cream qf Tartar — is obtained by evaporating to dryness, 1 pt. boric anhy- 
dride, 2 pts. cream of tartar, and 24 pts. of water, and treating the mass with alcohol, 
which takes up the excess of boric acid. It is a white amorphous mass, very soluble 
in water, but insoluble in alcohol. Mineral acids added to its solution, do not throw 
down either boric acid or cream of tartar. At 180° it gives off 1 at. water, leaving the 
salt C 4 H 2 K(B0)0*, and behaves in other respects like tartar-emetic. Soluble cream 
of tartar is usediu medicine as a purgative, and externally as a lotion for ulcers. 

By boiling; for some hours, 1 pt. boric acid and 12 pts. cream of tartar with a large 
quantity of water, removing the deposit of cream of tartar which settles down on 
cooling, then evaporating to dryness, taking up the residue with a little cold water, 
removing the new deposit of cream of tartar (if any), repeating these operations tall 
cold water no longer separates the latter salt, and finally treating the product with 
boiling alcohol, a salt is obtained, containing 11*4 per cent, of boric anhydride 
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and apparently oonristing of a compound of potaaata&arfo tartrate: with erMun of 
tartar, 0*H 4 K(B0)0*.0*H*K0*. ,&* ; • 

Sodio-boric tartrate appears to be obtained in the same manner a a the potassium- 
salt. Acid tartrate of sodium forms a gummy deliquescent salt with borax, also with 
bornte of ammonium ; 1 pt. borax and 3 pts. cream of tartar, dissolved together, yield 
on evaporation a gummy deliquescent salt, called tartarieed borax, containing (accord- 
ing to Duflos and Vogel) 3*6 per cent, borax, and agreeing with the formula 
2(?H 4 K(B0)0 - .C 4 H 4 Na(B0)0 f .6H 8 0. 

Colcio-boric tartrate is formed, in combination with tartrate of calcium, by precipitat- 
ing a solution of cream of tartar neutralised with ammonia, with chloride of calcium. 

Tartrates of Chromium. — The solution of chromic hydrate in tartaric acid 
dries up to a violet mass, probably consisting of neutral chromic tartrate. 

Potaesio-chromic tartrate, or Chromotartrate of potassium, C 4 H 4 K(Cr0)0* . Jli*0, is 
formed on adding pulverised tartaric acid to & hot aqueous solution of potassic dichro- 
mate, as long as carbonic acid continues to be evolved ; it is precipitated by alcohol 
from its dark-green aqueous solution. Tho same solution, mixed with a strong solution 
of neutral potassic tartrate, deposits d^fk-green crystalline grains, containing I at. 
potash (K 2 0) to 3 at. chromic oxide. Potassio-chroraic tartrate forms, with acetate 
of lead, a bluish-green precipitate, which, when, decomposed by sulphuretted hydrogen, 
yields a tartrate of chromium, probably consisting of chromotartar ic acid, 
C 4 U 4 (Cr0)0*. ^Berlin, Bers. Lehrbuch.— Malag uti, Compt. rend. xvi. 467- — 
Lee w el, ibid. xvi. 802.) 

Tart rates of Iron ( fcrricum ). — Tartaric acid dissolves recently precipitated 
ferric hydrate, and the solution, evaporated below 60°, yields an amorphou^mass, 
apparently consisting of ferric tartrate. Tho solution, which is not precipitated by 

alkalis, probably contains originally normal ferric tartrate, C^H^IVO 1 *, which is re- 
solved, on evaporation, into a basic and an acid salt, the latter being partly converted, 
by tlie prolonged action of warmth and light, into ferrous tartrale, which remains in 
solution mixed with free tartaric acid ; this acid is, however, partially oxidised at tho 
same time. (Ludwig, Jahresb. 1861, p. 434.) 

A rnmemio ferric tartrate , C 4 K 4 (NH 4 XFeO)0 # + 4 to 5IUO, is obtained by dissolving 
recently precipitated ferric hydrate in acid tartrate of ammonium, and evaporating, in 
garnet-coloured scales, soluble in rather more than 1 pt. of water. The solution is 
precipitated by alcohol. 

l\ttassio~ftrric tartrate , C 4 H 4 K(FeO)O a (at 100°). — This salt, which constitutes tho 
essential part of the Tartarus chatybeatus or Mara ttolubilis, and the Globuli martialea 
of the pharmacopoeias, is prepared by digesting cream of tartar with water and recently 
precipiiated ferric hydrate, or with iron filings in a vessel exposed to tho air ; in either 
ruse, however, the product is frequently contaminated with ferrous salt. Pure potas- 
sio-ferric tartrate forms shining scales of a brown or nearly black, colour, exhibiting a 
line red tint by transmitted light. The salt decomposes at 150 y , giving off water and 
carlxmic acid. Acids precipitate from its solution a basic ferric salt, soluble in excess 
of the acid. ( Gradin' a Handbook, x. 316.) 

Ruhidio ferric tartrate is formed by boiling ferric oxide with, acid tartrate of 
rubidium, and separates on evaporation in right rhombic prisms with bemihedral 
faces. (Grandeau, Jahresb. 1863, p. 184.) 

Tartrates of Uhantl, or Uranic Tartrates. Neutral Uranic Salt , 
C^H^UO^O* + H 3 0 and 4H 2 0. — The yellow solution of uranic oxide in tartaric acid 
yields, by concentration, crystals containing 1 at. water, and by spontaneous evapora- 
tion in a vacuum, crystals containing 4 at. water. The last give off 3 at. water at 
1A0° : the salt does not experience any further loss by drying at 200° (Ptligot, Ann. 
ChfPhys. [3] xii. 463). — Uranic salts are precipitated by alkalis, even when mixed 
with tartaric acid. (H. Bose.) 

Antimonio-uramc tartrate, OH^SbOXUOJOMH’O, is obtained^ in yellow silky 
needles, on mixing the aqueous solutions of tartar-emetic and uranic nitrate, and redis- 
solving the gelatinous precipitate in boiling water. This salt, when dried at 100°, 
exhibits the composition C 4 H*(SbO X U O )0*, analogous to that of the first anhydride 
of tartaric acid. (P41i got.) 

Acids isomeric with Tartaric Acid. 

Sseemie or fsratarttrie Ac id has been already described (p. 34). 

Xtoaetftwo TsrtsHo Arid, or Wssstsitarto Add.— This is a modification of 
tartaric acid, inactive to polarised light, but differing from racemic acid in not being 
separable into dentin- and hevo-tartaric adds. It is obtained, as above mentioned 
(p. 672), fay healing racemate or tartrate of cinchonine to 170° for several hours. On 
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dissolving the product in water, adding chloride of calcium, filtering immediately from 
the racemate of calcium which separates out, and leaving the filtrate to itself, the cal- 
cium-salt of inactive tartaric acid separates out. The acid crystallises well, and most 
of its salts are quite equal in beauty to the corresponding tartrates and racemates. 
(Pasteur, Ann. Ch. Pnarm. lxxxviii. 212.) 

The inactive tartaric acid prepared from dibromosuccinic acid is probably the 
same modification. 

Mesotartaric acid, obtained by Dessaignes (Compt. rand. lv. 769; Jahresh. 
1862, p. 806), together with dextrotartaric, racemic, and aposorbic acids, by oxidising 
sorbin with nitric acid, also by boiling tartaric or racemic acid for a long time (at least 
400 hours) with hydrochloric acid, appears also, from comparative experiments of 
Paeteur (Bull. Soc. Ghim. 1862, p. 107), to be identical with inactive tartaric acid, 

a. It i9 separated from the oxidation-products of sorbin by first removing the tar- 
taric and racemic acid as acid ammonium -salts, precipitating the acid filtrate with 
chloride of calcium, and decomposing the calcium-salt with sulphuric acid. — /S. In 
preparing it from tartaric acid, the greater part of the unaltered tartaric acid, and 
a certain quantity of racemic acid, likewise formed in the reaction, must first be 
removed by crystallisation, the hydrochloric acid expelled by evaporation over the 
water-bath, and the remaining liquid half neutralised with ammonia, whereby nearly 
all the tartaric acid is precipitated as acid ammonium-salt. The filtrate, when concen- 
trated, yields large well-defined crystals of acid mesotartrat© of ammonium. — y. In 
• preparing it from racemic acid, the unaltered racemic acid is removed by crystallisation, 
the hydrochloric acid expelled by evaporation, the remaining liquid half neutralised 
with ammonia, and then precipitated with acetate of caloium. 

Mesotartaric acid is very soluble in water (10 pts. dissolving in 8 pts. of water at 
15°). It usually crystallises in rectangular plates containing 1 at. water of crystalli- 
sation: C 4 H*0*.H 2 0. These crystal s effloresce in a vacuum, and give off their water 
of crystallisation at 100°. If the residue be then dissolved in water, and the solution 
evaporated to the crystalline point, large anhydrous crystals are obtained, resembling 
those of ordinary tartaric acid. The solution of these crystals, however, if left to itself, 
gradually yields the hydrated acid. 

Mesotartaric acid melts at 140° ; at 200° it is partly decomposed, giving off pyro- 
tartaric acid; the remaining portion is partly converted into racemic acid. It is also 
transformed into racemic acid by prolonged boiling with hydrochloric acid. (Des- 
saignes, Bull. Soc. Chim. 1866, i. 34; Jahresb. 1866, p. 393.) 

The mesotartrates for the most part resemble tho tartrates, but the acid am- 
monium- and potassium-salts are moderately soluble in water, and the acid does not 
precipitate a solution of gypsum. — The calcium-salt, C 4 H 4 Ca"O a .4H*0, dissolves in 
hydrochloric acid, and is precipitated from the solution by ammonia ; it also reacts 
with potash in the same way as tartrate of calcium. — Tho lead-salt contains C 4 H 4 Pb"0*. 
H*0 ; the silver-salt, C 4 R 4 Ag a OUI a O. 

Metatartarlo Acid. This isomer of tartaric acid, discovered in 1831 by Bra- 
connot (Ann, Ch. Phys. [2] lxviii. 299), and further examined by Erdmann 
(Ann. Ch. Pharm. xxi. 9), and by Laurent and Gerhardt (ibid, lxx. 848), is 
produced by quickly heating tartaric acid to 170° — 180°, and keeping it at that 
temperature till completely fused. The product is a transparent gummy mass, which 
gradually becomes opaque and crystalline. If the heat be continued longer, di tartaric 
acid is also produced. 

Meta tartaric acid is deliquescent. While still hot aud liquid, it turns the plane of 
polarisation strongly to the right ; but as it cools and solidifies, the dextrorotatory 
power becomes weaker, and at 3 ‘6° perceptible laevorotation is produced. 

The metatartrates have the same composition as the tartrates, but jure for the 
most j^art distinguished from them by their cry staUine forms, and by greater solubility. 
By boiling their aqueous solutions, they are gradually converted into tartrates. 

The aetd ammonium- salt, C 4 B?(NH 4 )0*, separates from very concentrated solutions 
in groups of microscopic needles, usually exhibiting the form of spindles, somewhat 
thickened in the middle. It is more soluble than the acid tartrate, and is further 
distinguished therefrom by not giving any precipitate with chloride of calcium. Its 
solution, saturated with ammonia, is precipitated by chloride of calcium only when 
highly concentrated ; and the crystalline metatartrate of calcium thus obtained, 
C 4 H 4 Ca*0*4H*0, is distinguished from the tartrate by the form of its crystals, 
which appear, under the microscope, as irregular lenticular grains, or small prisms 
u asymmetrical at the two ends, whereas the tartrate forms small often elongated octa- 
hedrons. Metatartrate of calcium gives off half its water of crystallisation at 160°, 
and the rest at 280°. When once deposited in the crystalline state, it dissolves hut 
very slowly in boiling water, being at the same rime converted into tartrate ; but It 
dissolves easily in cold water, especially if slightly acidulated with nitric or hydro* 
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chloric acid. The liquid neutralised with ammonia again, alter a while, deposits 
metatartrate of calcium, with its characteristic crystalline form; but if the m ©tutor- 
trate dried at 220° be dissolved in hydrochloric acid, the solution, neutralised with 
ammonia, yields octahedral crystals of calcic tartrate. (Laurent and Gerhardt.) 

Acid metatartrate of potassium, C*H*KO\ resembles the acid tartrate in appearance 
and in its reactions. On neutralising metatartaric acid with potash, ana adding 
alcohol, a limpid oil is precipitated, which crystallises slowly, in the form of neutral 
potassic tartrate, and the solution of which yields with calcium-salts octahedral crystals 
of calcic tartrutc. 

Glyootartario Aold, 0*11*0*. (A. Sc ho yen, Ann. Ch. Pharm. cxxxii. lft 8.) — 

Glyoxal, C a H*O a , unites with 2 at. hydrocyanic acid, forming a black amorphous sub- 
stance which, when heated with alkalis, gives off ammonia, and is converted into 
glycotartaric acid. This acid is deliquescent, alterable at 100°, and, when mors 
strongly heated, gives off the Bame odour as tartaric acid. 

The glycoturtmtcs of the alkali- metals, even the acid potassium-salt, are easily 
soluble, and their solutions are precipitated by chloride of barium, chloride of calcium, 
acetate of lead, and nitrate of stiver. — The barium-salt contains C 4 H*Ba"0M£*0 j the 
hud-salt, C*H*Pb"0*.H 5i 0. 


Acids derived from Tartaric Acid by substitution of Acid Radicles for the Alcoholic 

Hydrogen. 

(C J H*On 

XMaoetotartarfto Aold, C a H”0* — (C*H , 0*) ,r \0\ and Diacetotmrtarlo An- 
il* ) 

hydride, C*H"0 7 - (Bal lik, Wien. Akad. Ber. xxix. 26.--PiU 

ibid. xliv. Jj2] 7 ; Jahresb. 1861, p. 368. — Perkin, Chem. Soc. Qu. J. xx. 149). — The 
anhydride is produced by heating pulvorised tartaric acid with chloride of acetyl: 

C*H*0* + 2C*H*OCl - C*H*O f + 2HCI + IPO. 

It is a tough crystalline solid, melting at 126° — 127° C. When distilled, it undergoes 
a considerable amount of decomposition, especially if the distillation be carried on 
slowly. It boil* above 250° but no fixed point can bo obtained, acetic anhydride 
coining over during the distillation, as well as other products, some of which affect 
the eyes like acrolein ; a residue of carbon is left in the retort. If heated gently, it 
sublimes in beautiful but small prisms. It is slightly soluble in benzene, and crys- 
tallises from this solvent in slender white needles. It also crystallises from acetic 
anhydride. (Perkin.) 

Diucetotartaric acid, C*H ,0 O # — C*H*0 r .H*0, is formed by the direct combi- 
nation of the anhydride with water. The aqueous solution, evaporated in a vacuum, 
leaves the acid as a transparent, gummy, deliquescent substance, having a very 
acid taste. When strongly heated, it decomposes, without previous formation of 
the anhydride. Heated with caustic potash or soda, it is resolved into tartaric and 
acetic acids : 

OH^O* + 2H*0 - 0*11*0* + 2C*H*0*. 

Diacstotartaric acid is dibasic, forming arid and neutral salts ; they arc all very 
soluble, and somewhat difficult, to obtain puro ; they are prepared by dissolving the 
several carbonates in the aqueous acid. 

The neutral potassium - and sodium-salts are very deliquescent. — The acid potassium - 
salt- C*H*KO # f is a crystalline powder, very soluble, but not deliquescent; it has an 
acid taste, and reddens litmus powerfully. — The barium-salt , C*H"Ba / '0 1 , crystallise* 
from a syrupy solution, in Blenaer deliquescent needles, sometimes half an inch long.-— 
The calcium-salt, C^HKJa'O*, dries up, on evaporation, to an opaque, friable, deliques- 
cent mass. — The cupric salt , CTIKV'O* forms blue crystals. — The mercurous salt is a 
gelatinous precipitate, soluble in acetic acid. — The silver-salt , C^H^Ag^O*, is a white 
crystalline mass, very slowly acted upon by Light. (Perkin.) 

Paratartaric ( racemic ) acid, heated with chloride of acetyl, yields di ace to para- 
tartaric anhydride, as a beautiful crystalline body, isomeric with diacetotartoric 
anhydride, which it resembles in melting-point and other properties. In contact with 
water, it yieldis diacetoparatartaric acid, which is resolved by heating with 
alkalis into acetic and paratartaric acids. (Perkin.) 

HO 01*0 

l—mtirfrlti AeUL C 1l H ,# 0 T - (C 4 H*0*)** 

H* 

yy 


>0*. ’(Dessaignes, J, Phann. [$] 


Voi, V. 
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xxxii. 47 ; Jahresb. 1847, p. 307.) — Produced by heating 1 at. tartaric acid and l „t 
benzoic acid to 180° in a sealed tube : 

C 4 H 6 0* + C'lPO* - IPO + C n H**0 T . 

A brown liquid is thereby formed, which, when dissolved in hot water, deposits ben- 
zoic acid ; the residue, left on evaporating the mother-liquor to dryness, dissolves par- 
tially in carbonate of sodium ; and the solution, decolorised with charcoal and slightly 
supersaturated with hydrochloric acid, deposits benzotartaric acid, in warty groups of 
microscopic crystals (Dessaignes). It is also formed, together with ethylbenzo- 
tartaric acid, by the action of dilute alcoholic potash on benzotartaric ether, and 
remains in the mother-liquor after the ethylbenzotartaric acid has separated out. 
(Perkin, p. 695.) 

Benzotartaric acid is more soluble than benzoic acid in water, but less soluble in 
alcohol. It remains unaltered at the temperature at which benzoic acid melts and 
sublimes: at a higher temperature, it melts and gives off benzoic acid, the residue 
turning brown, and emitting the odour of burnt tartar. A cold saturated solution of 
the acid forms no precipitate with ferric chloride, lime-water, or silver-nitrate, but a 
slight precipitate with basic acetate of lead. When saturated with ammonia, it forms 
a pale-yellow precipitate with ferric chloride, none with chloride of calcium. In a 
solution of the acid one-fourth saturated with ammonia, nitrato of silver forms a 
white precipitate, consisting of argentic benzotartrate, C ,, H*Ag*0 T . 

XMtoromotart&rlc Aotd, C 4 II 4 Br 2 O a , is formed by tlio action of bromine, at 100°, 
on bromomaleic acid (iii. 788) ; probably thus : 

C 4 H 8 Br0 4 + Br‘ + 2H*0 = 3IIBr + C'H 4 Br s O<*. 


It is very deliquescent. (Kekul6, Jahresb. 1861, p. 363.) 

(NO*)* ^ 

NTltrotartarlo Add, C 4 H 4 N 2 O l * « (C 4 H*0*) lr \0*. (Dessaignes, Ann. Ch. 

H* J 

Phurm. lxxxii. 362 ; lxxxix. 339.) — This acid is formed by adding 1 pt, of pulverised 
tartaric acid to 4 £ pts. of very strong nitric acid ; then adding, with stirring, an equal 
volume of strong sulphuric acid ; pressing the pasty mass between porous tiles ; dis- 
solving it in a small quantity of lukewarm water ; cooling to 0°, and pressing the crys- 
tals between paper. 

Nitrotartano acid dissolves in absolute alcohol, and remains, on spontaneous 
evaporation, in distinct prisms. It is optically active, like tartaric acid (Chant a rd). 
It is very unstable, its aquoous solution, oven at a few degrees above 0°, continually 
giving off nitric oxide and carbonic anhydride. By spontaneous evaporation, it yields 
tartronic acid (p. 698), and, when heated to 40° — 50°, oxalic acid. — By sulphide of 
ammonium it is reconverted into tartaric acid. 

The nitrotartrates have not been much examined, — The acid ammonium-salt, 


j^ 4 |C 4 H*(N0 2 )*0®, forms small, very soluble crystals. — The neutral ammonium-salt 

yields, with nitrate of silver, an easily soluble silver-salt, containing 
Ag*C 4 H*(NO*)*O a . 

TAXTAEXO AMIDX8. See Tartuamic’ Acid and Tartramipe. 


TARTARIC AHBTRRXDRB. Since tartaric acid contains four atoms of 
replaceable hydrogen, it should be capable of yielding two anhydrides, by the loss of 
H*0 and 211*0 respectively ; thus — 




Tartaric acid. . 


Flr*t anhydride. 


(C 4 IP07\0*. 

True anhydride. 


But as the four typic hydrogen-atoms of tartaric acid are not all of the same character 
(two being alcoholic and two basic), it is further possible that the first anhydride may 
exhibit three isomeric modifications, according ob the alcoholic or basic hydrogen-atoms 
of the acid are eliminated in its formation : thus — 


(C*H*0 , )"jo*. (C wr! 0 ‘- 

Dibasic Acid. Monobasic Neutral an- 

add. hydride. 

Further, two or more molecules of tartaric acid may unite together in giving np 
water, thereby producing compounds analogous to the polyethylenic alcohols (it. 570}* 
the polyglycerins (it, 894), and the polylactic acids (iii. 461). The simplest* 
therefore the most probable of these compounds, would be di tartaric acid, which* 
by further elimination of water, might yield corresponding anhydrides : thus— 
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sp*!* 

Dltartark anhyrirlda. 

All these compounds might possibly be produced by the action of heat upon tartaric 
acid. Only a few of them have, however, been actually obtained ; and, moreover, the 
statements of different chemists, who have investigated the decompositions of tartaric 
acid by heat, do not quite agree. (Soe especially Bra con not, Ann. Oh, Pliarm. ii. 
315. — Fr4my, ibid. xix. 107; xxix. 142; lxxriii. 297.— Erdmu mi, ibid. xxi. 9.— 
Laurent and Gerhardt, ibid. lxx. 348.) But, as already observed (p. 676), it 
appears most probable that the first effect of heat on tartaric acid is to convert it into 
the isomeric compound, m e t at a r t a ri c ac i d ; and that afterwards, by successive climi- 
nation of water, there are formed — first, ditartar ic acid, then a soluble modification 
of the first anhydride, C 4 H 4 0 4 , called by Fr£my tart relic acid; and, finally, tho 
neutral insoluble modification of the same anhydride. The t rue anhydride of tartaric 
acid, C 4 H*0 , .0*, is not known. (Kekul6, Ishrbruck, ii. 199.) 

Ditmrtarlo Acid, - 2C 4 II 4 0» - H*0.— This acid (called Tartralic acid by 

Fremy, l&otartaric acid by Laurent and Gerhardt) is produced by molting tartaric aci<t 
and keeping it at a temperature of 170°, till it no longer gives a precipitate of calcio 
I art re late with Lime, or with calcic acetate (Fremy) ; also by adding tartaric anhy- 
dride to melting tartaric acid (Schiff, Zcitsehr. Ch. Pharm. 1862, p. 376). It is 
very soluble in water, and not crystallisable. Its salts, C"H*M'O n and C*ll 1 *M"0 ,, l 
even the calcium-salt, are also very soluble in water, and arc precipitated by alcohol in 
tho form of syrup or of bulky flocks. By boiling with water, they are converted, first 
into acid metatartrates, and then into tartrates. 

Gerhardt (Trait t, ii. 16, 61) regards tartralic acid as isomeric with tartaric and 
metutartaric acids, on the ground that tartaric acid may be convert < h! into it without 
loss of weight, even in presence of water. According to this view, tho composition* of 
the tartralatcs, which are neutral, is the same ns that of the acid tartrates and metn- 
tartrates; but analysis shows that the composition of these salts agrees more nearly 
with the formula of tho ditartmtee above given. 

Tartralic Acid, C'H 4 0 4 = C 4 II 4 O a — IPO. Stdublc Tartaric Anhydride. — 
Obtained by quickly heating small quantities of tartaric acid til! the fused mass swells 
up. It is a yellowish, tumefied, deliquescent mass, which dissolves in water, forming 
an acid solution. 

Chloride or acetate of calcium added to this solution, throws down tartrelatc of 
calcium , C*H*Ca"0 , * I as a syrupy mass, which is insoluble in water, and becomes crys- 
talline by contact with alcohol. — The barium- and strontium-salt#, which are similar 
in composition, and prepared in like manner, are also syrupy masses, insoluble in 
water. Tartrelic acid, heated with load-oxide to 160°, yields a lead-salt containing 
C*H*Pb w O*. — In contact with alkalis, it forms tartralates or d its rt rates. By boiling 
with water, it is converted, first into metatart aric, then into tartaric acid. 


H* 

<c*h* 0 *)H ot 

(C 4 H* 0 *)** • 

H* 

Di tartaric acid. 


4 


Insoluble Tartaric Anhydride, C 4 H 4 O s , is formed by heating tartaric itcid 
for some time to 150°, exhausting the product with cold water, and drying it in a 
vacuum. It is a white powder, insoluble in water, alcohol, and ether ; and is converted 
by water, slowly in the cold, quickly on boiling, into tartaric acid. (Fr4my.) 


TAETAEZO STUBS. Tartaric acid, like other dibasic acids, forms, with 
monatomic acids, both acid and neutral ethers, the former of which are monobasic 
acids ; e.g . : 

H* ) - W ) 

\ O 4 . _ (C'fi T 07 \ Q 4 . 


<C i 


H.C*H* ) 

RUtjrlUrtarfc 


(OTP) 5 * J 

Neutral ethyllc 
tartrate. 


The two alcoholic hydrogen-atoms in these ethers arc also replaceable by acid- 
radicles, forming compounds like the following ; 


H.CTPO } 
(C'E*0*y 
H.C*H* 


O 4 , 


H.C*H *0 ) 
(C 4 H*D*)* 4 o 4 . 
(C*H*)* j 

AeSotulirk 

Htusr. 


c*ipo,c t h*oi 

(C 4 H t O*) , » f O 4 . 
(C*H*)* J 

Acriabcnto* 
tartaric ether. 


Closely related to these ethers axe also certain dibasic acids, derived from tartaric 

TT 2 
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acid by the substitution of acid-radicles for one or both of its alcoholic hydrogen, 
atoms (p. 689) ; e.g. : 

H.C*H*0 ) (C*H 8 0) 9 ) (NO*)* ) 

(C 4 H 2 0*) lf [ 0 «. .(C 4 H*0*)* L 0\ (C 4 H*0 8 )*' [■ 0*. 

Benzotartaric Diacetotartaric Dinftrotartaric 

acid. acid. acid. 

The constitution of these compounds shows that tartaric acid may bo regarded as a 
diatomic alcohol, as -well as a dibasic acid. 

The acid tartaric ethers are formed by the direot action of tartaric acid on the 
alcohols ; the neutral ethers by passing hydrochloric acid gas into a solution of the 
acid in the respective alcohols. The derivatives of these ethers containing acid 
radicles, are formed by treating them with alcoholic chlorides. 

A few ethers are also known, produced by the action of tartaric acid on polyatomic 
alcohols. 

Neutral Tartaric Ethers, containing Monatomic Alcohol •radicles. 

9 

Ktny lie Tartrate, or Tartaric Ether, C 8 H M 0 <) = C 4 H 4 (C : H*) 3 O fl . (Demon- 
desir, Ann. Ch. Pharm. lxxx 301.) — This ether is a liquid which acts on polarised 
light. It bears a somewhat high temperature without decomposition, but, when heated 
to a certain point, gives off considerable quantities of pyrotartaric acid. It mixes in 
all proportions with water , alcohol , and common ether. — With ammonia it yields 
tartrumic acid or tartramide, according to the time for which the action is continued. 

Tartaric ether is decomposed by sodium, with evolution of hydrogen ; the action is 
slow, on account of the viscidity of the ether, but may be made to go on very rapidly, 
by mixing it with five or nix times its volume of anhydrous benzene. On separating 
the excess of sodium, and evaporating, a palo yellowish- brown, uncrystallino, but friable 

H.Na 

residue, is obtained, probably consisting of sodiot artaric ether — C 4 H 2 0* -0„ 

3v the continued action of the sodium, a gelatinous product is also formed, probably 
Na* ) 

disodiotartaric ether, C 4 H 2 0 8 fO 4 . (Porkin.) 

(C 5 H 5 ) 2 ) 

Acetotartaric Ether, C l0 H ,a O 7 = C 4 H*(C*H*0)(C 3 II 8 ) 3 0*. (Perkin, Clicm. 
Soc. J. xx. 146.) — Produced by the action of acetylic chloride on an equivalent quan- 
tity of tartaric other; the action takes place at ordinary temperatures, large quantities 
of hydrochloric acid being evolved, and the mixture becoming hot. Thooily product is 
purified by agitating it with water, dissolving in ether, agitating the ethereal solution 
with dry carbonate of sodium, filtering, and evaporating to dryness over the water- 
bath. 

Acetotartaric ether is an oily liquid, having about the consistence of olive-oil, 
heavier than water, and slightly soluble therein, but quite insoluble in saline 
solutions. It is perfectly neutral to test-papor, and has a rather bitter taste. When 
somewhat strongly heated in a retort, it decomposes, giving off acetic acid*; at about 
287°i an oil passes over, and finally a carbonaceous residue is left. It is decomposed 
by aqueous ammonia, the solution, when evaporated, yielding a yellowish syrupy 
product, having .a bitter and slightly burning taste. Heated with chloride of benzoyl, 
it gives off hydrochloric acid, and forms a thick colourless oil, probably bens- 
acetotartaric ether. 

Acetotartaric ether is rapidly decomposed by sodium , especially when diluted with 
benzene, hydrogen-gas being' evolved, and a transparent gummy substance framed, 
probably consist! ngofsodacetotartaric ether, C 4 H 2 Na(C 8 H*0)(C*H J ) 3 0*. 

Dlaoeto tartaric Ether, C> 3 H» 8 0» - C*H*(C*H*0)*(C 2 H s ) s 0* (Perkin, 
Chem. Soo. J. xx. 147.) — Produced by treating 1 at. tartaric ether with 2 at. chloride 
of acetyl, and, after the reaction has abated, heating the product for a short time to 
100° in a sealed tube. When purified like the preceding, it solidifies to a beautiful 
crystalline mas?, which may he separated from a small quantity of oily acetotartaric 
ether by strong pressure between bibulous paper, and then crystallised from water. 

* Diacetotartaric ether dissolves in all proportions in alcohol and common ether , and 
is precipitated from its alcoholic solution by water. When it is boiled with water, * 
considerable quantity dissolves, and the solution, on cooling, deposits it in splendid 
prismatic crystals more than 1 £ inch long. It is slightly soluble in cold water, but 
on the addition of a strong solution of chloride of sodium, the liquid becomes cloudy* 
and the diacetotartaric ether crystallises out on standing. 

Diacetotartaric ether melts to a colourless oil at 67°, and doos not resolidify on 
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cooling ; but as soon as a small particle of the solid product is thrown into it, it begins to 
crystallise in tufts of needles, and in & few moments becomes perfectly solid. During 
crystallisation, it evolves heat sufficient to become quite hot to the hand. When 
strongly heated, it distils with only slight decomposition. It boils between 294° and 
298°. 

Diacetotartaric ether is not quickly decomposed by aqueous potash, or by cold a Jcoho- 
tic ammonia. It is scarcely acted upon by sodiutn, either in tho fused state, or when 
dissolved in benzene. 

Paratartaric {racemic) ether treated with chloride of acetyl yields aeotopara- 
tartaric and di acetoparatartaric ether, isomeric with the tartaric ethers just 
described. Monacetoparatartaric ether is a colourless oil Diacetoparntartaric ether 
is a solid body, melting at 50-6°, boiling, at about 298°, and distilling with slight 
decomposition. It dissolves in alcohol or ether in all proportions. It is deposited 
from its boiling aqueous solution, on cooling, in small tufts of noodles, and, after 
longstanding, sometimes forms short but very brilliant prisms on the sides of tho vessel. 

Henzotartaric Sitter, C ,4 H'*0/ » C 4 H*(C 7 HH))(CUI^O». (Perkin, Chem. 
See. J. xx. 139.) — PrrMluced by heating chloride of benzoyl with a slight excess of 
tartaric ether to 100° for two or three hours. When puritfod, like the preceding 
compound, by agitation with carbonate of sodium, solution in ether, &c., it forms a 
viscid transparent oil, which, on standing (espi daily under water) for two or threw 
w< 4 eks, is almost wholly converted into a nm*w of colourless prismatic crystals, which 
may be freed from oil by pressure. 

Henzotartaric ether, when pure, is a white inodorous Bolid, heavier than water, and 
easily pulverised. It melts at 64°, and oools to a viscid oil, which doc s not solidify 
until it has stood for some considerable time; but the introduction of a minute pioeo 
of the solid product immediately causes it to commence crystallising ; and this takes 
place with a very considerable elevation of temperature. It crystallises in transparent 
prisms. 3f strongly heated, it distils with decomposition. It is solublo in all 
proportions in alcohol and ether ; slightly soluble in boiling wafer, the solution 
becoming milky and depositing oily drops on cooling; afterwards benutifwl but 
small prismatic crystals separate. Its aqueous solution has a slightly bitter taste.. 
Its solutions do not chango the colour of litmus-paper. — Aqueous potash appears to 
be without action upon it. With sodium it liberates hydrogen, and appe ars to form a 
sodium-coin pound. When heated in a sealed tube to io<)° with alcoholic ammonia, it 
slowly decomposes, and is apparently converted into benzoic acid, tart rumido, benzo* 
tart ram ide, and alcohol. 

A/eohotic potash quickly decomposes benzotartnric other, yielding, if in excess, 
tartaric and benzoic acids; but if dilute solutions are used, and the quantity of potash 
present is not sufficient to produeo complete decomposition, henzotartaric and ethyl- 
benzotarturic acids are produced (p. 696). The formation of those products is 
represented by the following equations: 

C'H* ( C 4 H’(C , H'0)0* + H’O - C’H‘0 + c , J. j C*H*(C’H‘0)0*. 

Bentotaruuric ether. Alcohol. H thy IbetizoUrt uric 

arid. 

C’H* | C'H^C’H'O)©* + 2H’0 - 2C’II*0 + | C*H*(C’H»0)0*. 

BensoUrtarlc 

acid. 

^!|C*H*(C’H*0)0* + 3HK) - 2C’U'0 + §|c'H*0* + C’II*0’. 

Tartaric Benzole 

acid. add. 

Benzotartaric ether is not converted into di henzotartaric ether by heating wit h 
chloride of benzoyl; neither does this compound appear to be produced by heating 
tartaric ether with 2 at. chloride Of benzoyl. 

Para tartaric ether heated with chloride of benzoyl, yields benzoparatartar ic 
ether, isomeric with benzotartaric ether, but melting at a much lower temperature, 
viz. 67°, and not crystallising so readily. 

AeeMwiksttartasia sther, C ,T H"0 B - C«H 2 (C 2 H*0XC T H*0XC?II*)*0* 
(Perkin, Chem. Soc. J. xx. 146.) — Prepared by heating henzotartaric etner with a 
slight excess of chloride of acetyl to 140° — 160°, in a sealed tube for three or four 
hours. It is a very thick colourless nil, heavier than water, showing no tendency to 
solidify, neutral to test-paper, very soluble in alcohol and ether.— Heated with 
alcoholic potash, it is completely resolved into alcohol, and acetic, benzoic, and tartaric 
acids ; 

C”H«0» + 4HO - 2C*H*0 + CHi'O* ♦ C’H'O* + CH*0*. 
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Sucolnotartarlc Hfliar, C^H^O 14 - Cra\C 4 H 4 0y(C*H»)*0» (P*rkiiL 
Chem. Soc. J. xx. 143.) — This body, formed by the substitution of 1 at. enemy! 
for 2 at. hydrogen in a double molecule of tartaric ether, is prepared by heating 2 at. 
tartaric ether with 1 at. chloride of suecinyl in a test-tube to 100°, as long as hydro- 
chloric acid continues to go off : 

2C«II«(C*H 9 )*0* + (C«H<0-)"CP = 2HC1 + 0«H*(C 4 H 4 0 a )"(C*H*) 4 0 I *. 

Tlie product, purified like the preceding, is an extremely thick oil, generally of a pale- 
yellow colour. It dissolves freely in alcohol and ether, forming neutral solutions. It is 
decomposed by alcoholic potash, and cannot be distilled without decomposition. 

Mefhylle Tartrate, C 4 H ,0 O* =» C 4 H 4 (CH*) 2 0*. Methyltartaric Ether . — Pro- 
pared like ethyltartaric ether, which it resembles. (Demondesir.) 

0. Acid Tartaric Ethers containing Monatomic Alcohol-radules. 

These are monobasic acids, produced by the direct action of alcohols on tartaric 
acid. 

Amyltartarlo Add, C 9 H lfl O* =» C»H 4 (C a H n )O a . Tartramylic Acid. — This 
acid, discovered by Ba lard (Ann, Ch. Phys [3] xii. 309), and more fully investi- 
gated by Breu nlin (Ann. Ch. Pharm. xci. 314), is prepared by digesting 150 pts. 
finely-pulverised tartaric acid, for several days (at about 130°), with 88 pts. rectified 
u my lie alcohol. A syrupy liquid is then formed, which, by slow cooling, solidifies to 
warty masses of unctuous crystals, having an intensoly bitter taste. They melt at a 
gentle heat, and dissolve in a small quantity of water, but a larger quantity of water 
separates the amyltartaric acid in oily drops. (Breunlin.) 

The amy Itartrates, OH*M(C a H n )0* and C s H 8 M"(C 5 H n ) 2 0 1 *, are for the most 
part soluble in water. Most of them remain unaltered when their aqueous solutions 
are boiled, but they decompose when dried at 100°. 

Amyl tartrate of Barium , prepared by saturation, separates from its concentrated 
solution, in colourless, nacreous, crystalline laminae, containing C $ H®Ba"(C*H 
211*0, which become dull when dried at a gentle heat, and are decomposed at 100°. 
They dissolve in alcohol, and, on adding water to the solution, the anhydrous will. 

is precipitated in white amorphous flakes.— The calcium-salt, 
t> 4 Jl H (Ja M (C fc H li y*0 ,i , likewise obtained by neutralisation, remains, on evaporating its 
solution ovor oil of vitriol, as a friable saline mass, which dissolves very readily in 
w ater, and is not decomposed at 100°. — The lead-salt, obtained by precipitating tlio 
potassium -salt with acetate of lead, appears to be a basic salt. — The potassium-salt, 
obtained by decomposing the barium-salt with carbonate of potassium, separates, on 
evaporation and cooling, as a white crystalline mass, containing C 4 H l K(C s H ,, )0*.H 2 0. 
It is sparingly solublo in cold, easily in boiling water, and gives off its water of crys- 
tallisation at 100°. — The sodium-salt, C*H 4 Na(C*II l, )0 , t prepared in like manner, 
separates, by evaporation over oil of vitriol, in soft, nodular, anhydrous crystals. —The 
silver-salt, U' l H l Ag( G ,4 II J 1 )0 8 , separates on cooling from a hot concentrated solution of 
the potassium-salt mixed with nitrate of silver, in tufts of neodles having an adaman- 
tine lustre. (Breunlin.) 

BCHyltartarlo Aoid, C 8 H k) 0* = C 4 H 4 (C 3 H A )0*. — Tartrethylic or Tartrovinic 
Acid , (Marian, Trommsd. J. xiii. 2, 43. — Trommsdorff, ibid. xxiv. 1, 11. — 
Ghi^rin- Varry, Ann. Ch. Phys. [2] lxii. 57.) — When absolute alcohol is boiled for 
some time with tartaric acid, and the liquid, after dilution with water, saturated with 
carbonate of barium, insoluble tartrate of barium is formed, together with a solution 
of the ethyltartrate, which is deposited in crystals on concentrating the liquid. This 
salt, decomposed with an equi valent quantity of sulphuric acid, yields ethyltartaric acid. 

This acid crystallises in elongated pfisms, with oblique bases; it is colourless, in* 
odorous, tastes both sweet and sour, and quickly absorbs moisture from the air. It is 
very soluble in alcohol and in ether. Its aqueous solution is completely decomposed, 
by prolonged boiling, into alcohol and tartaric acid. It dissolves sine and iron, with 
evolution of hydrogen. 

Ktbyltartanc acid is decomposed, by dry distillation, into alcohol, water, acetic 
ether, acetic acid, ethylem*-gas, pyrotartaric acid, and other products. — Nitric acid 
converts it into acetic, carbonic, and oxalic acids. 

The solution of ethyl tnitnric acid gives no precipitate with potash or soda, in 
whatever proportion the alkali may be added. — When added by drops to baryta-water, 
it forms a precipitate, which disappears, with the exception of a slight turbidity, as 
the liquid approaches neutrality, but reappears on adding an excess of the acid. 
These characters distinguish ethyltartaric acid from tartaric acid. —With lime-water, 
it forms a precipitate soluble in excess of the acid. 
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The ethyltartrates, C 4 H < M(G s H*)0* and usually crystallise 

well; they are unctuous o the touch, and without odour. Almost all of them are 
very soluble in water, less soluble in alcohol. On boiling their solutions, they are 
resolved into alcohol and tartrates. 

The ammonium-salt is obtained, in silky fibres, by spontaneous evaporation of a solu- 
tion of the acid saturated with catenate of ammonium.— The potassium-salt, 
C ‘1 1 'K(C*H s )0*. forms colourless rhombic prisms, usually exhibiting tho combination 
oc?2 . ooP » . r cx>. P. Axes a : 6 : c = 0*2870 : 1 ; 0.4174. Angle »P2 : od^ 2 
ihrach.) * 120° 8; oeP2 : »Poo - 101° 6’ ; P oo : P od _ 134° 41\ Cleavage 
tMsy parallel to ocP oo. Its aqueous solution, when boiled, deposits acid tartmte of 
potastuum.— The sodium-salt forms la mi nee, sometimes rhomboidal, sometimes rect- 
angular. 

The barium-oaf f t C*H"Ba* , (C 2 H A ) 9 0 l *.2H , 0 > prepared as already described (p. 694), 
forms beautiful fan-slmped groups of crystals, apparently belonging to the trimetric 

system. 

The calcium-salt, C*fPCa''(C , II , )*0 , *.6II , O f prepared like the barium-salt, forms 
rectangular prisms or laminne, which melt in their water of crystallisation at 100°, 

The cupric salt, C M H"Cu / \C*H* jH) lf .6H v O, obtained by dissolving cupric oxide in the 
aqueous acid, forms blue, silky, efflorescent needles. 

The had -salt separates, on adding ethyl tartaric acid to acetate of lead, in email 
increous prisms, insoluble in excess of the acid. 

The silver-salt f C*H 4 Ag(C*H*)O a , obtained by precipitation, crystallises in prisms, 
s.metiincs tumefied in the middle. It is slightly soluble in cold water, and maybe 
lusted to 100° without decomposition.. 

The zinc-salt forms groups of rectangular prisms, unctuous to tho touch. 

Ethylbenzotartaric Add, C ,s H"O t - (Verkin, 

Chem. 8oc. J. xx. 142.) — Produced, together with bcnzotartaric acid tmd otlier pro- 
ducts, by treating a dilute alcoholic solution of bcnzotartaric ether with a quantity of 
dilute alcoholic potash, not sufficient to resolve it completely into benzoic and tartaric 
acids (p. 693). On gently boating tho resulting liquid to expel the excess of alcohol, 
adding water to separate oily products, passing the* solution through a wet filter, acidu- 
lating with hydrochloric acid, which separates itn oil consist ing of benzoic and ethyl- 
benzoic acids, together with a little neutral oil, smelling like benzoic ether, and placing 
the clear filtrate in a vacuum over oil of vitriol, ethylbenzoic acid separates, after a 
few days, in beautiful tufts of lmrd needles, which may bo completely purified by 
washing with water. The mother-liquor contains benzotartaric aeul (p. 690). 

Va hv l benzotartaric acid is sparingly Boluble in water, but extremely soluble in 
alcohol and ether, and is deposited from its alcoholic or ethereal solution, on evapora- 
tion, in fan-shaped groups of crystals. Its aqueous solution reddens litmus-paper. It 
is easily decomposed by potash, and its salts appear to be rather unstable. 

Metbyttartarlo Acid, C‘H'0 1 - C 4 H*(CH“)0". Tartromethylic Acid. (Du- 
mas and PMi jjjot, Ann. Ch. Phys. [2] Ixi. 200. — Gu^ri n - Varry, ibid. lxii. 77. — 
Dumas and Piria, ibid. [3] v. 373.) — Tartaric acid dissolves in methylie more 
easily than in ethylie alcohol, and couverts it with greater facility into the acid ether. 
To prepare this compound, tartaric acid is dissolved in an equal weight of methylio 
alcohol at the boiling heat ; the solution is evaporated to a syrup at a temperature 
below 100° ; the syrup left to evaporate freely, and the resulting crystals dried in a 
vacuum. 

Methyl tartaric acid crystallises in colourless rectangular prisms, heavier than 
water, fusible, inodorous, but having an acid taste. It is scarcely altered bx the 
moisture of the air, dissolves very easily in cold water, and in all proportions of boil- 
ing water; is easily soluble also in alcohol and wood-spirit, but insoluble in ether. 

The aqueous solution of methyl tartaric acid, when boiled, takes up 1 at. water, 
reproducing tartaric acid and methylie alcohol. The cry stals, when heated, give off 
water, methylie alcohol, and methylie acetate, together with other products.. 

The aqueous acid dissolves zinc and iron , with evolution of hydrogen. With Itaryta- 
uaUr and lime-water it forms precipitates, soluble in a slight excess of the acid. It 
does not precipitate sulphate of potassium, but forms a pulverulent precipitate with 
acetate of lead. 

The methyl tart rates are converted, by boiling their aqueous solutions, into 
methylie alcohol. — The potassium-salt. C*H T KO* crystallises in right rectangular 
prisms, which (according to Du mas and Piria) are anhydrous, but (according to 
G iri*ri n -Varry) give off 4*2 per cent, water in a vacuum over oil of vitriol. It js 
much more soluble in hot than iu cold wafer. — The sodium-salt is sparingly soluble in 
water, and separates, as a granular precipitate, on pouring mcthyltarfaric acid into 
caustic soda. — The ba Hum-salt, C w IJ M Ba"0 ,5! .H*0 (?), is obtained by saturating a 



solution of the add in methylic alcohol with carbonate of barium, and crys talli ses, 
spontaneous evaporation, in white rectangular prisma, much more soluble in hot th^n jJ* 
cold water. It decomposes at about 160°, yielding a syrupy alliaceous liquid, contain, 
ing water, methylic alcohol, methyl ic acetate, and a crystallieable substance, which 
may be obtained from it by evaporation. — The lead-salt and the Mlver-saU are obtained 
by precipitation. 

Acids isomeric with Methyltartarie Acid, 

CrrRA.TARTA.mo Aero, C N H 8 O a , (Carius, Ann. Ch. Pbarm. cxxix. 159; Jahresb. 
1804, p. 393.)— An acid produced by boiling a neutral salt of chlorocitramalic arid 

C 4 H 4 K 2 C10 8 + H 3 0 « KC1 + C 5 H r KO*. 

Chlorocitrama- Citratartrate. 

late. 

To prepare it, a solution of chlorocitramalate of barium* is repeatedly evaporated to dry- 
ness, with excess of baryta. On carefully decomposing the resulting barium -salt with 
dilute sulphuric acid, evaporating the flltrato, and decolorising with animal charcoal, 
citratartaric acid is obtained, as a transparent, amorphous, deliquescent mass, which 
melts above 100°, and becomes carbonised, with evolution of acid vapours. 

Citratartaric acid is dibasic. Its potassium- and ammonium-salts have the composi- 
tion C 4 H*M*0* : the former crystallises in needles. The free acid is precipitated by 
acetate of lead ; the solutions of the neutral alkali-metal salts form, with lead- and 
Silver-Baits, precipitates which are soluble both.in the free acid and in excess of the 
alkaline salt; no precipitate with chloride of barium, calcium, copper, or zinc, Citra- 
tartaric acid reduces an ammoniacal silver-solution at the boiling heat, and prevents 
the precipitation of ferric oxide by alkalis. 

Citratartrate of barium contains C s H a Ba"O fl ; the neutral lead-salt , C 5 H fl Pb"O a ; 
the basic lead-salt , C a H a Pb"O a Pb''0. 

Dibasic acids having the same composition, and perhaps identical with the pre- 
ceding, are produced : — «. By the reduction of oxalic ether with sodium-amalgam, the 
pasty amalgam being covered with alcohol of 80 per cent., and the oxalic ether 
gradually added. f This acid, Lowig’s glycomalic acid, is uncrystallisable, but its 
acid barium-salt may be obtained in crystals. (Lowig, Jahresb. 1862, p. 311.) 

$. By the action of silver-oxide on dibromopyrotnrtnric acid (iv. 774) : 

C ft H 6 Br 2 0 4 + Ag 2 0 + H s O - 2AgBr + C 4 H s O*. 

The acid thus produced (homotartaric acid) is very soluble in water, and the 
syrupy solution yields crystals after long standing. Its salts are almost all soluble in 
water. — The neutral barium-salty C s H rt Ba"0 8 (at 150°), is insoluble in alcohol. 
(Kekul£, Ann. Ch. Pharm. Suppl. j. 346; Lehrbuch, ii. 213.) 


y, Tartaric Ethers containing Polyatomic Alcohol-radicles . 

Those ethers are formed by heating tartaric acid, in various proportions, with 
glycerin, mannite, dulcite, pinite, glucose, &c. Their composition and properties 
have already been described. See Ethers (ii. 521,522); Gjlucosotartaric Acu> 
(ii. 872); Gltcerotartaric Acids (ii. 893). 

TASTAAZW . Native sulphate of potassium, also called ArJcanite and Glaserite, 

TASTARVS. A general pharmaceutical name for salts of tartaric acid : — Tar - 
tarn* at. moniatus is ammonio-pofcassic tartrate. — T, boraxatus, or tartarised borax, is 
the gummy salt obtained by evaporating a mixture of 1 pt. borax and 3 pts. cream of 
tartar (p. 687). — T. chalyheatus is potaseio-ferric tartrate. — T. emeticus: potassio- 
antimonit us tartrate. — T. {firratus or femiginesus), T. kalico-ferricus , and T. martial is 
or martiotuSy are various preparations containing ferric tartrate. — T. reaencratus: 
acetate of potassium. — T, solubilis : neutral tartrate of potassium. — T, solubilis am- 
moniacalis: ammonio-potassic tartrate. — T. stibiatus : tartar-emetic. — T. tartarisatus: 
neutral tartrate of potassium. — T. vitriolatus ; sulphate of potassium. — T. vitriol at us 
acid us ; acid sulphate of potassium. 

TAETEA UC ACID. Syn. with Ditabtaric Acid (p. 691), 

TAETBAMSTEA1T8, Ethylic tartromate. 


* Thti salt Is prepared by treating a cold solution of cltraconate of barium with hypochlorous add, 
produced by passing chlorine Into water containing mercurous oxide in suspension. (Jahresb. 18®, P* 

t The reduction of ethylic oxalate by sodium-amalgam, under diiferent conditions, yields racemo- 
carbonic or desoxalfc acid, C*H«0* (p. 40). 
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TABnUUnOMO. CHUO* - C«H*(NH»)Q* . (C'H’O*)*’ IJf. (Lao* 

H.H* )" 

rent, Compt Chi®, 1845 , p. 153.— —K. Grote, Ann. Ch. Pharm. exxx. 282. V— The 
ammonium-salt of this acid, is produced : — 1. By passing ammonia-gas otw tartaric 
anhydride moistened with alcohol. Two layers of liquid are then formed, the upper 
consisting of alcohol, and the lower of tartramate of ammonium (Laurent). — 
2. Together with tartaric acid, by heating tartaric ether with strong aqueous ammonia 
to 100°. The resulting solution first deposits efflorescent crystals of tartrate of 
ammonium, then hard crusts of the tartramate. The longer the action is continued,' 
the greater is the quantity of tartrate produced, and in about a week the whole of the 
tartramate is converted into tartrate. (Grote.) 

Tartramate of calcium is precipitated on mixing the solution of the ammonium -salt 
with chloride of calcium, and adding alcohol. It is very soluble in water, insoluble in 
alcohol, and forms largo tetrahedral crystals, containing O l H ,a Ca ,, N*O l *.6H*0. Its 
solution, mixed with acot&to of lead and ammonia, yields a precipitate, consisting of a 

basis lead-salt, C*H B Pb*N ,2 0 ,<> — Tho barium-salt , C , H l, Ba"N*0 ,# .8H # 0, forms crystalline 
crusts, which give off half their water at 100.° — The free acid , separated from the cal- 
cium-salt by sulphuric acid, is syrupy. (Grote.) 

Ethylic Tartramate , Tartramic Ether , or Tartramet hane, is obtained 
by the action of alcoholic ammonia on tartaric ether. When cautiously treated with 
alkalis, it yields tartramic acid. Ammonia converts it into tartramide. (Demon* 
desir, Compt. rend, xxxiii. 229.) 

Phexti-tartbamio, or Tartranilic Aom, C ,# H n NO* — C 4 H*(C 4 II a )NO s . 

( A r p p g, Ann. Ch. Pharm. xciii. 352; Jahrcsb. 1855, p. 477.) — This compound is 
obtained by boiling tartranil with aqueous ammonia. On ovaporating tho excess of 
ammonia at a gentle heat, adding an excess of baryta-water, decomposing tho washed 
precipitate with sulphuric acid, and filtering, the turtranilic acid separates in light 
red warty masses and shining laminae, which may be rendored colourless by treatment 
with animal charcoal. 

Turtranilic acid is very soluble in water and in alcohol , less soluble in ether ; it melts at 
1S0°, and decomposes with loss of water. — Its ammonium-salt remains, on evaporation, 
us a very efflorescent, easily soluble, crystalline mass. Tho aqueous acid is not precipi- 
tated by lime-water, even on addition of ammonia; but on addition of potash, a cloudiness 
is produced, and a precipitate on boiling ; neither is the aqueous acid precipitated by 
chloride of barium or calcium , even on addition of ammonia; with baryta-water it 
forms a copious precipitate, and with ferric chloride, a yellow precipitate. 

Tartranilate of Barium , C 20 H V0 JIa"N 5, 0 ,# t is moderately soluble in boiling water, and 
crystallises in shining spungles. — The silver-salt, C l# H 10 AgNO J , is a white somewhat 
soluble powder. 

TAKTKAMISB. CIPNW = 

desir, loc. cit . — Pasteur; Compt. rend. xxxv. 176. — Grote, loc. cit.) — Produced by 
passing dry ammonia-gas into an alcoholic solution of tartaric ether. It usually crys- 
tallises from pure water in holohedral crystals ; but if a few drops of ammonia are 
added to tho hot solution, tho crystals deposited on cooling exhibit heniihednil faces, 
often very fully developed. Its solution exhibits dextro- or ltevo-rotation, according 
to the kind of tartaric acid from which it has been prepared. Both varieties unite 
with ordinary active malamide , forming compounds which have the same composition, 
but differ in crystalline form and in solubility, the compound containing lajvotartra- 
mide being much more soluble than tho other. (Pasteur.) 

A hot solution of mercuric oxide in tartramide deposits crystalline crusts of mer- 

curotartramide, C , •H < •Hg , N ,^ O , • (?), insoluble in water, soluble in hydrochloric 
acid, not attacked by iodide of ethyl. (Grote.) 

Oxide of silver is easily reduced by tartramide. (Grote.) 

Diphxxtltartraxide, or Tabtbanilide, C^H^N’O 4 « C*IT*(C e JP)*N 1 0 4 . 
(Arppe, Ann. Ch. Pharm. xciii. 352.)— Produced, together with tartranil (phenyltar- 
t rim i tie), by the action of heat on tartrate of aniline. This stilt, heated to 1 30° — 140 , 
gives off aniline (the neutral salt being partly converted into the acid salt) ; and at 
150°, the mass fuses, and then no longer gives the reaction of aniline with chloride of 
lime: 

v - 2H*0 - C , *H , *N*CM. 

Neutral lartraU of Tart rsnl lids, 

anil iue. 


C 4 H 4 (NH 2 )*0 4 


IT* 

(C 4 H 2 0 2 )*’ 

II 4 


O* 

1 N 8 * 


(Demon- 
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C*H*(C*H«N)0‘ 

Add tartrate of 
aniline. 


- 2H*0 


c i wm\ 

Tartranil. 


Boiling water dissolves out the tartranil ; the brown residue dissolves in boiling 
alcohol ; and the solution, on cooling, deposits crystals of tartranilide. ® 

Tartranil ide crystallises in colourless, nacreous, slender, interlaced needles, insoluble 
in water, slightly soluble in ether, moderately soluble in alcohol. It may be heated 
to 250° without decomposition, melts and decomposes at a higher temperature, but bv 
careful heating to somewhat below its melting-point, it may be sublimed in shining 
laminae. It is not altered by boiling with alkaline solutions. It is dissolved with 
difficulty by hot hydrochloric acid, with partial decomposition by nitric acid, easily 
by sulphuric acid. 3 


TARTRAMTLIC ACID* Syn. with Amyltartaric Acid (p. 694). 

TABTSANZL. Syn. with Phenyi.tartbimide (infra). 

TADTDAZffZZtZC ACZD. Syn with Phenyltartramic Acid (p. 697). 

TAXtTRAZrzUDB. Syn. with Phenyltartramide (p. 697). 

TABTVATZ8* See Tartaric Acid (p. 676). 

TABTBUZO ACZD. Soluble tartaric anhydride (p. 691). 

TARTBBTB7&1 C ACZD. Syn. with Ethyltartaric Acid (p. 694), 

H3 ) Q2 

TABTRZMZDZ. C 4 H 4 N0 4 = (C»H*O a )"Kj = (acid ammonium- 

H 1 

tartrate) — 2H[ 2 0. — This compound has not been obtained ; but phenvltart.rimide or 
tartranil, C , *H°N0 4 = is produced, as above described, together 

with tartranilide, by the dehydration of tartrate of aniline. It fhay be purified by 
recrystallisation and treatment with animal charcoal, and separates, on cooling from 
hot. solutions, as a white granular powder, or in nacreous lamime. It dissolves easily 
in water and in alcohol, sparingly in ether. - It may be heated to somewhat above 
200° without decomposition (the granular variety becoming crystalline, and partly 
volatilising as a woolly sublimate), but melts, and decompose* at 230°. It is tasteless, 
but reddens litmus-paper distinctly. (Arppe, be, cit.) 

TARTROODTCBXZC ACZD. Syn. with Glycerotartaric Acid (ii. 893). 

TABTROMBTHY1IC ACZD. Syn. with Methyltartaric Acid (p. 695). 

TABTROiriC ACZD. C*H 4 O s . (Dessaignes, Compt. rend, xxxiv. 731; 
xxxviii. 44.) — A dibasic acid, produced by the spontaneous decomposition of nitrotar- 
taric acid (p. 690) ; also, according to Bae ver (Jahresb. 1864, p. 641), by the action 
of sodium-amalgam on mesoxalic acid, C*H*0* (iii. 932). It crystallises in rather 
large prisms, which melt at 160°, and decompose with formation of glycollide 
(ii. 919) : 

C*H«O s m C a H a O a + CO 2 + H 2 0. 


The tartrouates of the alkali-metals are soluble in water : the acid ammonium^alt 
crystallises in prisms : the silver-salt contains C’lPAg^O*. — The aqueous acid forms 
precipitates with argentic, plumbic, and mercurous salts, and with the acetates of 
barium, calcium, and copper. 

TARTROVXlffZC ACZD. Syn. with Etuyltartaric Acid (p. 694). 

. TARTRYL. C 4 H 2 O a . — The radicle of tartaric acid. 

TARTRY1ZC ACZD. Syn. with Tartaric Acid. 

TA8KANZTB. A fossil resin occurring, in small scales or plates, between the , 
layers of a rock containing alumina and ferric oxide, occurring on the Mersey River in 
Tasmania. The resin, which forms from 30 to 40 per cent of the entire deposit, is 
translucent and reddish-brown, has a specific gravity of 1*18, hardness = 2, and a 
conchoidal fracture. It is not dissolved by alkalis, alcohol, ether, carbonic disulphide, 
benzene, or other hydrocarbons. It is slowly oxidised by nitric acid, with formation of 
sulphuric acid; oil of vitriol chars it, and eliminates sulphydric acid. By dry distilla- 
tion, it yields oily and solid products, sraelliug like Canadian petroleum. It burus 
readily in the air, with a smoky fiame and offensive odour. It gives by analysis (after 
deduction of 8 to 12 per cent, ash, consisting of Bilica, alumina, and a little ferric 
oxide), 79*84 per cent, carbon, 10*41 hydrogen, 6*32 sulphur, and 4*94 oxygen, agreeing 
nearly with the formula C°H BJ O a S. (Church, Phil. Mag. [4] xxviii. 466.) 

TAUN US-BXtATS. A clay-slate occurring in the Taunns range in Western 
Germany. It has a grey to violet colour, and silky iridescent lustre, and eon- 
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sericite or demount® (p. 286). A similar formation oernrr at OSllnita in 'i 

Hungary- 

TAVXUSVB* C*H r NSO l .'— 'A neutral crystallisable substance ob ta i n ed from bile* 
and resulting from the transformation of taurocholic acid under the influence of acids 
or of alkalis : 

C**H 44 NSO T + H*0 - C*H r NSO # + C"H«*0*. 

Taurocholic Taurtne. Cholic 

meld. acid. 

It was discovered in 1826 by L. Gm elin(Ticdemann u. Gmelin, Die Verdauung , i. 43* 
60), who obtained it from ox-bile ; it may also be prepared from the bile of most other 
animals -from all kindsofhile, indeed, which contain taurocholic acid (Stroekor, Ann. 

Cli. Phartn. lxv. 132 ; Ixvii. 34 ; xci. 101). — It is never found in the free state in healthy 
bile, or indeed in any other of the healthy secretions, at least in the higher animals; 
but it often occurs in diseased bile taken from the dead bo$y, especially when the bile 
has an arid reaction. It is found also in certain molluscs (Valenciennes and 
Fr£my, Compt. rend. xli. 735 ) ; in the muscles of the oyster, which close the shell; in 
the blood of the shark ; in the liver, spleen, and kidneys of the ray (Stadoler and 
F rericlis) ; in the pulnmimry tissue of oxen, and sometimes in the kidneys (Cloetta, 
Ann. Ch. Pharm. xeix. 289). It has been especially studied by Demarqay 
(Ann. Ch. Fhurm. xxvii. 286), by Dumas and Pelouza xxvii, 292), and by 

Red ten bacli or {ibid. Ivii. 170), who first showed that it contains sulphur. 

According to the formula above given, which was established by Redtenbacher, 

taurine is isomeric with acid sulphite of vinyl-ammonium, and U m* 

luted to isethionic acid in the same manner as alanine to lactic acid : 

C*1D(NH*)0* - 11*0 - C*H 7 NO*. 

Lnct iti* of Alanine, 

ammonium, 

C*11 B (NID)S0 4 - 11*0 - C*H 7 NSO». 

Itethlonate of Taurine, 

ammonium. 

In accordance with this lust relation, Streoker has shown that it may be produced from 
bethiouate uf ammonium by elimination of water, and an improved method of preparing 
it from isethionic acid has recently been given by Kolbe. (Ann. Ch. Pbarm. exxii. 

33 .) 

JWparafiun. — 1. From Bile. Ox-bilo (which is the kind most easily obtained in 
quantity) is mixed with hydrochloric acid, and the liquid filtered from the resulting 
precipitate is evaporated down at the boiling heat, till it has separated into a viscous 
resinous deposit and a clear watery liquid. The latter is poured off, the resin 
rinsed with water, and the united liquids concentrated. On cooling, they deposit a 
largo quantity of common salt, together with crystals of taurine, which must be picked 
out and purified by recrystallisation. 

Taurine is alno easily prepared from putrid bile. The bile, mixed with a considera- 
ble quantity of water, is exposed for about three weeks to a summer temperature, till it 
acquires a distinct acid reaction. It is then precipitated with acetic acid; the filtered 
liquid is evaporated ; the residue treated with strong alcohol ; and the taurine, which 
remains undissolved, is crystallised from boiling water (Gorup -Besanes, Ann. Ch. 
Pharm. lix. 130). Ajb taurine may be decomposed by prolonged contact with ferments* 
it is important not to allow the putrefaction to go on too long. 

2. From Isethionic Acid. — a. Isethionate of ammonium is heated for some time to 
21 1»°, till it becomes solid; the residue is dissolved in water; and the solution mixed 
with a small quantity of alcohol, which throws, down a brownish substance ; then with a 
larger quantity, which precipitates taurine (Strecker). The product thus obtained 
is generally small, the greater part of the taurine suffering further decomposition. 

3- Dry pulverised isethionate of potassium is mixed in a retort with 2^ times its weight 
of phosphoric pentaehloride. The mixture immediately becomes warm, and gives off 
hydrochloric acid and phosphoric oxychloride, after which, on applying heat* chlor- 
ethyl sulphuric chloride, C*H*SO*CP, distils over, together with mort oxychloride. These 
two substances are separated by fractional distillation, and the chlorethylsulphurio 
chloride, which passes over at about 200°, is decomposed by prolonged heating with 
water in sealed tubes, into hydrochloric and chlorethylaulphunc acids. The resulting 
solution is neutralised with ammonia, and the salt left on evaporating it over the 
water-bath, is heated for some time to 100° in closed vessels with excess of strong 
aqueous ammonia* whereby taurine is produced, together with sal-ammoniac. The 
free ammonia is then evaporated off ; the liquid heated with hydrate of load as long s# 
ammonia continues to escape ; and the filtrate* freed from lead by sulphuretted hydrogen* 





2b concentrated by evaporation : it then, on cooling, yields crystals * of pure tanriae 
(Kolb e).. The series of reactions is represented by the following equations 


*C 3 H*S0 4 + 2PCl a 

lsetblonlc 

acid. 


C*H 4 SO*Cl* + 2POC1* + 2HCL 

Chlorethvl- 

sulphuric 

chloride. 


C®H 4 SO*Cl a + H 2 0 « HC1 + C a H s ClSO # . 

Chloretbyl- Ch loretl yl- 

lulphuric sulphuric 

chloride. acid. 


C*H A C1S0» + NH* « HC1 + C*H T NSO*. 

Chlorethyl- Taurine, 

sulpiiunc 
acid. 


Properties. — Taurine forms large, transparent, monoclinic crystals, haring a 
yitreous lustre, and usually exhibiting the combination oc>P . 00 P 00 . +P . — p ( 
like jig. 301 (ii. 155), also with oP and other faces. Axes a : b : c — 1*4648 : 1 : 
0*06618. Angle b : o = 88° 22'; ooP : ooP (orthod.) * 68° 32'; oP : ooP « 
87°; +P: +P(clinod.) - 137° 30'; -P : -P (clinod.) - 139° 44'. The crys- 
tals grate between the teeth, and have a pungent taste ; they are neutral to vege- 
table colours, and permanent at 100°, but melt and carbonise at a higher temperature. 
By dry distillation, they yield a brown empyreumatic oil, together with a yellow 
slightly acid liquid, which contains an ammoniacal salt, and reddens ferric chloride 
(acetate of ammonium ?). 

Taurino is more solublo in hot than in cold water ; 1 pt. dissolves in 15 5 pts. 
water at 12°. It is nearly insoluble in absolute alcohol. — Strong sulphuric and nitric 
acids dissolve it ; but it is not decomposed by nitric or by nitromuriatic acid, even at 
the boiling heat, or by dry chlorine. — Nitrous acid converts it into isethionic acid, 
with evolution of nitrogen (Gibbs, Sill. Am. J. [2], xxv. 30). Its aqtioous solution 
is not precipitated by salts of copper, mercury, or silver. — Melted with caustic potash , 
it yields a residue, which, when treated with dilute sulphuric acid, gives off sulphydric 
and sulphurous acids, and yields a deposit of sulphur. If evaporated slowly with 
caustic potash, it gives up all its ammonia at a certain stage, without blackoning ; 
and the cooled residue, if then treated with sulphuric acid, gives off sulphurous acid, 
Without sulphydric acid or deposition of sulphur, and yields by distillation a mixture 
of acetic and sulphurous acids. 

TA1TRXSCXTE. A variety of ferrous sulphate, found on tho Windgallo, iu the 
Canton Uri, Switzerland ; it has tho composition of ordinary green vitriol, but forms 
orthorhombic crystals, like those of magnesium-sulphate. 

TAUXOCHENOCHOLIO ACID. A sulphuretted acid contained in goose- 
bile, It has not been obtained quite pure, but, according toHeintz and Wislicenus 
(Pogg. Ann. cviii. 647), it consists of C^H^NSO*, differing therefore in composition 
from taurocholic acid, and, when boiled with baryta- water, yields chenocholic acid, 
C* T H 44 0\ homologous with hyocholic acid, C^H^O 4 . Chenochol ic acid is insoluble 
in water, soluble in alcohol and ether, and separates from solution mostly as an 
amorphous mass, rarely in indistinct crystals. Its solution has an acid reaction, and 
gives, with sugar and sulphuric acid, the blood-red coloration characteristic of the 
biliary acids. — Its barium-salt , C ft4 H M Ba"0 - , is insoluble in Vater and in ether, but 
soluble in absolute alcohol. — The potassium-salt dissolves easily in water and in alcohol, 
but not ii} dilute potash-ley. 

TAUXOCHOIZC ACID. C M H«NS0 7 . Choleic Acid . Sulphochdeic Acid. 
(Sltrecker, Ann. Ch. Pharm. lxvii. 30; lxx. 169. — Lieberkiihn and Heintz, 
Lehrbuch dcr Zoochrmie , p. 367. — Hoppe, Arch. Path. Anat. xv. 126. — Cloetta and 
Vulpian, N. Jahrb. Pharm. vii. 106. — J. Parke, Bull. Soe. Chim. 1866, ii. 242.) — 
An acid occurring as a sodium-suit in the bile of most animals. In the bile of serpents 
(Boa, Python), and in that of the dog, it occurs free from glycocholic acid ; in that of 
fishes (Pleuronectcs, Gadus , Esox, Ptrca ), and of the shoep, wolf, goat, and domestic 
fowl, mixed with ouly a small quantity, and in that of the ox, with a large quantity 
of glycocholic acid. 

Taurocholic acid may be prepared from dog’s bile, by evaporating the decolorised 
alcoholic extract of the bile ; digesting the residue with a small quantity of absolute 
alcohol, and adding ether, which precipitates the alkaline taurocholate in the crystalline 
state ; mixing the aqueous solution of this salt with acetate of lead and a little Am- 
monia ; exhausting the washed precipitate with boiling alcohol ; and saturating the 
hot filtered liquid with sulphydric acid gas. On evaporating the filtered liquid to fi 
small bulk, and precipitating with excess of ether, the syrupy precipitate solidifies, 
after some time, into a mass of fine silky needles of pure taurocholic acid, which in 
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contact with the air quickly changes to an amorphous transparent mass (Parke),# 
Tauroeholio ' arid may be prepared from bile containing also glycocholie acid, fey 
first precipitating the latter with basic acetate of lead, and throwing down the 
taurocholic acid from the filtrate by adding more basic acetate of lead and ammonia. 
(Heints.) 

Taurocholic acid is easily soluble in water and in alcohol, lees soluble in ether; it 
has a sweetish taste, with somewhat bitter aftertaste. It acts upon polarised light, its 
specific rotatoiy power being +24-9° for rod, and + 25*3° for yellow light (Hoppe- 
Sey ler). In the dry state, it muv be heated considerably above 100° without decom- 
position (Parke) ; but when boiled with water, or with alkali*, it is resolved into 
taurine and cholic acid : 

C*n«NS0* + H*0 = CH’NSO* + C*«H«0». 

By boiling with acids, it is resolved into taurine and dyslysin, together with 

other products : 

C M H«NSO T « CPH'NSO 1 + + H*0. 

Taurocholates. — Taurocholic acid is monobasic. Tho taurocholafcs of the 
alkali -metals are easily soluble in water and in alcohol, but insoluble in ether, which 
precipitates them from their alcoholic solutions as pasty masses changing into crystals 
on standing. Tho aqueous solutions of tho alkaline taurocholates froth like soap- 
water, and deposit the dissolved salt on addition of caustic potash. They give no 
precipitate with acetic acid, dilute mineral acids, or neutral acetate of lead. — Basie 
acetate of had throws down white flocks, soluble in boiling water, ami in excess of 
the lead-solution ; on adding a few drops of ammonia, a more abundant precipitate is 
formed. — Ferric chloride produces a precipitate easily soluble in excess. No turbidity 
is produced by nitrate of silver or by mercuric chloride. — Mi rcurous nitrate, and 
stannous chloride throw down white flocks. The solutions give no precipitate with 
acetate of barium, strontium, calcium, magnesium, or copper. 

Tauroeholate. of Barium is obtained, by dissolving taurocholic acid in baryta-water, 
evaporating, dissolving in alcohol, and precipitating with ether, as a resinous mass, 
which quickly solidifies in tho crystalline form. 

Taurochotate of Lead. — The precipitate formed by basic acetate of lead in tho 
Bolulion of ail alkaline tauroeholate contains 6 2 at. carbon to 2j at. lead. 

Tauroeholate of Potassium, O^H^KNSO 7 , is contained in Ash-bile, together with 
glycocholate of sodium. To obtain it pure, the bile is first precipitated by neutral 
acetate of lead; then tho filtrate by basie acetate of lead and ammonia; the pre- 
cipitate is decomposed by carbonate of potassium; and tho solution is mixed with 
strong potash-ley, which precipitates the tauroeholate of potassium. For further pu- 
rification, it is dissolved in absolute alcohol; carbonic acid gas is passed into the 
solution ; the liquid is* filtered from the carbonate of potassium which separates ; and 
the tauroeholate is precipitated by ether. It thou separates in colourless needles, 
grouped like crystals of wavellite. 

Tauroeholate of Sodium , C^li^NaNSO 7 , is one of tho chief constituents of ox-bile. 

It resembless the potassium-salt. 

TAURYLXC ACZB. C’H"0 7 . (Stadeler, Ann. Oh. Pham, lxxvii. 17.) — A 
compound obtained, together with phenol, from cows’, horses’, and human urine. Ifc 
appears to be isomeric with anisol, bcnssylic alcohol, and cresol — perhaps identical 
with the latter; but its composition is not preciscdy known, as it has never been 
completely separated fron phenol. 

To extract it, cows* urine is boiled with lime, and the decanted liquid is evaporated 
to an eighth of its bulk ; supersaturated when cold with hydrochloric acid ; left to 
stand for twenty-four hours ; and then distilled, after separation of the hippuric acid 
deposited from it. The distillate, which contains thick greenish oily drops having a 
disagreeable odour, is mixed with a weighed quantity of potassium-hydrate and 
rectified (whereupon it gives off, together with ammonia, a neutral nitrogenous oil 
heavier than water, and having the Sour of rosemary) ; the residue is mixed with a 
quantity of sulphuric acid sufficient to neutralise |ths of the potash, and distilled, a# 
long as the distillate is precipitated by basic acetate of lead ; this distillate, which 
smells of phenol, is repeatedly rectified over common salt, tijl only a small quantity 
of watery liquid remains mixed with it, then repeatedly agitated with carbonate of 
sodium (to remove damolic and damaluric acids, li. 30 1), and exhausted with ether; 
the ethereal solution is evaporated; the residue distilled, first with strong potash-ley 
to volatilise neutral oil, and then with acid carbonate of potassium ; and this last oily 
distillate is dried over chloride of calcium and rectified, oil containing water then 
passing over at 180°, pure oil between 186° and 195°, and brownish oil at 200°, 

The liquid which passes over between 186° and 196 J , is a mixture of tsuryttc and 
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5 phenic acids. It is a colourless oil, which smells like castoretun* remains liquid at 
HP, and makes a white spot upon the skin. With an equal volume of strong 
sulphuric acid, it solidifies to a dendritic mass, the mother-liquor of which contain* 
phenyl sulphuric acid. When boiled with nitric acid, it yields a nitre-acid. 

TAUTOCLINE, Breithaupt’s name for a ferruginous bitter spar, from Freiberg, 
containing, according to Ettling (Ann. Ch. Pharm. xeix. 204), 49 07 per cent. CaCO* 
33*28 MgCO 3 , 14*89 FeCO 3 , and 2*09 MnO 3 ( = 99*33). 

TAVTOLITE. A mineral allied to buck landite, but regarded by Breithaupt 
as a distinct species, occurring in the volcanic rtxiks at Lake Laach, near Andernaeh. 
It is opaque, black, with vitreous lustre, and crystallised like bucklandite : hardness 
t» 0*5 ; specific gravity «= 3*865. It appears to consist mainly of the silicates of fer- 
rosum, magnesium, and aluminium. 

TAXnr. A resinous substance obtained from the leaves of the yew-tree (Tarus 
baccata), by treatment with alcohol and tartaric acid, two pounds of the leaves yielding 
3 grains of taxin. It is slightly soluble in water, dissolves easily in alcohol, ether, and 
dilute acids, and is precipitated from the acid solutions by alkalis in white bulky 
flocks. It is not precipitated by tannic acid or tincture of iodine. Strong sulphuric 
acid dissolves it, with purple-red colour. (Lucas, Arch. Pharm. [2], lxxxv. 145.) 

TA7I77ZV. An amorphous, purgative, bitter substance, contained in the root of 
T-rianosperma fcifolia , Mart., a climbing cucurbitaceous plant, indigenous in Brazil. 
(Feckolt, Arch. Pharm. [2], cxiii. 104.) 

TCBA-LAW. A blue powder, containing copper, used by the Chinese for pro- 
ducing blue colours on porcelain. (Ebelmenand Salv5tat, Ann. Ch. Pbys. [3], 
xxxv. 338.) 

TCHXirGTrab-BAJLSSS'X'. A kind of caoutchouc, less elastic than the ordinary 
kind. It is said to flow from incisions in the stem of a tree cultivated in Kurdistan, 
and to harden in the air ( Handw . d. Ckem . viii. 525). 

TEA. ThS, Tkee. Folia tkea . — The dried leaves of the tea-plant, Tkea sinenm, 
This^ plant is indigenous and extensively cultivated in China, Japan, and the northern 
parts of the eastern peninsula of India, and has been introduced more or less success- 
fully into British India on the southern declivities of the Himalayas, Java, the Kong 
Mountains in Western Africa, Brazil, Madeira, and other countries of warm and tem- 
perate climates ; it appears, indeed, to be capable of flourishing in all latitudes between 
0° and 40°. It was formerly supposed that there were two species of the tea-plant, 
The a viridu, yielding green, and Tkea Token, yielding black tea; but it appears, from 
the recent observations of Mr. Fortune,* that either green or black tea may be obtained 
at pleasure from the same plant. 

Green tea is prepared from the young leaves, which, within an hour or two after 
they have been gathered, are roasted in pans over a brisk wood-fire. After four or 
five minutes 1 roasting, the leaves become flaccid, and are rolled by the hands upon a 
wooden table ; they are then again thrown into tho drying- pans, where they are kept 
in rapid motion, and in shout an hour, or an hour and a half, are completely dried. 

Black tea is allowed to lie in heaps for ten or twelve hours after the leaves have 
been gathered ; they are then tossed about for some time, till they become flaccid. At 
this stage they begin to emit a fragrant smell ; they are next rolled in balls, with the 
hand, upon a wooden table, and a large quantity of liquid is expressed from them ; 
after which they aro shaken out, roasted for a few minutes, again rolled, and, whilst 
still flaccid, are exposed to the air for some hours upon shallow bamboo trays : this 
alternate heating and rolling is repeated three or four times, and Anally, the leaves are 
dried slowly over charcoal fires. A species of fermentation appears to occur during 
the drying of the leaf, in consequence of which a development of essential oil takes 
place, by which the agreeable aroma is occasioned : this aroma is wanting in the fresh 
leaf. The change of the leaf from green to black is mainly due to chemical alterations 
produced by the oxygen of the air upon the constituents of the leaf, and especially 
upon the astringent principle — this change being prevented in green tea by the rapid 
process of drying to which it is subjoeted. 

Many kinds of green tea, intended for the European market, are coloured by dusting 
them with a finely-pulverised mixture of prussmn-blue and gypsum, turmeric being 
also sometimes added ; but the Chinese never colour tea intended for their own nse. 
Teas for the foreign market are also frequently perfumed with various sweet-scented 
flowers— as roses, jasmine, orangfe, Gardenia fiorida, Olea fragrant , Arc. 

Tea is subjected to numerous adulterations. It is often mixed with various leaves 

V" The Tea Districts of China sad India,” by R. Fortune (3rd edition, London, John Sfamgr, ISO), 
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TBA* TOff ; 

(as those of the elm, willow, albe, &o.j, dried and prepared likcirue tea-leaves ; or it $£)§ 
mixed, during the colouring process above mentioned, with graphite, tele, W ’ ; 
mime instances, preparations of copper hare actually been used to give a green colour 
to tea (GttnthOr, J. pr. Cham. x. 279. — Waring to n,Cbera. Gax. 1962, p. 238).- 
A kind of adulteration, which has been much practised in this country, is the work* 
ing np of spent tea-leaves, which are prepared in the Chinese fashion, so as to resemble 
black and green tea. Sometimes also products are sent into the market as tea, or 
mixed in considerable quantities with various kinds of tea, which do not consist of 
tea-leaves at all, but ore artificial mixtures, made out of tea-dust, sand, and dirt of 
various kinds, united together with paste. A substance of this kind is prepared in 
China, and called by tho Chinese “ Eie-tea by the English 14 gum aud dust.” 

Chemical Constitution of lea, — The most important constituents of tea are, -an 
essential oil, to which it owes its peculiar aroma ; two nitrogeniaed bodies, via., t Heine 
or caffeine, and legumin ; and a poculiar astringent substunco, or tannin. 

Mulder (Afan. Ch. Pharm. xxviii. 314) analysed four kinds often, from China and 
Java. Ue found the proportion of water in all of them nearly the same, whereas 
PAligot (ibid, xlvii. 368) found the average amount of water equal to 10 per cent, 
in green tea, and 8 per cent, in black : — 


Composition of Dried lea, (M u 1 d e r.) 

Chinese Tee. Java Tea. 


Volatile oil • 


Green 

(Hy»on). 

0*79 

BUck 

(Conjio). 

0.60 

Green 

0*98 

Block 

(Con so) 
0-06 

Chlorophyll 


2 22 

1-81 

324 

1 28 

Wax 


028 

. , 

0*32 


Resin . ' • • 


2-22 

3-64 

1*64 

2*44 

Gum . • • 


860 

7 28 

12*20 

1108 

Tannin • • 


1780 

12-88 

17*56 

14-80 

Theine 


0*43 

0*46 

0*60 

0*05 

Extractive matter , 


22-80 

19-88 

21*68 

18-64 

Extractive deposit* 


, , 

1*48 


1-64 

Extracted by hydrochloric acid 

23*60 

19*12 

20*30 

18-2-4 

Albumin (? legumin) 

. 

3*00 

2*80 

3*64 

1-28 

Woody fibre . • 

, 

1708 

28-82 

18*20 

27*00 

Ash • • « 


6 56 

6-24 

4*76 

5*30 



164 34 

104*04 

105*18 

103*00 


The volatile oil of tea is obtained either by diatillatiou, or by extraction with 
ether. It is lemon-yellow, lighter than water, easily solidifies, resinisos quickly on 
exposure to the air, and possesses in a high degree the smell and taste of tea- It has a 
powerful stimulating action, and in rather large quantities produces giddiness and 
headache : in combination with tannin, however, it produces (according to Muldur) 
merely a diuretic and sudorific action. 

The properties of th cine, and the methods of extracting it from tea, have already 
ben described under Caffeine (i. 707). Tho following arc the proportions of it in 
various kinds of tea, as determined by Stcnhouse (Ami. Ch. Pharm. xlv. 366; 
xlvi. 227 ; lxxxix; 246; cii. 126):— 


Green Hyson tea contains 

Black Congo *» 


Cheap green Twankay •» 

Cheap black Bohea »» 

Black tea (average) f *» 

The same - ** 

Blade Kumaon tea (Himalayas) » 


1*05 per cent, theine. 
102 
1*37 
0*08 
0*70 

2*00 „ 

2*18 „ 


1*0 


Piligot (Ann. Ch. Pharm xlvii. 361) found in Hy#m tea 2*40 and 2*56 per cent, 
theine ; in a mixture of equal parts of Gunpowder , Hyson, Caper, and Kateow tea , 2*70 ; 
in Gunpowder tea, 3*6 and 4*1 per cent., and by a more complete method of extraction 
B 21 per cent., of which 3*84 ciystalliaed out from the concentrated solution, and ivi 
were obtained from the motheT-liquor by precipitation with tannic sctd. 

The proportion of nitrogen in tea, dried at 100*, is (according 
in Pekoe tea 6 58, Gunpowder 616, Souchong 6' 16, and Assam 6*10 percent. The aqtMOOd 


• OtMM extractive matter, according to We r I n g % « n( Aim. Cb. Ptoarm. lx**t 
t Graham, Stsnhoute, and CimfftelUtlw. *k»c- 4a *• W* 





of 1 OOp ts. dried* Qttpowde r tea yielded 4;^ 
The leaves, exhausted by hot water^ii 
1 ^ • ) nitrogen. 


y)and 4.40 _ 

«aeeiu (legumin), combined wii 
which may, however, be rendered 
determinations — 

100 pts. of Gunpowder tea contain: 



-■m 

it* 

ivea contain 


tannin in the form of a compound insoluble in water 
soluble by addition of alkali* According to Piligoft 


Water . 

. 10 

| containing j 

[Volatile oil . 

. 0*5 

Extract . 

. 47 

Theine 

. &-o 

Exhausted leaves 

. 43 

n 

Legumin . 

. I» 


100 




100 pts. Souchong tea contain : 




Water . 

Extract . 

. 8 
. 43 

> containing 5 

Volatile oil. 

Theine 

o*« 

> 45 i 

. 6*0 

Exhausted leaves 

. 49 

it 

Legumin . 

* U ‘° 


100 


In the way in which tea is generally used, namely, as 'a watery infusion, the legumin 
‘remains in the spent leaves which are thrown away ; but among the Mongols and other 
tribes of Central and Northern Asia, tea is used more as an article of food than as a mere 
beverage. These people make use of a product called bricJe-tca , prepared in China from in- 
ferior teas, and from the stalks and other refuse of the better sorts, which are compressed 
into cakes, either alone, or more frequently with addition of sheep's or bullock’s blood. 
These cakes are pounded and boiled with water containing common salt., carbonate of 
potassium, or other alkaline salt (to dissolve the legumin), and the whole, mixed with 
fat and flour, is consumed as a thin broth. 

The tannin of tea-leaves is commonly said to be identical with gallotannic acid. 
Stenhouse, however, regards it as a peculiar kind of tannin distinct from the latter; he 
finds also that it is associated in tea-leaves with a small quantity of gallic acid. Ac- 
cording to R. Wagner also, all tannins occurring in healthy vegetable organs are 
essentially distinct from those which, like gallotannic acid, are found only in diseased 
tissues like gall-nuts (see Tannic Acid, p. 660). The tannin of tea-leaves produces a 
.blue-black precipitute with iron-salts. • 

The proportion of ash in unadulterated commercial tea varies from 4*73 to 6*5 per 
cent. ; in adulterated tea it is often much larger ; in some of the Chinese “ Lie-teas,” 
Warington found from 34 to 45‘5 per cent. ash. The ash of tea is especially distin- 
guished by its large amounts of iron and manganese. Fleitmann (Liebig's Chemteclie 
Briefe, 4te Aufl. ii. 182) found in an infusion of 70 grins, of Pekoo tea, 0*104 grm. 
ferric oxide, and 0*20 grm. manganous oxide.* Lehmann found in the ash of tea-infu- 
sion 0*7 per cent, manganic oxide. 

The following are analyses of tea-ash: a and b of “ Souchong” by Spooner; 
c, “ Oolong ” by Tevis : d, “ Young Hyson'* by Hague ; e, “ Ning Young ” by Homer; f 
ft dry aqueous extract of tea, by Lehmann } : — 



a. 

b . 

c. 

d. 

r. 

/• 

Ash per cent, of dry substance. 

5*48 

6*11 

6*14 

6 ft# 

’ . '&r 

t. 4 ” 

19*69 

100 ptfl. of ash contain : 
Na*0 

25*40 

1*70 

4000 

9.26 

12*88 

6-03 

K*0 ... 

3*70 

44*96 

1238 

33*95 

28*38 

47*45 

MgO .... 

9*59 

8*41 

6*17 

6*79 

t , 

6*84 

CaO .... 

11*36 

8*77 

7*68 

817 

8*39 

1*24 

Fe a O* 

8*42 


7*18 

4*75 

19-31 

3*29 

Mn*0* . 

„ . 



, , 

, 

0*71 

P*0*. . . . 

12*82 ' 

11*46 

8*26 

16*64 

17*44 

9*88 

SO* . a 

1014 

6*96 

8*27 

4*89 

4*76 

8*72 

SiO*. 

1604 

8*79 

7*81 

10*89 

5*5 9 

2*81 

CO* . 

. 

. , 


10*09 

Had 

2*40 

2*15 

- 2*25 

4-66 

3*26 

3*62 


i 99-73 

100-00 

100*00 

100*00 

100*00 

9918 


* There mu«t be some error ini these numbers. 

t The analytes m were made under Horsford*s direction (SHI. Am. J p], xl. 24 ft). The eoonnotts 
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The phyi&oguAl *5tion ^ Ae, when wed as an infOateu, depend* chiefly on the A 
tlioine, essential oil, tannin, awTinoxgamo constituents. In general, it may be sakf 
that tea acts upon the nervous system : when taken in moderate quantity, itheighton* * 
the activity of the brain, accelerating the flow of thought, and producing a pleasurable 
mental excitement ; in excess . it occasions sleeplessness and uneasiness, which may 
amount to anxiety, trembling, spasmodio^attacks, &c. It, moreover, increases the 
action of the heart, the excretion of urea, the perspiration by the skin, and the 
peristaltic motion of the intestines (Liebig, Chcmi&che lirufe , loc. cit.). Lehmann 
(I^hrb. d* physiol og. Chemie , i. 151) also found the excretion of urea increase after 
taking tea ;*Bocker, on the other hand (Archiv. f. wis«. Heilk. 1853, i. 2), found it 
diminished. Further and more extended experiments are required to decide whether 
the use of tea accelerates or retards the change of tissue in the organism, i See Knapp’s 
Chetnischs Technology 1848,^1. 84.) 

T1AK* Tsctona grandis . — The wood of this tree, which grows in the South of 
India and other tropical countries, frequently exhibits cracks and cavities of con- 
siderable extent, lined with a white crystalline deposit, consisting chiefly of hydro- 
calcic orthophosphate, Cn'TIPO 1 . 11*0, with about 11*4 por cent, ammonio-m&gnesian 
phosphate. (Abel, Chem. Soc. Qu. J. xv. 91.) 

TBA28. See Serous Fluids (p. 230), 

TBCTIUTB. A brown minoral, supposed to be a hydrated ferrous sulphate, 
occurring at Schwarzenberg in Saxony, and at Braunsdorff in the Erzgebirge, in small 
pyramidal and acicular crystals, and massive. Hardness — 15 to 2. It is easily 
soluble in water, and attracts moisture readily. (Dana, ii. 388.) 

TECTOWA. See Tkax. 

TBBTH, (Von Bibra, ‘Cliem. Untersuch. iibor die Knochen u. Zkhne, 1844. 
Fr^ my, Ann. Ch. Phys. [3] xliii. 47. — Hoppe, Virch. Arch. v. 170.; xxir. 13.) — 

— The typical mammalian tooth consists of dentine, enamel , and cement, nr rrnsta 
jwfrosa. Under the microscope, a thin section of dentine presents the appearance of a 
number of fine tubuleH, following a wavy but nearly parallel course from the pulp- 
cavity towards the exterior of the tooth ; these tubules give oft’ minute brunches from 
their sides, and, us they approach the periphery, rapidly subdivide. Enniuel seems to 
be made up of short prismatic, fibres, while cement differs from bone chiefly in the 
aWneo of Haversian canals. Among the different kinds of uuiinnls, Yery great 
vacations in the arrangement and relative proportion of these three constituents nre 
observable, and the teeth of some of the lower vertebrate present special modifications 
of tissue known by the names of vasodentine, &c. &c. 

Ksu*h of these dental tissues consists, like bone, of certain inorganic matters united 
(in a definite ratio, there is reason to believe) with an organic basis. In cement the 
organic b<\sis is identical with that of bone. The greater part of the organic matter 
of dentine is also resolved by prolonged boiling into gelatin, but the proper walls of 
the dentinal tubules appears to bo composed of a material which cannot be so 
resolved. The organic basis of the enamel does not yield gelatin, but seems rather 
to be allied to the chemical basis of epithelium. 

The proportion of inorganic to organic material, and the composit ion of the former, 
will readily fl© seen from the following analyses.. Zalesky ;IIoppc-.Seylcr, Unter- 
sneh. i. p. 40) foundm the rush of the enamel of fossil rhinoceros-tooth *592 per cent, 
of fluoride of cftlcitfiS^- Hoppe calls attention to the analogy between the inorganic 
portion of enamel and apatite. The enamel of undeveloped teeth contains a form of 
albumin:— 


Analysis of Enamet. (H o p p e.) 


Tilth of Mv.hon 
Infant. 

Twine 

Rif- 

Fowrfl 

rhino. 

urn 

FVmll 

•lot. 

P*>» 

M«U- 

Son. 

PllM. 

thrri. 

non 

Homo. 

Dog. 

67*73 

7**23 

76 89 

82'% 

85 M 

82*511 

AH 34 

86*22 

64*2 

89*44 

SSI 

7 IS 

6*00 

7*78 

8*3« 

II 74 

•j'rto 

9*17 

5*59 

trsce 

*23 


‘62 

6ft 

■44 

•M 

•57 

•66 

•80 

1*7 

1 72 
*63 

2*00 

*89 

1*63 

rst 

2*01 

*54 

*65 

*36 

1*28 

•70 

1*23 

? 

4*96 

. . 

'3ft 

, . 

•111 

■ 231 

trace 

trace f 

•21 

],» 

3*47* 


22*®* 

1 23 
14 36 

j 13-43 

tl-36« 

*27 

2*89 

i «* 

l*24*| 

1 

I 1-4*1 


• • 


* 

• • 

• • 

•09 j 

•6ft 


* 


Phosphate of calcium . 

< arbonate of calcium . . 

Jo, loride of calcium * . 

Phosphate of magnesium . 
Ferric phoaphate . 

£*lts soluble In water . I 
»»luble organic matters > 
insoluble organic matters ) 
Insoluble ferric oxide . . 


• Determined from loss. 


Vol. V, 


ZZ 








Comparative JnafyettfM* and part* of 2t*tt <f varioMAnmak. (Von 




Phos- 
phate of 
calcium 
and 

fluoride 
of cal- 
cium. 

Carbo- 
nate of 
calcium. 

Phos* 
phate of 
magne- 
sium. 

Enamel: 




2-65 

Woman, molar . 

. (27)* 

8163 

8*88 

Man, molar 

. (28) 

89-82 

4*37 

1*34 

Wolf, molar 

• (21) 

87*82 

1*21 

1*10 

Fox, molar 

. (24 

88*24 

1-72 

1*20 

Lion, canine 

• (25) 

83*33 

2-94 

3-70 

Bear, canine 

. (26) 

84-38 

2-20 

601 

Seal, canine 

• (17) 

85-60 

1-94 

100 

Horse, molar 

. (ID 

89-01 

1*19 

1-95 

Ox, incisor 

•• (6) 

83-77 

7*00 

1*32 

Dentine : 





Woman, molar . 

• (27) 

67-54 

7-97 

2-49 

Man, molar 

• (28) 

60-72 

3-36 

1*08 

Wolf, molar 

• (21) 

68-81 

1-04 

*97 

Fox, molar 

. (24) 

71-84 

•90 

*99 

Lion, canine 

• (25 

6003 

3.00 

4-21 

Bear, canine 

. (26 

64-88 

1*34 

6-40 

Seal, canine 

• (17 

68-46 

1*09 

•97 

Elephant (Indian), tusk( 1 4 ) 

38‘48 

5-63 

1201 


. (15) 

4648 

386 

784 

Dolphin . 

■ (16) 

66*37 

1-84 

1*36 

Boar, tusk . 

. (13) 

60-00 

2*61 

6-43 

Horse, molar 

• (10) 

6128 

608 

1-75 

Ox, incisor 

. (6) 

• (3 

08-33 

7'39 

•97 

Goat, incisor 

63-04 

2*83 

1-70 

Stag, molar 

• (2) 

63-51 

3-99 

3*72 

Crocodile . 

. (29) 

53*47 | 

6-33 

10-76 

Crusta Petrosa : 





Dolphin 

• (10) 

69’42 

1*79 

1-47 

Ox, incisor 

• (6) 

68*00 

7-22 j 

■99 

Crocodile . 

63-39 

0-29 

9-99 

Whole teeth : 





Saw-fish , 

• (30) 

6199 

3-64 

1-70 

Pike . 

. (31) 

63-98 

2*64 

•73 

Black fish • 

. (32) 

69-94 

9-01 

2*00 

Plaice 

• (33) 

57-20 

1*34 

i 

*88 


* The figure! in parentheses are Von Bibra’s numbers. 


Fossil teeth ': 

Rhinoceros tichorhimu : 
Upper molar: 

Enamel , . ' 

Dentine . . 

Elephas primigenius, molar 

>1 n i* 

Gave Bear, molar 
tlsh, acrodm . 

Fish from chalk 

















TEKOUETTN — TELLURIDES. ^ 

yiSOBanv. A ram found in fossil pine-stems in the bogs of Holtaga&rd * 
Denmark. It crystallises in large prisms, melting at 45°, insoluble in water, slightl/ 
soluble in alcohol, very soluble in ether. ^ It distils without alteration near the boiling- 
point of mercury. Chlorine converts it into a crystalline substance. Nitric acid 
transforms it into oxalic acid and a brown resin, apparently containing nitrogen. It 
gave, as the mean of four analyses, 87*17 percent, carbon and 12*84 hydrogen, agreeing 
approximately with the formula *C*H V . (Forchh&mmer, Ann. Ch. Pharm. adi. 39.) 

TKLAXSZN or TMtHSCXH* A product formed, according to R oc h led er ( J. pr. 
Chcm. lxxxvii. 22), by the action of aqueous acids or alkalis on argynescin, aphmd»- 
scin, and mscinic acid, constituents of the cotyledons of horse-chestnut seeds (iii. 172). 

<T^f.«uyrMMW. A product of the decomposition of orsollinic other (iv. 236), 
formed, according to Kane ^Ann. Ch. Pharm. xxxix. 36), when the ether dissolved in 
hot water is exposed to the air for several months ; it is probably a mixture, chiefly 
consisting of orcin and erythromannite. 

TBLBBZS. Syn. with Corundum (ii. 86). 

TBUBBAMTB. See Aim,, Teixuhjdk or (i. 206). 

WSMUMMt HB. See Tellurium, Oxides and Oxyokn- acids op. 

See Ethyl, Tklluride of (it 550 ). 

TBL1ITBBTBBIO ACID. H*Te. See Htdroobn, Tklluride of (iii. 204), 

TBLltntXC ACID. See Tellurium, Oxides and Oxygen-acids op. 

TELLURIC BISMUTH. See Tklluridks. 

TBL&URZC OCERB. Native tellurous oxide. 

TELLURIC BILVBR. See Texxuridks. 


TBZ»XaUAZX>B8 and TELLURBYDRATX8. Compounds analogous to the 

sulphides and sulphydrates, and to tho seleuides and selen hydrates. The tellurides 
b< long to the cIubs of metallic alloys: those of bismuth, gold, lead, and silver iuo 
found native ; the others may ho obtained by fusing tho respective metals with tellu- 
rium, or (in the wet way) by precipitating solutions of the metals with tollurhydrio acid 
or an alkaline tellurhydrate. The tellurides of potassium and sodium are prepared by 
heating powdered tellurium with an alkaline carbonate containing finely-divided 
charcoal — black flux, for instance. Tho access of air to tho mass must be prevented 
lilPit is quite cold, on account of its highly pyrophoric nature. It may then be ex- 
hausted with water, in which tho alkaline tellurides dissolve, being probably converted 
into tellurhydrates. They may also be formed by passing tellurhydric acid gas through 
solutions of caustic alkali. Tellurhydrate solutions have a portwino-colour, and de- 
posit, tellurium on exposure to the air. 

Telluride of 81*matli> — This alloy occurs native in several localities, forming 
the mineral called Telluric Bismuth, Tetradymite , or Bornitc. Some specimens contain 
only bismuth and tellurium, but generally the tellurium is partly replaced by sulphur 
and selenium. It forms crystals belonging to tho hexagonal system, namely acute 
rl loin be »h edrons, having the angles of the terminal edges — 66° 40', combined (accord- 
ing to Haidinger) with the basal face ott, and aggregated in cruciform groups of 
four individuals. It cleaves perfectly parallel to the base, and thin lamina* are more 
or less flexible, also somewhat elastic. The mineral likewise occurs in granulo-lami- 
nar masses. Hardness «■ 1 to 2. Specific gravity * 7*2 to 7*9. Before the blow- 
pipe it molts with tolerable facility, coating the charcoal with a yellow and white 
deposit, the reaction varying in character according to the proportion of sulphur or 
selenium present. It dissolves in nitric and in sulphuric acid. 

The variations in composition of this mineral will bo seen from the following 
analyses * : — 
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The great variations in the proportion of tellurium to bismuth, and the fact that the 
crystalline forms of the mineral and its two constituents belong to the same system 
(bismuth, rhombohedral ; tellurium, hoxagonal), lead to the conclusion that it is not a 
definite compound, but an isotrtorphous mixture of tellurium and bismuth. It must 
be observed, however, that many of the analyses — namely, those by Genth of the 
specimens from Virginia and Georgia, which contain no sulphur and little r.r no 
selenium — agree nearly with the formula Bi-Te 3 (requiring 59*9 per cent, bismuth, and 
48*1 tellurium) ; and that those by Berzelius, Wehrlo, and Hruschauer may be repre- 
sented approximately by BPTtfS. 


Tellur Id e of Gold and Silver. See Sylvanite (p. G47). 

Tellurlde of Hydrogen. Sec Hydrogen, Teixuride of (iii. 204). 

Tellurlde of l»ead, PbTe. Altaite, Cubic Tellurium . — This mineral 
occurs in the mine of Savodinskoi, near Barnaoul in the. -Altai, usually massive, with 
cubic cleavage, rarely in cubic crystals. It has a metallic lustre and tin-white colour, 
like that of native antimony. Hardness = 3 to 3*5. Specific gravity » 8*159. 
Soctiio. Before lhe blowpipe it volatilises in the reducing flam* 1 , leaving only a minute 
bead of silver, and colours the flame blue. It is soluble in nitric acid. It contains 
38*37 por cent, tellurium, 60 35 load, and 128 silver (G. Rose, Fogg. Ann. xviii. 68), 
and is therefore PbTe (38*3 tellurium, and 617 lead), mixed with a small quantity of 
eilvor-tellurido. 


Tellurlde of Silver, Ag-To. TIessitr. Tetzite.. Bitelluret of Silver. — Occurs in 
the Savodinskoi mine in tho A^tui, at Nagyag in Transylvania, and at Itct/.hanya in 
Hungary, in coarse-grained masses and granular, with metallic lustre, lead-grey or 
steel-grey colour, and slightly malleable. Hardness = 2 to 3'5. Specific gravity ~ 
8*3 to 8*9. Before the blowpipe on charcoal, it melts to a black globule, which on 
cooling, after being subjected to the action of the reducing flame, exhibits points or 
dendrites of silver on its surface. . T I rated in a tube, it molts, and colours the glass 
yellow. Fused with carbonate of sodium, it yields a globule of pure silver. 

Analyse# : — a , b, From the Savodinskoi mine (G. Hose, Pogg. Ann. xviii. 64). — 
c. From Nagyag (Petz, Und. lvii. 470).— d, c. From Rotzlmiiya (Raramel sborg, 
M i n er a I ch cm ie, p. 15); ^.massive ; c. granular with green coating; after deduction uf 
15*25 per cent, insoluble matter: 
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The formula Ag 2 Te requires 37*27 per cent, tellurium, and 62- 73 silver. 

Tellurlde*, Organic. See Amyl, Ethyl, Methyl, Teij.urides op (i. 206; 
ii. 560; iii. 992). 

The alcoholic tellurides obtained by Wohler have the composition R*Te. — Cahours 
has lately show?! ^Compt. rend. lx. 20, 1147 ; Jahresb. 1865. p. 447), that telluride of 
methyl unites directly with iodideof methyl, forming a crystalline compound, (CH*}*TeI f 
sparingly soluble in water, easily soluble in alcohol. This iodide, treated with oxide of 
silver, yields an alkaline product, which, when neutralised with hydrochloric acid, forms 
with platinic chloride, an orange-coloured double suit, 2(CIP)*TeCl.Pt i *CF. 

Telluride of ethyl unites in like manner with iodide of ethyl, forming the. compound 
(C*H*)*TeI; and corresponding compounds are formed by the sulphides and selenide* 
of ethyl and methyl with the iodides of those radicles. 

TBLXiVXtlTIS. See Tellurium, Oxides and Oxygen-acids of. 


TEtUJBlUM. 

\ 

TBUVXXUKi Symbol, Te. Atomic Weight, 128. l r apo ur-den-stty, obi. ait 
1390° «■ 9 00; calc. (1 vol.) ~ 8*86. 

This element, though decidedly metallic, must be classed as a member of the 
sulphur family, as it approximates very closely in its chemical characters to sulphur, 
and still more to selenium. It was first identified as a distinct metal by Klaproth, 
in 1798, who gave it the name “tellurium,” from telius, the mythological name of the 

cart h. 

Tellurium is one of the rarer elements, being found in a few localities only, chiefly 
in Hungary and Transylvania, in the silver mine of Savodinskoi in the Altai, and 
in the State of Virginia. It occurs native in a state of considerable purity: a 
specimen from Nagvag was found by Petz to contain 97*2*2 per cent, tellurium and 
2'7H gold ; and Klaproth found in a specimen from the Maria Loretto mine, near 
Zulathna in Hungary, 92*53 tellurium, 0 25 gold, and 7*20 iron. Tlio principal 
ores of tellurium are the telLurides of bismut h, letul, gold, and silver, already described 
t i v. 1 ; v. 707, 708). 

Preparation. — Tellurium is separated from its ores by processes analogous to those 
• which yield seleniu n (p. 221). — 1. Native telluride of bismuth, freed as far as 
puss’ hie from its matrix, ami made into a paste with pearl nsli and oil, is gradually 
raised in a covered crucible to a full white heat; and the fust d nuiss when cold is 
treated with boiling water, which extracts telluride of potassium, forming a portwiuo* 
rolourod solution, from which the tellurium is deposited in metallic scales, by* passing 
a current of air through it, or by mere exposure to the air.— 2. Finely pulverised 
foliated tellurium, or nagvagite (iv. 1\ freed from sulphides of had and antimony by 
repeated boiling with hydrochloric acid, and washing with water, is heated with 
strong nitric acid, whereby tillurous acid is obtained in solution. This is evaporated 
to dryness, :md thn residue, after solution in hydrochloric acid, is reduced by a 
current of sulphurous acid gas. For further details, see iihttl'rns Jlatafhonk, iv. 393. 

J'rt’pcrtiesi.— Tellurium is a tin-white, shining, brittle metal, having a great tendency 
to crystallise. The crystals belong to the hexagonal system. Native tellurium occurs 
in rliymbiihcdral crystals, isomorphnus with those of antimony, arsenic, and bismuth, and 
< \hihiting the faces It, with those of derived rhombohedrous ; also oK and celt, 
length of principal axis, for It — 13*298; angle It: II in the terminal edges =. 86° 
o 7'. The opposite rhom holm Irons +11 and — K likewise occur together, forming a 
hi xugnmil pyramid (in eombinut ion with ocP and oF), in which the angle I* ; 1* itt 
the terminal edges *= 130° 2S'; in the lateral edges *= II3'.V2\ ( Ucuvage perfect 

] avail* 1 to xH; in traces parallel to oR. According to H. It one, tellurium sena- 
l’ales from a solution of potass ium-telluride, by spontaneous decomposition, in six-sided 
prisms with rhombohedral summits. 

Tellurium conducts heat and electricity, though not very readily. Tt.s specific gravity 
is (>1 to 0-33 ; hardness of the native metal ^ 2 to 2*5. It melts at about 500' , 
volatilises at a higher temperature, and condenses in crystalline needles, or in drops. 
It may be purified by distillation in a current of hydrogen. Its vajsmr-density, as 
determined by Devil In and T roost (.laliresb. 18*03, p. 17). is 9*0(1 at. 1390 v , und 
9*08 at. 1439°. The vapour lias a giotuiish-y ollow colour, liki* that of chluriue-gas. 

Tellurium, when strongly heated in the s:ir, tukes lire, burns with a lively hluo 
Ibtuie edges! with green, producing white fumes of o llurous ncid, and emitting a pccu- 
liar odour, often partly due to the presence of traces of selenium. (Jtespcci ing the 
spectrum of its flame, sec J. Wert lie r, .1. pr. (Mieni. Ixxxviii. 180; Jahresb, 1803, 
p- 235). — Tellurium, liko sulphur and selenium, dissolves to a slight, extent ill cold 
strong sulphuric acid, and is precipitated unchanged on dilution with water ; hut 
when heated with strong sulphuric acid, it is oxidised and dissolved as tellurous oxide, 
while sulphurous anhydride is evolved aw gas. — I>y strong nitric art//, it is quickly 
converted into tellurous acid. — Hydrochloric acid has no action upon it.; but with 
n it rointtriertiv acid, it yields tellurous mixed with telluric acid. — By fusion with Baft” 
prtre, it yields tcllurate of potassium. — Strong pottt&h-b y dissolves tellurium at the 
boiling heat, forming a ml liquiTi containing telluride and tellurite of potassium. On 
cooling, r»r on dilution with waiter, however, the ml colour disappears, and t'dlurium is 
separated, in consequence of the reducing action exerted by the potassium on the 
tellurous acid : 

2K*Te + K*TcO* « 3K*0 + To* 

Tellurium, fused with carbonate of pidaseium, likewise yields a mixture of tellundn 
ami tellurite. , 

Tellurium, in its chemical relations, hears n very close analogy to sulphur and sele- 
nium. It formstwo oxides — namely, tellurous oxide, T«0*. and te.llnrtc oxide, 
TvO 1 — which, in combination with water and wifh metallic bases, yield « cuts and salts 
analogous to those formed by the corresponding oxides of sulphur and selenium.—* 
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With hydrogen, it forma a gaseous compound, B/Te, analogous to sulphydxic and 
solenhydric acids. It unites also with the alcohol-radicles, methyl, ethyl, and amyl 
forming compounds represented by the general formula K*Te, which are diatomic 
radicles, analogous to the selenides of the alcohol-radicles. — With chlorine it forma a 
tetrachloride, 'TeCl 4 ; analogous to SeCl 4 , and a dichloride, TeCl 2 , to which there 
does not appear to be any definite analogue among the sulphur- and selenium-com- 
pounds (pp. 223, 533) ; and similar compounds with bromine and iodine . The inorganic 
compounds of tellurium have been studied chiefiy by Berzelius ; the organic compounds 
by Wohler. 

TMX.tr RZVM, AUOTS OX*. See Teli-ubides (p. 707). 

TBMVMrcmc, BBOMZD8S OF. The dibromide, TpBr* is produced by 
distilling the tetrabromide with finely pulverised tellurium, and passes over as a 
violet vapour, which condenses to slender, black, needle-shaped crystals. It melts 
easily, and is decomposed by water with formation of tellurous acid. (Berzelius.) 

T n* tetrabromide, TeBr 4 , may be prepared by adding finely divided tellurium, 
with frequent agitation, to bromine contained in a tube cooled with ice, and distilling 
off the excess of bromine after all the tellurium is dissolved (Berzelius). According 
to v. Hauer (J. pr. Chem. Ixxiii. 98), it is more easily prepared by covering small 
pieces of tellurium with hydro bromic acid in a flask, then adding bromine, and leaving 
the flask closed till all the bromine has disappeared, the action being assisted by 
shaking the flask from time to time. The ruby-coloured solution tlius obtained yields 
the dry compound by evaporation over the water-bath. 

Tetrabromide of tellurium forms a compact red-yellow mass, which molts at a gentle 
heat to a dark-red transparent liquid, and solidifies in the crystalline form on cooling. 
It may be sublimed without decomposition in palo-yellow needles. It dissolves without 
alteration in a small quantity of water, forming a yellow solution, which becomes 
colourless on dilution, the tetrabromide being thereby resolved into liydrobroinic and 
tellurous acids. The yellow solution evaporated over tho water-bath deposits the 
hydrated tetrabromide in ruby-coloured crystals. 

Tetrabromide of tellurium forms cinnabar-red compounds with the bromides of tho 
alkali-metals. — Tho potassium-salt, 2KBr.TeBr 4 .3H a O, was first obtained by Berzelius, 
by evaporating a mixed solution of the component salts. According to v. Hauer, it is 
better prepared by mixing 1 at. finely pulverised tellurium with 2 at. bromide of 
potassium in a flask, and adding water till the bromide is completely dissolved ; then 
adding bromine by small portions, with frequent agitation, and leaving the flask 
closed till all the bromine has disappeared. On warming the resulting dark-rod solu- 
tion, to expel tho excess of bromine, decanting it from a yellowish deposit which 
forms, and leaving it to cool, the double salt separates in dark-red, opaque, shining 
crystals, which effloresce superficially in dry air. It is slightly soluble in cold, easily 
in hot water. When heated, it gives off its water of crystallisation without melting. 
The anhydrous salt, which is orange-yellow, decomposes at a higher temperature, 
giving off tetrabromide of tellurium. 

TEMUHXITMt CBX.ORZDX8 OF. The dichloride, TeCl* is formed by 
distilling a mixture of equal parts of finely divided tellurium and the tetrachloride 
(Berzefius), or by passing chlorine slowly over strongly heated tellurium or native 
telluride of silver. It may be freed from admixed tetrachloride by fractional distilla- 
tion (H. Hose). It is a black amorphous mass, having an earthy fracture; melts 
easily to a black liquid, and is much more volatile than the tetrachloride. Its vapour 
is purple when mixed with air ; yellow when pure. When exposed to tho air, it 
absorbs moisture, but does not fume. When mixed with water, it becomes milky 
from formation of tellurous acid. Hydrochloric acid decomposes it, separating half 
the tellurium in the metallic state, and dissolving the other half as tellurous acid. The 
dichloride may be fused in all proportions with metallic tellurium, or with the tetra- 
chloride. 

Tetrachloride of Tellurium, TeCl 4 , is obtained by gently beating tellurium in a 
Stream of chlorine-gas, till a dark-yellow liquid is produced. This liquid turns yellow 
on cooling, and crystallises to a white mass at the moment of solidification. The 
tetrachloride melts easily to a yellow liquid, turning red near its boiling-point : it is 
not vBry volatile, but forms a dark-yellow vapour when strongly heated. It is very 
deliquescent, and is decomposed by cold water, with separation of a basic salt and 
tellurous acid. Boiling water dissolves it, the solution on cooling depositing crystals 
pf tellurous acid. Dilute hydrochloric acid dissolves it without alteration. 

By mixing a solution of the tetrachloride with chloride of ammonium or chloride of 
potassium, double salts are formed, which crystallise in lemon-yellow octahedrons. — A 
compound of the tetrachloride with chloride of aluminium , 2AlCl*.TeCl 4 , is obtained, 
according to B. Weber (J. pr. Chem. lxxvi. 313)T, by melting the two chlorides to- 
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g other, and expelling any excess of alumini urn-chloride that irtay bepresent by gentle 
heating. This double chloride is a yellowish-white, easily fusible mass, very soluble 
in dilute sulphuric acid. When heated nearly to its boiling-point, which is very high, 
it is partially decomposed, leaving a residue richer in telluriuifl. 

Tetrachloride of tellurium quietly absorbs ammonia-gas at ordinary temperatures, 
swelling up, and changing to a greenish-yellow mass of the compound 4NH*.TeCl 4 . 
This compound is permanent in the air, but is decomposed by water into tellnrous 
acid and sal-ammoniac. When heated, it gives off sal-ammoniac, hydrochloric acid, and 
nitrogen-gas, while tellurium is separated. (EspSnschied, J, pr. Chem. 

480 .) 

TXL1USXITM, DETECTION AND ESTIMATION OX*. 1. Blowpipe 

reactions .— All compounds of tellurium are easily reduced on charcoal in the inner 
flame, the reduced mcta.1 being volatilised, and forming a white deposit of tcllurous 
oxide on the charcoal. With borax and microcosmic salt, tellurous oxide gives a clear 
colourless bead, which, when heated on charcoal, is rendered grey and opaque by the 
reduced metal. The oxides of bismuth «nd antimony, when reduced on charcoal 
in the inner flame, also givo white incrustations, which may bo confounded with tellu- 
rous oxide. Antimonious oxide, however, when heatod in the inner flame, gives a 
bluish tinge, whereas tellurous oxide imparts a flue greon colour to the outer flame. 
Moreover tellurous oxide, when heated in a tube open at both ends, volatilises entirely, 
forming, on the cool part of the tube, a white sublimate, which, by careful heating, may 
bo fused to colourless drops, Antimonious oxide, on the other hand, is only partially 
volatilised, being partly converted into the uon-volatilo oxide, SbO a ; the sublimate 
limy bo driven from one part of the tube to another by bent, but docs not fuse into 
drops. Hismuth-oxido similarly treated gives scarcely any sublimate, but melts to a 
dark-brown liquid, which becomes pale-yellow on cooling, and corrtxlos the glass, 
l'rom selen i uin, which it resembles more closely than any other element, tellurium 
is distinguished by the odours omitted when the compounds of the two elements am 
heated on charcoal Indore the blowpipe, pure tellurium emitting only a slightly acid 
odour, whereas selenium emits a powerful odour of decayed horse- radish : traces .of 
selenium existing in telhirium-compouuds arc easily detected in this manner (p. 
21M). 

2. Ileactions in Solution . — All nativo tellurium-compounds are insoluble in 
water, but soluble in nitric acid. Among the artificially prepared compounds, the 
tellurites of the alkali-metals, and also the tclluratcs (in tho hydrated slide) are easily 
soluble in water; the tellurites and tollurates of the other metals arc insoluble or spar- 
ingly soluble in water, but for the most part soluble in hydrochloric acid. Tho tollu- 
ride# of the alkali -metals are also soluble in water, and their solutions, when exposed 
to tho air, decompose quickly, with separation of metallic tellurium. Tellurous 
acid (hydmtod tcllurous oxide) dissolves easily in acids ; tho solution in nilric acid 
gradually deposits an hydrous tell uric oxide. In solutions not containing too great an ex- 
cess of acid, especially in tho hydrochloric acid solution, water throws down a precipitate 
of tellurous acid. The hydrochloric acid solution of tellurous oxide is yellow. Telluric 
acid is distinguished from tellurous acid by its greater solubility in water. Tho salts 
of the two acids are- distinguished from one another by the fact that the tell urates, when 
heated with hydrochloric acid, give off chlorine, which is not the case with the tellu- 
rite*. Moreover, the solutions of tcllurates in hydrochloric acid are colourless, and are 
not precipitated by water like those of the tellurites, even when there is but little free 
hydrochloric acid present. 

SuJphf/clrir acid produces immediately, in acid solutions of tellurous oxide, a brown 
precipitate of tellurium-sulphide, easily soluble in sulphide of ammonium ; in acid solu- 
tions of telluric oxide, tho same precipitate is formed after the liquid has stood for 
some time in a closed vessel, and irf a warm place. Tho colour of this precipitate dis- 
tinguishes it from all other metallic sulphides which are soluble m sulphide of 
ammonium (that of selenium is reddish-yellow) except stannous sulphide ; but solutions 
of stannous salts are easily distinguished from those of tellurium -salts by their re- 
action with chloride of gold, tellurium-solutions not forming with this reagent anj 
precipitate resembling the purple of Cassius ; moreover, solutions of tellurous oxide 
yield, with ammonia and alkaline carbonates, a white precipitate easily soluble in 
excess of the alkaline reagent, whereas the precipitates formed in like manner with 
stannous salts arc insoluble in excess. Solutions of telluric oxide give no precipitate 
'with alkalis. 

Sulphurous acid and alkaline sulphites produce, in acid solutions of tcllurous or telluric 
oxides, after some time in the cold, or immediately on heating, a black precipitate of 
metallic tellurium A similar precipitate is formed by solution of stannous chloride andby 
metallic rise. The precipitate of selenium formed l>y the same reagents in a solution 
of selenious acid is red. The precipitated tellurium may also be distinguished from 
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selenium by its with solution of potatsium-eyanide, which disaolyog seleniain 

but not telluriuf6*; fbsfcher by its behaviour before the blowpipe (p. 711) ; and lastly 
bv dissolving thejprftcjjpitate in nitric acid, nitromnriatic acid, or a mixture of hydro! 
chloric acid and po^gysfum -chlorate, neutralising the solution, after complete oxidation 
with carbonate of sodium, evaporating to dryriess, fusing the residue at a moderate 
heat with nitre, dissolving the product in water, acidulating with nitric acid, and 
adding chloride of barium. Selenate of barium is then precipitated, whereas tellurate 
of barium remain^ in solution. 

8. Estimation and Separation . — Tellurium is mostly estimated in the metallic 
state. If it is present in solution in the form of tellurous acid, as is always the case 
when tellurium-ores are treated with nitric acid, it is best precipitated bv sulphurous 
acid or an alkaline sulphite. The tellurium thereby separated is collected on a 
weighed filter, carefully dried at a gentle heat, and weighed. If the tellurous acid is 
combined with buses in such proportion that the solution does not exhibit an acid 
reaction, it must be mixed with Hydrochloric acid in sufficient quantity to redissolve 
the precipitate of tellurous acid formed at first. It is best also to concentrate the 
liquid as much as possible before adding the reducing agent, as the tellurium is then 
separated more quickly and completely than from a more dilute solution. The solu- 
tion thus prepared is to be heated in a flask, but not to the boiling-point, and the 
solution of alkaline sulphite gradually added : the tellurium is then precipitated ns a 
black bulky powder. Nitric acid, if present, may vitiate the result by reoxidising part 
of the reduced tellurium : it should therefore bo previously removed by warming the 
liquid with hydrochloric acid. If the tellurium is present as telluric acid, the latter 
must first be reduced to tellurous acid by heating the solution with hydrochloric acid 
us long as chlorine continues to escape. 

The method of reduction by sulphurous acid or alkaline sulphites, serves to separate 
tellurium from tho tellurites and telluratos of the alkali-metals, and of other metals 
which are not precipitated by sulphydric acid. If the quantity of alkali-metal is 
to be likewise estimated, the reduction must of course be effected by sulphite of am- 
monium or free sulphurous acid ; in the latter case, the solution must bo digested for 
some days with excess of aqueous sulphurous acid, in a clost-d vessel placod in a warm 
situation. The separation of tellurium from the tellurites and tellurates of these 
metals may also be effected by precipitation with sulphydric acid . As the precipitated 
tellurium-sulphide is generally mixed with free sulphur, it must be digested, while still 
moist, with nitromuriatic acid, or better, with Hydrochloric acid and potassium- 
chlorate, and the tellurium prccipitatod from the filtered solution by an alkaline 
sulphite, as above. Telluric acid must first be reduced to tellurous acid by heating 
with hydrochloric acid. 

From the tellurites and tellurates of metals which are precipitated by sulphydric 
acid, pud form sulphides insoluble in sulphide of ammonium, tellurium may be sepa- 
rated by supersaturating the solution with ammonia, and digesting it at a very gentle heat 
with excess of ammonium -sulphide. The sulphide of tellurium then remains dissolved, 
and may be precipitated from the filtered solution by acetic or very dilute hydrochloric 
acid, oxidised, as above with nitromuriatic acid, &c., and the tellurium precipitated by 
an alkaline sulphite, Tho same method may be used for separating tellurium from 
iron, cobalt, nickel, zinc, and manganese. It is, however, not so advantageous in any 
pase as the precipitation with alkaline sulphites, because it is difficult to ensure the 
complete solution of tho tellurium -sulphide in sulphide of ammonium. 

From all metals which form non-volatile chlorides, tellurium may be separated by 
igniting the compound in a stream of chlorine , whereby it is volatilised as dichloride 
or tetrachloride, according to the rapidity of the stream of gas. The volatilised 
chloride is passed into water acidulated with hydrochloric acid, in which the tetra- 
chloride’ of tellurium dissolves completely, the di chloride with separation of tellurium. 
The tellurium is then reduced from the solution by an alkaline Sulphite. 

Another method of separation, applicable in most cases, is to fuse the compound 
with 3 pts. dry sodium-carbonat© and 3 pts. sulphur in a covered crucible, and digest 
the mass when cold with water. The metals combined with the tellurium then 
remain as insoluble sulphides, while the tellurium dissolves as sulphotellurite of 
sodium. From this solution the tellurium-sulphide may be precipitated by a dilute 
acid, and treated as above for the determination of the tellurium. 

From antimony, arsenic, and tin, tellurium may be separated by precipitation 
with alkaline sulphites. 

From selenium and sulphur it is separated by fusion with potassium-cyanide, in 
$he manner already described under Selenium (p. 225). 

4. Atomic Weight of Tellurium . — Berzelius (Pogg. Ann. xxviii. 392) deter- 
mine*) the atoupe weight- of tellurium by ascertaining the increase of weight of the 
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' ' ' 

metal when converted into tellurous oxide by oxidation with*&tei& w acid. In three 
experiments, *Ty " 

1*2725 grots. 1*5715 gnus. 2 88t2llgbM, tellurium 
yielded 1*5895 „ 1*9366 „ 3*0000 TeO*: 

whence To « 128*41 128*29 128 27, 

or, as a mean result, 128*34. Berzelius, however, gives the preference to the second 
and third experiments, whidh give Te * 128. 

V on H au er (Wien. Aknd. Ber. xxv. 1 35), by precipitating bromide of tellurium and 
potassium, 2KBr.TeBr* with nitrate of silver, obtained, as a moan of Are closely agree* 
ing experiments, 69*924 per cent, bromine; whence (if Ag,— 108*1, Br » 80, 
K * 39*2), the atomic weight of tellurium is found to be 128*06, 

Dumas (Ann. Ch. Pharm. exiii. 30), from experiments not yet published in detail, 
concludes that Te = 129. 

TSXLintnrM, riVOgZDI OV, To 4 . — Produced by dissolving tollurous 
oxide in hydrofluoric acid. The solution ovaporatod over the water-bath leaves a 
colourless syrup, which on cooling deposits milk-white nodule*, probably an oxy- 
fluoride. 

TELII711XVM, IODIDES 07. The di-iodide, Tel* is produced by gently 
heating tellurium with iodine. The excess of iixlino then volatilises, leaving the com- 
pound in shining black crystalline flocks. It is easily fusible, ami gives off iodine 
when strongly heated. Water hais no action upon it.. (Berzelius.) 

The tet ro -iod id e % Tel 4 , obtained by digesting finely pulverised tollurous oxide 
with hydriodic acid, forms soft black granules, which stain the fingers. It is very 
unstable, and molts, with evolution of iodine, when heated. With boiling water ft 
forms n dark-brown solution, while a grey-brown oxy iodide remains umlissolred. The 
t. tra-kxlide dissolves in hydriodic acid, and the solution, when eruporalcd, deposits 
colourless metallic-shining prisms, probably a compound of the totru-iodido with hydri- 
odic acid. 

By saturating the solution of the tetra-iodide in hydriodic acid' with an alkali, 
double iodides nro obtained, which soparate, by spontaneous evaporation, in iron-grey 
metallically lustrous crystals. 

The hexiodide , Tel - , is perhaps contained in the brown soluLion of telluric oxide 
in hydriodic acid. 

TELLVBX9M, OXXDB8 AND OXTOBN-ACIDS or. Tellurium forma 
two oxides, TeO* and TeO\ w*hich unite with bases forming salts analogous to the 
sulphites and sulphates. 

Tellurous Oxtdo or AnHydrlde, TeO.— This oxide is produced when tellurium 
burns in tho air. It may alwo bo obtained by exposing tho corresponding hydrate 
(tellurous acid) to a gentle heat, and separates from tho aqueous solution of the hydrate 
when heated, to 40 r '. The same change takes plitce spontaneously, though more rapidly 
on the application of heat, in the nitric acid solution of tellurous add: iu this peso 
tho deposit of tellurous oxide is moch more abundant., and, if slowly produced, is 
distinctly crystalline, showing here and there well-defined octahedrons. Tho tnino- 
rul called tellurito or telluric ochre, occurring «t Faeelmy, near Zalathna in 
Transylvania, in small greyish-yellow sphorulos, imbedded in quartz together with 
tellurium, exhibits, according to Petz (Pogg. Ann. lvii. 478), the reaction of tollu- 
rous oxide before the blowpipe. 

Tellurous oxide is slightly soluble in water, but has no action upon litmus. It is 
fusible and volatile. The fused oxide is a transparent deep yellow liquid, which solidifio* 
on cooling to a white highly crystalline mass. When fused with alkaline hydrates or 
cirbonates, it forms tellurites. 

T elijUbods Hydbatk or Tellurous Acit>, TPTrO* « IPO.ToO*. — This 
acid is best obtained by decomposing tetrachloride of tellurium with water: 

ToCl 4 4 3H*0 - 4HC1 4 IPTeO*. 

It may be prepared from tellurite of potassinm or sodium, by adding nitric acid till 
a distinct acid reaction is producod ; also by dissolving tellurium in dilute nitric acid 
of specific gravity 1*25, and pouring the solution, after the lapse of not more than a 
few minutes, into a u excess of water. If the precipitation be delayed for a longer 
time, the anhydrous oxide is thrown down insteaa of the hy irate. 

Tellurous acid, prepared by either of these processes, is a somewhat bulky precipi- 
tate, which, when dried over oil of vitriol, forms a light white earthy powder, having 
a bitter metallic taste. It is slightly soluble in water, especially when recently pro* 
ci pitatod. It dissolves both in acids'and in alkalis. 

The solutions of tellurous hydrate in acids are all stable, with the exception of the 
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Bitrio acid wlution; which, as already observed, deposits telluric oxide ti > 

y ,0M definite salts on evaporation, excepting the phosphoric B<rt > 

which deposits a white-powder, and the oxal c acid softtion Boh,ioa > 

The solution of tellurous hydrate in hydrochloric acid it decomnoooH 

- very strongly acid, depositing tellurous hydrate.— Jlkalis and “Sf. ,f ** 

tm ru ^«vr ,plta r of tedurou * hydrate, soluble in excess of the ^IfalitT f** ^ 
—CAlonde of barmm forms a white precipitate, insoluble in ammon?J-Th? , /'T at - 
with tulphudnc acid, sulphide of ammonium, sulphurous acid alkaline f??, 1 ?”* 

»- aiikSMft! 

J^sz^sszss^. ress s\r“ — « * 

Neutral Tellurites, M 2 Te0 3 = M a O.TeO* 

Acid „ MHTeO*, or M 2 O.H 3 6.2TeO*. 

* Hyperacid „ ’^TeO*}’ or *P0.3IP0.4Te0*. 

Thcrearealso ditell ™tes of alkali-metal, such as K’O.ilTeO 1 , or K*TcOV 

MV4 n T 0 0« lra w^ l ‘1f C8 J <epr “™? ^ <* e ^A^O™eOr^oTTeO™°aS 

M 3,!r •~ Wll , h the heavy metals it appears to form only neutral salts ' “ 

tel- yo'low. and do no, .give off chlorine when he ^“^ter by 
which the tellurites are distinguished from the telluratea. If the ouamiiv nf 

i? r rery gwat ’ 

di 8 ^:::wT l ir^^r n ix?™,.r. nd powsh ' jieM te,iurit ° ° f 

Tellurite of Aluminium is a white flocculent precipitate, 

ais;KSSf:sfFrr" j 

Fr*Xo!@g^^ 

ssst“ »^B a!iS5iria&S«.T553 

■ nitnc P a^nd\irs^s tuT * tb6 w “^ dd “* 

mass/haviim ^^"Mdal^roctUTC.'^^'dUsolves'^'^vd^.h? 1 ^ ^ j 8 . u P to a brittle 
Ammonia added to these solutions, throws down iLtoi am Tt '? ? ,tr “ " ,d : 

sulphide of ammonium produce in 11 ^ 1 ? i j sulphydnc acid and 

photellurite. (Oppenh^mT a brown-red precipitate ofcadmium-6.il- 


rats. 

melts only at awhtte heat, and solidifies on cooling to ^^ue 
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of micaceous scale*. — The tstraU&urite, Ca"0.4Te0 # • C*”TeO*.3TeO a , fines more 
easily, giving off fumes of tellutou* oxide, and likewise solidifies in micaceous scales. 
(Berzelius.) 

Tellurite of Chromium is a grey-green precipitate, soluble in excess of the 
chromic salt. 

Tel turi te of Cohalt is a dark-purple precipitate. :* 

Tellurite of Copper, obtained by precipitation, is a siskin-green powder, inso- 
luble in water; when heated, it gives off water and turns black, melts easily, and 
solidifies to a black mass, having a conchoidal fracture, and yielding a grey-brown 
powder. Before the blowpipe, it is reduced to a pale-red mass of copper-tcUuride. It 
may be fused with 1 at. cupric oxide, to a black mass having an earthy fracture. 
(Berselius.) 

Tellurites of Iron, — Tho ferric salt is a yellow flocculent precipitate. — The 
ferrous salt is greyish-yellow. 

Tellurites of Lead. — Tho neutral salty Pb'TcO 4 , obtained by double decom- 
position with neutral acetate of lead, is a white precipitate, which when heated gives 
off water, turns yellow, and then melts to a translucent mass. It dissolves readily in 
acids, and is easily reduced before the blowpipe on charcoal to telluride of lewl.™ A 
basic lead-salt is produced, as a translucent bulky precipitate, on mixing tellurite of 
potassium with basic acetate of lead. 

Tellurites of Lithium. — The neutral salt, Li^oO 3 ■■ LPO.ToO 1 , obtained by 
fusion, solidities to a crystalline or tumefied mass, according to the ralo of cooling. — 
The dit<HuriU\ I.i / 0.2Tt‘O f , prepared like the corresponding potassium -salt, is easily 
fusible, and solidifies to a crystalline mass on cooling. Cold water decomposes it 
into mono- and tetra- tellurite. Boiling water dissolves it, and tho solution on cooling 
deposits the tetrat<lluritc , L^CMTeO 1 , in milk white granules. (Berzelius.) 

Te 1 1 n r it es of M ag ties i u m. — The neutral salt , Mg’TeO*, obtained by precipitation, 
is much more solublo than the other alkaline -earthy tellfirites. Its solution is decom- 
posed hy atmospheric carbonic acid into carbonate and tetratellurite of mugnesium, 
which separates in white flocks. (Berzelius.) 

Tellurite of Manganese is precipitated in white flocks having a reddish tinge. 

Tellurites of Mercury. — Tho mercuric salt is awhile procipitate. — Tho mer- 
curous salt is dark-yellow, gradually turning brown, and is convert od into mercuric 
halt on exposure to the air. 

Tellurite of Nickel is a palo-grecn flocculent precipitate. 

Tellurites of Potassium. — The neutral or monotellurite, K^TeO* — K 3 0.Te0 2 , 
and tho ditellurite , K^TcO’.TeO* = K 2 0.2Te0*, are obtained by fusing tollurous 
oxide with carbonate of potassium in the requisite proportions. The monotellurite 
melts at a ml heat, and solidifies on cooling to a network of rathor large regulur 
crystals. It is slowly dissolved by cold, more quickly by boiling water; the solution 
has an alkaline taste and reaction, and is decomposed by the carbonic acid of 
the air. 

Tho ditcllurite melts, somewhat below a red heat, to yellow liquid, which solidifies 
on cooling to a colourless, transparent, crystalline mass. Boiling water dissolves it 
completely, and tho solution on cooling deposits the tetratellurite as a granular 
precipitate. 

The tetratellurite , or hyperacid tellurite of potassium, K 2 0.4Te0*.4H*0 ■* 2(KJIT©0 , . 
ir*TeO*).H*0, is prepared by boiling tollurous acid for some time with carbonate of 
potassium, and filtering at the boiling heat. The solution, on cooling, deposits the 
greater part of the SAlt in nacreous grains, which appear under the microscope as six- 
sided prisms and tables. It is decomposed by cold water into mono- and di -tellurite, 
which dissolve, and telhiroua acid, which separates as a gelatinous precipitate. The 
dry salt when heated gives off its water with strong intumescence, leaving the 
anhydrous salt, K*0.4Te0 2 , which melts at commencing redness, and solidifies to a 
colourless glass on cooling. (Berzelius.) 

Tellurite of Silver , Ag*TeO f , is a white precipitate, soluble in ammonia (Ber- 
tel i u s). When native telluride of silver is dissolved in nitric acid, the solution deposits, 
after a while, small, adamantine, acuminated, quadratic prisms, insoluble in water, and 
containing more than 1 at. TeO 2 to 1 at. Ag a O. (Gk Rose.) 

Tellurites of Sodium. — The neutral salt, Nft*TeO***Na 2 O.TeO* f obtained like tho 
corresponding potassium-salt, forms regular crystals when slowly cooled, but swells up 
considerably on rapid cooling. It dissolves slowly but completely in cold water, more 
quickly in not water, -but does not crystallise out on cooling. Alcohol throws down 
from the solution a concentrated liquid, which, after a few days, yields lame trans- 
parent crystals of a hydrated salt, — The ditcUurite, NaTeCF.TeO* » NiW.iHeO 1 , 
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obtained by fusion, like the correl^onding potassium-salt, melts easily, and ciys 
tallises on JOoling. It is decomposed by water, like the potassium-salt.— The tetrq 
tellurite or hyperacid salt, Na*0.4Te0 3 .*5JI 2 0, or NaHTe0*.H*’Te0*.H 8 0, separates from 
the boiling solution of the preceding salt, by slow cooling, in nacreous scales and thin 
six-sided tables ; in other respects it resembles the hyperacid potassium-salt. 
JfBerzelius.)* 

Tellurite of Strontium (neutral) is prepared like the barium-salt, which it 
resembles. ' 

The Tellurites of Thor inum, Ytir i u m, and Zirconiu m are white precipitates. 
Tellurite of Uranium , obtained by precipitation with a uranic salt, is a palo 
lemon-yellow powder. 

Tellurite of Zinc is a white tlocculent precipitate. 

Telluric Oxide, TeO*. - This oxide is obtained by heating the hydrate to a 
temperature below redness. It forms an orange-yellow mass, insoluble in water, 
either hot or cold, in cold hydrochloric and hot nitric acid, and in solutions of caustic 
alkali. When strongly heated, it gives off oxygen, and leaves tellurous oxide aa a 
■white earthy powder. 

Telluric Acid, H*Te0 4 II O.TeO 3 . — The potassium-salt of this acid is 

obtained by fusing tellurium or tellur ous oxide with nitrate of potassium. The 
solution of this salt decomposed by a salt of barium, yields a precipitate of barium- 
tellurate, from which, by decomposition witli sulphuric acid, telluric acid may be set 
free. 

Telluric acid crystallises from its solution, in fino hexagonal hydrated prisms, 
containing II*TeOV2H v O, mostly forming twins. This hydrate lias a metallic rather 
than an acid taste, and redelens litmus slightly. It dissolves slowly, but to a con- 
siderable amount in cold water, freely in boiling water. It. loses its water of crystal- 
lisation at a little above 100°. The remaining acid, H-TeO 1 , is nearly insoluble in 
cold water, but dissolves on boiling, forming a solution from which tho crystalline 
hydrate may be again obtained. 

Tkll urates. — Telluric acid forms with the alkali-metals, neutral, acid, and 
hyperacid salts, represented by tho formula-, JVI'IVO 1 , MHTeO 4 , and MHTeOMl-T»*l)\ 
respectively; also anhydrous di« and tetra-tellurites. With the other metals it forms 
chiefly neutral salts. The neutral and acid tel lu rates of alkali-motal are easily 
soluble in water, the anhydrous di- arid tetra- tellurites sparingly soluble.’ Most of 
the other tellurates arc insoluble or sparingly soluble, and are obtained, by pre- 
cipitation. 

Most tellurates dissolve readily in cold hydrochloric acid. The solutions are not 
yellow, like those of the tellurites, and wilL bear any amount of dilution without pre- 
cipitation. On boiling they give off chlorine, turn yellow, and become precipitablo Jjv 
water, owing to tho formation of tellurous acid. Tho acidulated solutions’ of 
telluriltes and telluric acid are decomposed, like those of the tellurites, but not very 
readily, by snlphydric aciU, with precipitation of a sulphide; and by sulphurous acid 
and other rod ucing agents, with precipitation of tellurium, though somewhat slowly, 
and frequently only on the application of heat. Hence, in analysing tellurates by 
reduction, they should always be previously reduced to tellurites by boiling with 
hydrochloric acid. Tellurates when heated to redness give off oxygen, and are reduced 
to tellurites. Heated with charcoal and alkaline carbonate, or before the blowpipe on 
platinum, they behave like tellurites. 

Tellur ate of Aluminium is obtained by double decomposition as a white pre- 
cipitate, soluble in excess of the aluminium-salt. 

Tellurates of Ammonium. — The neutral salt , (NH 4 ) 3 Te0 4 , is prepared by 
mixing a boiling solution of the neutral potassium-salt with sal-ammoniac and a little 
ammonia, and separates on cooling in granular crystals, easily soluble in water, spar- 
ingly soluble in solution of ammonia or sal-ammoniac. — The ditellurite , (NH*)*TeOt 
TeO* mn (NH 4 )*0.2Te0 4 , is precipitated, on mixing a saturated solution of the acid 
sodium-salt with sal-ammoniac, as a gelatinous mass, only slightly soluble in water. 
When boilod with water in open vessels, it gives off ammonia; bnt when heated with 
water in sealed tubes, it partly melts to a white mass, which solidifies on cooling, and 
partly dissolves in the water, the solution on cooling depositing fine crystalline grains 
[? of the acid salt]. — The tetratelluritc, (NH 4 ) a TeO*.3TeO a «= (NH 4 ) 2 0.4Te0*, is ob- 
tained, by decomposing tho hyperacid sodium-salt with sal-ammoniac, as a white 
fioeeulent precipitate ; it likewise separates from the solution of the neutral salt by 
evaporation at ordinary temperatures, or at a gentle heit. It dissolves with difficulty 
in water, and is nearly insoluble in alcohol. (Berzelius.) • 

Tellurates of Barium. — These salts are obtained by precipitation.— The neutral 
salt , Ba"TeQ\8H*0, separates as a bulky precipitate, which soon sinks down, and 



TELLURATES. ; 717 

forma a white powder whoa dry. It gives qff water at 200°, dissolves sparingly in 
odd, more easily in boiling water.— -The acid salt, BaTEI^TeCP^IIH), is a bulky- 
tWeulont mass, more soluble in water than the neutral salt. — The anhydrous tetratdlu- 
rate* Ba"0.4Te0 # , is a bulky mass, more soluble in water than either of the preceding 
[if* it really anhydrous?]. It turns yellow when boated, but becomes white again on 

cooling. (B® rzelillfi -) } ■ 

Tell urate of Cadmium* Cd"Te0 4 , is obtained, as an amorphous white prooipfl 
tuti*. on mixing the noutral solutions of cadmium-nitrate and a toll urate of al kali - 
metal. (Oppenheim.) 

Tellurates of Calcium , Ca'TeO 4 , is precipitated in white uon-cohdrent flocks, 
sol ublo in hot water. (Berzelius.) 

Triturate of Chromium forms groy-green flocks, reddish by transmitted light; 
it dissolves iii excess of the chromic salt, by which it is precipitated. 

Triturate of Cobalt is precipitated in bluish-red bulky flukes. 

Triturates of Copper. — The neutral salt is a celandine-green precipitate ; the 
acid salt is somewhat lighter. 

Tell urates of Iron. — The ferric salt separates ns a pale-yellow floeculont 
precipitate, soluble in excess of the precipitating ferric salt . — The ferrous salt is a 
white precipitate, quickly changing colour in the air like other ferrous salts, 

T't titrates of Lead, — Obtained by precipitation. —The mvtral salt* Pl/'TeO 4 — 

I VO.TeO*, is a wliite precipitate, somewhat soluble in water. —The di/rf/urate , Pb"<). 
li'IVO*, is somewhat more soluble.- The tetralellurat** Pb"0. iTtCP, turns yellow when 
heat'd, but becomes white again oil cooling: it is moderately soluble in water. A 
basic lead-salt separates, as a white bulky precipitate insoluble in water, on mixing 
the solution of a neutral toll urat o of alkali-metal with basic acetate of lead (K*™o- 
lias). — A nitrato- tcllurate of lead is termed (according to Oppenlicim) on 
mixing a solution of lead-nitrate with free telluric acid; it is a wliite powder, 

Tel f urates of Lithium.— Prepared like the corresponding potassium-salts, Tho 
nndral and arid salts dry up to gummy masses. — Tho hyperacid salt is also a gummy 
mass which is converted at 100° into a white insoluble powder; at a still higher 
temperature, it gives otF waiter and turns yellow*. (Berzeli u n.) 

r J\tf urate * of Magnesium. -T1h*ho salts, being much moro soluble in water 
than tin* toll urates of the other alkalino earth- metals, must bo precipitated from very 
concentrated solutions. — Tho neutral and acid salts aro white llocculcnt precipitates!. 
(Berzelius.) 

T* It urate of Manganese separates in white flocks, having a faint reddish tinge. 

Tell urates of Mercury. — Tho mercuric salt, is precipitated in bulky white 
flocks. — Tho mercurous salt is a dark yellowish-brown precipitate. -- A mercurous 
nif rafo-ielht rate is produced (according to Oppenheini) by adding free telluric acid 
to a concentrated solution of mercurous nitrate. It forms at first a white curdy pre- 
cipitate, but acquires a faint j’ellow colour on exposure to tho air. * 

'Teliur ate of Nickel is precipitated in pale -greenish flocks. 

Tel lurates of Pot assivm. — Those salts are prepared by dissolving tho required 
quantities of telluric acid and potassium-carbonate in hot water.- The neutral salt* 
K*TcO , .5H 5t O r may also be prepared by supersaturating crystallised telluricucid, or its 
concentrated aqueous solution, with caustic potash. It is very slightly soluble in water 
containing potash, and separates there from as a soft gummy coagiiltim. Ji dissolves 
on warming the liquid, and separates by slow cooling in iiecdle-rdiupod crystals, which 
when heated give off water, and cuke together in a while mass. According to Ha mil 
(.Tahresb. 1861, p 266), it forms rhombic crystals of prismatic character, isoinorpbou* 
with those of neutral potassium-sulphate, and exhibiting the* combination c*P2 . P . 

oo . ocf* oo , Anglo oof*2 : 00 P 2 «*» 69° IT; P : oe» =* 123° 42 ; P : P 

(in the terminal edges) — 122° JJG' and 132° 10 r . When ox posed to the air, they 
become moist, without deliquescing, and are converted into a mixture of acid tcllurate 
and carbonate of potassium. On mixing the solution of tin* salt with a stronger acid, 
it deposits ;u*id or hyperacid tcllurate of potassium. according to the quantify of acid 
added (Berzelius).— Tho acid salt* 2KHTo0 4 .3H*0, is sparingly soluble in cold, 
much more soluble in hot water, and separates from the hot solution by slow cooling, 
in fine woolly crystallisations. On evaporating the aqueous solution over a. water-bat h» 
it remains as a white saline mass, gummy on the edges. It has an alkaline reaction, 
and a metallic, somewhat alkaline taste. When heatod, it gives oft its water, snd 
turns yellow even far below redness. Water decomposes the yellow mass dissolving 
neutral tcllurate of potassium, and leaving yellow tctratellurate (Berzelius).— -The 
hyperacid salt , 2(KIiTe0MI-Tc0 4 ).H , 0, is a loose white powder, somewhat soluble in 
Water. It gives off the greater part of its water at a gentle heat, retaining however a 
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small quantity till it turns yellow ; afca higher temperature, it is reduced to tellurite. 
By repeated crystallisation from its aqueous solution, it is partially decomposed, the 
crystals becoming mixed with those of the acid salt, while free telluric acm remains 
in the mother- liquor (Berzelius). — The anhydrous tetrateflurate, K 2 0.4Te0*, may 
be obtained by heating the acid tellurate to a temperature below redness, whereupon 
it breaks up into water, which is evolved ; neutral tellurate of potassium, which may 
be dissolved out; and the anhydrous tetratellurate, which remains undissolved as a yellow- 
mass, insoluble in hydrochloric acid and in nitric acid, except after prolonged boiling. 
Its formation is represented by the equation : 

BKHTeO 4 - 2K*T0 4 + K 2 Te0 4 .3Te0* + 3^0. 

Tellurate s of Silver . — Telluric acid forms a neutral salt, two acid salts, and two 
basic salts of silver. The neutral and acid salts are obtained by double decomposition 
with concentrated solutions of silver-nitrate and neutral tellurate of alkali -metal. — The 
neutral salt, Ag 2 Te0 4 , is a dark-yellow powder, which is resolved by water, especially 
at the boiling boat, into a soluble acid and an insoluble basic Balt. Its ammoniacal 
solution is colourless. — A nitrato-tcllurate of silver separates immediately, on adding 
telluric acid to a concentrated solution of silver-nitrate, as a colourless crystalline pre- 
cipitate, which turns slightly yellow in contact with the air, and brown when mois- 
tened with ammonia. Hydrochloric add decomposes it, with separation of silver- 
chloride (Oppen heim). —The ditelluraie and tetratellurate of silver are reddish-yellow 
flocculent precipitates. 

The tribasic salt, 3Ag 2 O.TeO* — 2Ag 2 0.Ag 2 Te0 4 , is produced on mixing the am- 
moniacal solutions of the neutral Balt and silver-nitrate, and remains on evaporation 
as a black-brown saline mass. — The same compound separates as a reddish-yellow 
precipitate, quickly turning brown, on mixing a very dilute solution of silver-nitrate 
with acid tellurate of potassium. — The sesyuibasic salt, 3Ag*0.2Tc0 a , remains as an 
anhydrous liver-colourecl powder, on boiling the neutral salt with water. (Berze- 
lius.) 

Tellurates of Sodium. — These salts resemble tho corresponding potassium-salts, 
and are prepared in like manner. 

. Tellurate of Strontium is prepared like the calcium-salt, which it resembles. 

Tellurate of Thorinu m is a white pulverulent precipitate, insoluble in excess 
of the thorinum-salt. 

Uranic tellurate is a palo-yellow powdof. 

Tellurates of Yttrium. — The neutral tellurate and ditelluraie are obtained by 
precipitating the neutral and acid tellurates of potassium with an yttrium-salt. 

Tellur ate of Zirconium, obtained by double decomposition, is a white powder. 

TflLliVRIUM, 8BL8WIBB OX 1 . Tellurium and selenium may bo fused to- 
gether in all proportions, thn combination being attended with evolution of heat. The 
product is an iron-gre}* brittle mass, which has a crystalline fracture, melts, below a 
rtnl licat, boils at a higher temperature, and may be volatilised without decomposition 
if excluded from tho air. When heated in contact with the ttir, it yields colourless 
drops, possibly consisting of a solenate of tellurium. (Berzelius.) 

TXli'LtrBlVM, AtlLXHlBXB OT. TeWuxiuTO forms two sulphides corre- 
sponding to the oxides. 

V Tellurous Sulphide , TeS*, is formed by the action of sulphydric acid on a 
tellurous salt, or on tho acidified solution of a tellurite (p, 711); also by exposing the 
solution of a sulphotellurite of alkali-metal to the air. It is a dark-brown or black 
substanco, which softens at a moderate heat, and acquires a semi-metallic lustre on 
cooling. When strongly heated it evolves sulphur. 

TollurouB sulphide combines with the sulphides of basylous metals, forming the 
sulphotellurites, all of which appear to contain 3 at. basylous sulphide to 
1 at. tellurous sulphide, being represented by the general formula 3M*S.TeS* = 
2hPS.M*TeSV 

Tho sulphotellurites of the alkali-metals and of magnesium are most readily pre- 
pared by saturating the aqueous solutions of the corresponding tellurites with 
sulphydric acid gas. The solid anhydrous sulphotellurites of alkali-metal have a 
brownish-yellow colour; those which contain water of crystallisation are pale-yellow; 
they dissolve easily and with pale-yellow colour in water ; less easily in alcohol with 
separation of tellurous sulphide. Acids added to the solutions throw down tellurous 
sulphide. In the dry state these salts may be ignited in dose vessels without decom- 
position, and at ordinary temperatures they remain unaltered for a considerable time 
m contact with the air; but their solutions decompose quickly in contact with the air, 
with formation of alkaline hyposulphite, and separation of tellurous sulphide.— The 
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ammonium-salty 3(NH«yS.T«S* crystallises by evaporation in a acuum over potash, in 
pale-jellow four-sided prisms, which give off sulphide of ammonium in contact with the 
nir. — Hie potassium-salt^ 3K*S.TeS*, separates by evaporation in a vacuum, in pale- 
vellow prisms, easily melting to a black liquid, which solidifies to a brown-yellow 
nuiss still soluble in water. In contact with the air, the salt decomposes and turns 
Muck. — The sodium-salt forms an amorphous pale-yellow moss, which decomposes 
quickly in contact with the air. — The lithium-salt exhibits similar characters. — The 
magnesium-salty which may be prepared as above, or by. precipitating tho barium-salt 
with magnesium-sulphate, and evaporating the filtrate in a vacuum, forma a pale- 
yellow crystalline mass, soluble in water and in alcohol. 

Tho sulphntelluritcs of the alkaline earth-metals are prepared by boiling tho corre- 
pjtonding metallic sulphides with tellurous sulphide and water. — The barium-salt 
separates, on evaporating tho filtrate in a vacuum, in large, transparent, palc-yollow, 
obliquely truncated, four-sidwd prisms. It. is tolerably permanent in the air, and 
dissolves very slowly in water. — The strontium-salt forma a pale-yellow mass, 
tolerably permanent in the air, and soluble in water. — The calcium-salt is a yellow 
amorphous mass, somewhat soluble in water. 

Tho sulphotclluritps of the heavy metals are insoluble in water, and are obtained by 
precipitation. — The cadmium - and cerium-salts are brown-yellow precipitates, which 
gradually become darker in colour. — The ferric salt forms dark-brown, easily fusible 
flocks ; the ferrous salt is a black precipitate. — Tho gold-salt (auric), AuS^.ToS*, is 
deposited, after some days, in black flocks, from a mixture of auric chloride and 
pofassiuTn-sulpliotellurite. — The lead-salt is tv brown precipitate, which turns black on 
drying.' — -The mercurous salt , 3Hg 2 S.TeS 2 , is a dark-brown precipitate, which when 
heated gives off mercury, and is converted into a yellow-brown muss of the mrreurio 
salt, 8HgS.Te.S i . — The platinic salt, 3PtS* 2TeS‘\ separates after some days, from a 
mixture of platinic chloride and potassium-sulphotellurite, in translucent dark-blue 
flocks, which appear black when dry. — Tho silver-salt, 3Ag*S.ToS*, is a bulky black 
precipitate, which when dry acquires metallic lustre by trituration. — Tho zinc-salty 
3/nS.TcS 2 , is a light-yellow precipitate which gradually turns brown. 

Telluric Sulphide, TeS*. — This compound is produced by saturating a solution 
of telluric acid with sulphydric acid gas, and gradually separates on leaving tho liquid 
to itself in a closed vessel placed in a warm situation, covering tliu sides of tho vchbcI 
with a blackisli-grey, metallically lustrous coating, which may be rubbed offiii spangles. # 
It unites with busylous metallic sulphides, forming the sulphobcliuratos, which, 
however, have been but little investigated. (Berzelius.) 

Sulphate! I u rate of Potassium is obtained by saturating a solution of potassium - 
tMlu rate with sulphydric acid gas. After the liquid has been filtered from the resulting 
black precipitate of telluric sulphide, which does not redissolve on adding potash and 
again passing sulphydric acid gas into the liquid, the filtrate may be concentrated by 
boiling without decomposition. The liquid then acquires a red colour, and deposits 
Kulphotellurutc of potassium as a light-yellow granule-crystalline mass. (Oppenheixb, 

J. pr. Che in. Ixxi. 279.) 

Sul photdt urate of Sodium is prepared like the potassium-salt. On adding soda-ley 
after the precipitate of telluric sulphide has settled down, and again passing sulphydric 
acid gas into the liquid, the precipitate quickly redissolves ; and on evaporating the 
wAw\\<wx wMvvVy Vo a\dphote\\u£ata of sodium separates, in. needle-shaped 

qtnvAvCVk cA a, wvdphwr-y oWow ediover . 

TBLLintOMBTBTL. See Methyl, Tblluhide of, iii. 992. 

TBUUEOVB BALTS. Salts formed by dissolving tellurous hydrate in acids 
(P. 713). 

TWIBATUU. See Heat (iii. 18). 

TBMT1KZWO. The softening of steel, cast-iron, and other metals by ignition 
and slow cooling. 

TSMTLnr-OZL. Oil of Pine-cones . Tannenzapfenol. — An oil isomeric with, 
and very similar to, oil of turpentine, obtained by distillation of the cones of Pinus 
Pum.il io, Hnk. (P. Mug hus , Scop.), and in some parts of Switzerland from the cones of 
the silver-fir (Abies Picea . Pinus Picca L, Abies pectinata, Dec.). When recently pre- 
pared by distillation with water, it is colourless, nut. becomes greenish-yellow on expo- 
sure to the air. It has a balsamic odour, like that of lemon-oil ; a specific gravity of 
0-862 at 12°; begins to boil at 165° ; but the greater part distils over between 173® 
and 177°, the boiling-point ultimately rising to 200°. By repeated rectification a 
camphene, C I# H I# , is obtained, having a specific gravity of 0 866 at 6°, and boiling 
constantly at 172°. (Fliickiger, Jahresb. 1866, p. 642.) 

Temphn-oil agrees with oil of turpentine in solubility and refracting power. In a 
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column 100 millimetres long, it turns the plane of polarisation 86° 'to the left for the 
transition-tint, and 66° for the red ray : the oil obtained from it by rectification below 
173° turns the plane of polarisation 92° to the left for the transition-tiniT (Berthe* 
lot, J. Pharm. [3], xxix. 38.) 

Templin-oil resinises quickly on exposure to the air, and turns add, with formation 
of ozone. When mixed with f vol. nitric acid and I vol. alcohol, it forms terpin or 
hydrate of turpentine, more quickly on addition of vol. water. It absorbs hydro- 
chloric acid gas, but Without farming a cry st alii sable camphor. When the oil, satura- 
ted with* hydrochloric ’acid gas, is treated with fuming nitric acid, a crystalline com- 
pound, C 10 H 1€ .HGl,is formed, having a rotatory power of —23°. When templin-oil is 
mixed with oh^-tlttrd of its weight of absolute alcohol, and then saturated with hydro- 
chloric acid gas, the liquid solidifies to a magma of the camphoroi'dal compound, 
C^H 1 *. 2IIC1, insoluble in water and in cold alcohol, but easily soluble in hot alcohol, 
from which solution it crystallises in lamina?. It dissolves in' volatile and fixed oils in 
nitric acid and in sulphuric acid, melts at 65°, and solidifies to a radio-crystalline mass 
on cooling, but is not volatile without decomposition. 

The oil obtained from the young branches and needles of Pinus Pumilio (iv. 649) is 
probably identical with templin-oil. 

TENNANTITE. An arsenical fah 1-ore from the Cornish mines, particularly near 
Redruth and St. Day, occurring in well-defined, monometric, tetrahedral crystals, isomor* 
phous with tetrahedrite, and exhibiting imperfect dodecahodral cleavage. Hardness — 
3*5 to 4. Specific gravity = 44 to 4 9. Lustre metallic. Colour, blackish lead-grey to 
iron-black; streak, dark reddish-grey. Fracture uneven. Before the blowpipo it 
emits copious arsenical fumes, and finally melts to a black scoria, which acts upon the 
magnet. 

Analysos: a by Wackornagel ; b by Ram mel sberg {Mineralckemic, p. 88): 

8. A«. Cti. F«*. 

a. 26 88 21W53 48 68 3 09 «= 99 18 

b. 26-61 19-03 61-62 195 = 99 21 

These analyses may be represented by the formula (Cu*; Fe")S.2As 2 S a , different from 
that of arsenical tetrahedrite — namely, 4M"S.As 2 S s . 

TEICOltXTE. Native cupric oxide, occurring, according to Rommola (Bull, 
gfol. xiii. 206), in the cracks and pores of Yesuvian lava, above Torre del (iitjco, fonning 
very thin hexagonal plates, scales, and earthy particles, having a dark steel-grey 
colour, and metallic to dull lustre. Thin laminae exhibit a brown trausluoenco. 

TEPHROXTE. Orthosilicate of manganoso, Mn "SiO\ from Sparta, New Jersey. 
(See Silicates, p, 254.) 

. TEPHROBIA. The leaves of Tephro&ia apollinea (I)oc.), a leguminous plant in- 
digenous in Upper Egypt, are very much like those of Cassia obtusa , and aro said to 
occur in commerco as Folia stnncB halipensia. (Nees v. Esenbeck, J. Pharm. [3], 
vh 185.) 

T8U8iLO»WX.XC ACID. Syn. with Pyrotehebic Acii> (iv. 776)* 

XSRATOLITE. Ferruginous lithomarge, from the coal-beds near Zwickau, in 
Saxony. 

TERATON ATRZTE. Syn. with Glauber’s salt. ^ 

TERBUrM and ERBIUM. Metals supposed to exist, together with yttrium, 
in the gadoliuite of Ytterby, in Sweden. Mo sander in 1843 (Ann. Ch. Pharm. 
xlviii. 220) examined the crude yttria obtained from gadolinite, by the process of 
Berzelius (se^ Yttrium), and concluded that it was a mixture of three earths of 
different basic power. The most basic of these — which was first precipitated from the 
solution of the earth in hydrochloric acid by ammonia — he designated as erbia, the 
next as t erbia, retaining the name of yttria for the least basic. A more complete 
separation is effected by fractional precipitation with an acid oxalate. For this pur- 
pose, the crude yttria is dissolved in excess of hydrochloric acid, and the liquid is added 
by drops to a solution of acid potassium-oxalate, as long as the resulting precipitate 
redissoives on agitation. The crystalline precipitate, chiefly consisting of erbium- 
oxalate, which then separates after some hours, is collected on a filter; and the filtrate 
is gradually mixed with more potassium-oxalate, which throws down a fresh pre- 
cipitate containing a larger proportion of terbium, while the last precipitates contain 
scarcely anything but yttrium. The first precipitates are almost always reddish ; the 
last, are colourless. On the other hand, when a mixture of the oxalates of erbium, 
terbium, and yttrium is digested with dilute sulphuric acid, the yttrium-salt is chiefly 
dissolved at first, then the terbium, and lastly the erbium-salt. (Mosander). . 

The metals erbium and terbium huve not been isolated. The characters of erbiom- 
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oxide or erbia* end of one or two erbium-salts, os determined by Mooender, have been 
ali^sdy described (ii. 497); erbia is especially distinguished by being yellow after 
ignition ip the air, and becoming colourlessby ignition in hydrogen. 

K The characters of terbium-oxide or terbia are not described by Mosander ; but its 
gaits are described as baring a saccharine and astringent taste. In the solid state, 
they exhibit an amethyst-colour, but not of constant tint or intensity. — The vwfesjfe js a 
rose-red* crystalline, deliquescent mass, and its solution bqpqmes coloured during 
evaporation, even before any separation of crystals takes place*— The sulphate forma 
crystals, which are larger than those of yttrium-sulphate, and effloresce at about 60°, 
crumbling to a whito powder. (Mosander.) 

Subsequent investigations by different chemists have, however, thrown considerable 
doubt on the existence of terbium, B e r 1 i n in 1 860,* in applying the preceding method 
of separation on a larger scale, obtained only erbia and yttria, the intermediate preci- 
pitates being always resolvable, by repeated fractional precipitation, into the oxalates 
of erbium and yttrium. He was also unable to obtain the sulphate efflorescing at 60° v 
which Mosander describes as distinguishing terbium from erbium. 

Similar results have been obtained by Popp (Ann, Ch. Pharm. cxxxi. 179), who 
moreover finds that the absorption-spectrum of an erbium-solution exhibits certain 
bands, identical with those of didyraium (ii. 322) ; and that on passing chlorine through 
the solution of an erbium-salt mixed with sodium-acetate, and heated to the boiling- 
point, the peculiar yellow precipitate characteristic of cerium (i. 831) is obtained. 
Ilence Popp concludes that the supposed earths, erbia and terbia, are nothing but 
yttria contaminated with the oxiaes of the cerium-metals. His experiments can- 
not, however, be considered as disproving the existence of erbium, inasmuch as 
mixtures of orbium-salts with those of cerium and didymium might exhibit the 
characters above mentioned; but Popp's results agree with those of Berlin, in 
tending to show that Mosander’s terbia ib really a mixture of erbia and yttria ; and 
this conclusion is further corroborated by the recent experiments of Bah rand 
Bunsen (Ann. Ch. Pharm. cxxxvii. 1). These chemists separate erbia and yttria as 
follows. 

Tho precipitate formed by oxalic acid, in the solution obtained by heating gadolinite 
with hydrochloric acid, contains tho oxalates of erbium and yttrium, besides those of 
calcium, cerium, lanthanum, and didymium, with traces of manganous oxalate and 
silica. These oxalates are converted into nitrates ; the solution is treated with sul- 
phate of potassium, with the usual precautions (i. 831), to separate the cerium-metals ; 
the erbium and yttrium, which still remain in solution, are again precipitated by oxalic 
acid; the oxalates are ignited; and the residual oxides, after being carefully freed 
from admixed potassium-carbonate by boiling with water, are dissolved in nitric acid, 
and again precipitated from the acid solution by oxalic acid, this series of operations 
V»eing repeated till the solution of the mixed earths in nitric acid, when examined in 
the spectral apparatus, no longer exhibits the absorption-bands characteristic of 
didyraium. The last portions of calcium and magnesium are separated by precipi- 
tating the acid solution of the mixed earths with ammonia, the calciums and 
magnesium then remaining in solution ; the precipitate is dissolved in nitric acid ; 
and the solution, now containing nothing but erbia and yttria, is precipitated by 
oxalic acid. 

To separate the erbia and yttria, the oxalates are converted into nitrates ; the solu- 
tion is evaporated in a platinum-dish, till the first bubbles of nitrous acid make the«P 
appearance ; and the dish is quickly cooled by placing it in cold water, whereupon tho 
viscid mass solidifies to an extremely brittle glass. On dissolving the mass in a quan- 
tity of warm water just sufficient to prevent the solution from becoming turbid on boil- 
ing, nitrate of erbium, still containing yttrium, separates on slow cooling in needles, 
which must be separated from the mother-liquor by decantation, and quickly rinsed 
with water containing about 3 percent, of nitric acid. This mother- liquor, treated in a 
similar manner, yields a second crop of crystals of erbium-nitrate containing yttrium; 
the mother-liquor of these yields a third crop, and so on, the proportion of yttrium- 
nitrate in the successive crops of crystals continually increasing. By mixing a 
certain number of the earlier and comparatively pure crops of crystals, and treating them 
in a similar manner, products are obtained of still greater purity ; and by repeating this 
mode of treatment several times, nitrate of erbium is ultimately obtained containing no 
appreciable quantity of yttrium. 

Fure erbia, obtained by ignition of the nitrate or oxalate, has a faint rose-red colour 
(not yellow, as stated by Mosander). It does not melt at the strongest white heat, but 
aggregates to a spongy mass, glowing with an intense green light, which, when 
examined by the spectroscope, exhibits a continuous spectrum intersected by a number 
of bright bands. Solutions of erbium-salts, on the other bund, give an absorption- 

* PorhaadUuner vad da Sksndlnsviske Ndarfonkerei attends Mftds I Kjdbenhaven, 1M0, p. 448, 
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flpectrom exhibiting dark bauds, and the points of maximum intensityof the light band* 
in the emission-spectrum of .gU/wing erbia coincide exactly in position with the points of * 
greatest darkness in the absorption- spectrum. The position of these b&xtdgja totally 
different from those in the emission- and absorption-spectra of didymium; in fact, there 
is not a single line of the erbium-spectrum which corresponds with that of didymium. 
(Bah f ind Bunsen.)* * 

Erbia is a proteii% Eb w O, containing 87*6 percent, erbium and 12*4 oxygen; it 
does not unite directly frith water. It dissolves Blowly but completely in warm hydro- 
chloric, nitak^fKad sulphuric acids. The erbium-salts have a rose-red colour, deeper in 
thehydra^tftianin the anhydrous state ; they have an acid reaction and sweet astrin- 
gent of Erbium^ obtained as above described, is a basic salt, Eb"(NO®) 2 . 

Eb*0.3H*0, crystallising in small imperfectly-defined needles, having a light rose* 
colour, permapept in the air, giving off their crystallisation-water at a moderate heat, 
and being converted into erbia at a red boat without change of form. It dissolves 
with difficulty in nitric acid, and is decomposed by water into nitric acid and a gelatinous 
hyperbasic salt. — The sulphate , 3Eb"S0 4 .8H>’0, isomorphous with the sulphates of 
yttrium and didymium, forms light rose-coloured crystals, which give off their water of 
crystallisation when heated, and recover it with great rise of temperature when mois- 
tened with water. The hydrated salt dissolves very slowly in water, the anhydrous 
salt very quickly, a character exhibited also by the sulphates of the cerium-metals. It 
is partially decomposed by ignition. — The oxalate , O'Eb"0\H 2 0, is precipitated from 
boiling acid solutions of erbium-salts as a light rose-coloured, heavy, Bandy powder, 
which may be easily washed by decantation, and does not give off its water till heated 
nearly to the temperature at which it decomposes. 

The mother-liquors from the several crystallisations of erbium-nitrate contain 
nitrate of yttrium, together with a certain quantity of the erbium-salt and the nitrates 
of the cerium-metals, which have not gone down with the nitrate of erbium in the 
successive crystallisations, but have accumulated in the mother-liquors. To obtain a 
pure yttrium-salt, therefore, the cerium-metals must, in the first place, be removed by 
repeated treatment with sulphate of potassium, till tho remaining solution, when 
examined by tho spectroscope, shows no trace of the didymium-lines. The sulphate 
of yttrium thus far purified, but still containing erbium, is next reconverted into 
nitrate; the solution of this salt is evaporated; tho residue heated nearly to redness; 
and the resulting mixture bf tho oxides and hyperbasic nitrates of yttrium and 
erbium is treated with cold water, whereby a solution is obtained, containing nitrato 
of yttrium with less erbium-salt than before, and a residue rich in erbium; and by 
repeating this treatment several times, a nitrate of yttrium is at length obtained, 
which oxhibits no trace of an absorption-spectrum, and when ignited leaves pure 
colourless yttria. (Soe Yttrium.) 

The result of tho whole serios of operations is, therefore, to separate the crude yttria 
obtainod from gadolinite into two earths, yttria and erbia, without any indication of an 
earth (the so-called terbia) of intermediate basicity. 

On the other hand, Delafontaine (Ann. Ch. Pharm. cxxxiv. 99 ; Jahresb. 1884, 
p. 196; Bull. Soc. Chira. [1866] i. 168) still maintains the separate existence of erbia 
and terbia. He finds that the first precipitates thrown down by acid potassic 
oxalate (as in Mosander’s method), from a solution of crude yttria, yield, on ignition, a 
yellow residue ; and if this be redissolved, and subjected several times to the same 
treatment, an earth is obtained of continually deeper yellow colour, and consisting 
mainly of erbia, with comparatively small quantities of terbia and yttria; from which 
it may be further purified by dissolving it in nitric acid, evaporating to dryness, re- 
dissolving in water, saturating the neutral solution in the cold with pulverised 
potassic sulphate, and washing tho resulting precipitate (consisting of erbio-potassie 
sulphate) with a saturated solution of potassic sulphate, which dissolves the double 
sulphates of the other two metals. Tho erbio-potassic salt dissolves easily in hot 
water, and the solution, treated with potash, yields erbium -hydrate, which may be 
redissolved, and completely purified from terbium and yttrium by repetition of the 
some treatment. 

Anhydrous erbia, thus obtained, has a yellow colour of various depths, but becomes 
white by ignition in hydrogen. The hydrate is white, absorbs carbonic acid from the 
air, and when heated to redness, leaves the anhydrous oxide in dense hard lumps of a 
deep orange-yellow colour. Its solutions are colourless, or sometimes have a faint 
rose-colour, and do not exhibit any absorption-spectrum. 

Terbia, the separation of which from yttria is not specially described, is (according 
to Delafontaine) an earth of a pale rose-colour, ana does not become colourless by 
ignition in hydrogen. It dissolves easily in acids, forming rose-coloured solutions, 

* The paper above referred to Is accompanied by exact diagrams or the erbium- and didymium-fpectra. 
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which yield an abaorption-spect^um. Delafontaine is of Opinion that the earth de- 
gcribed by Bahr and Bunsen as erbia, is really terbia, the true erbia, which » first 
precipitated by oxalic acid from the solutioh of the mixed earths, having, as above 
mentioned, a yellow (not a rose) colour, and not producing an absorption-spectrum. 
Bahr and Bunsen, on the contrary, are of opinion that the yellow colour and^other 
peculiarities of Delafontaine’s erbia are to be attributed to imperfect separation pf the 

cerium-metals. 'j? ■ t ** 

Further experiments are perhaps required, to afford a perfect^ tMsfaetory answer to 
the question whether crude yttria is a mixture of three earths oruf onl j>wo ; but, for tbs 
present, the very carefully conducted experiments of Bahr and Bunsen m^hfcregarded 
as throwing great doubt on the existence of the third of those e&i$frfc-3the so-called 
terbia. The fact which tells most strongly in favour of the opposite view, is that 
Delufontaines terbia exhibits an absorption-spectrum, whereas his yfea docs not j but 
tin* descriptions hitherto given of his methods of separation are not rtuBoieutly precise 
to enable us to judge of their efficiency. 

According to Del af on tain e, the atomic weight of yttrium is 74*4 (yttria «* 
Y"0 ) ; that of erbium is higher, and that of terbium higher still. He further regards 
it as probable that gadolinite contains a fourth metal, whose aaltB have an absorption- 
spectrum partly corresponding with that of didymium. 

According to Bahr and Bunsen, the atomic weight of yttrium is 61*7, and that 
of erbium 112:6. 
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Terehamidc . — This com- 
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TBSBBAMXO ACID. OTD’NO* => (C 7 H 8 0 2 )” 

H 

pound is produced, by heating terebic acid in ammonia-gas to 1 40°-lG0°, ns a sublimate, 
which dissolves slightly in cold, easily in hot water and Alcohol. Tho solutions are 
neutral to litmus, and do not decompose carbonates. Terebamic acid dissolves easily 
in caustic alkalis, and is separated from the solution by acids in its original state. 
— The bariu>it-8alt % C ,4 H 5W Ba''N B 0®.2H 2 0, is easily soluble in water, and dries up on 
evaporation to a gum: it is precipitated in the crystalline state by alcohol, and form*, 
after drying, a loose web of microscopic needles having a silky lustre. (Handw. d. 
Chein. viii. 675.) 


TfiREBAMXBB. See tho preceding article. 

TxaEBEVS. An optically inactive isomer of turpentine-oil (#. u.). 

TEREBENBB. Syn. with Camphknks (i. 724 ). 

TEltXSBxmrXC ACID. Syn. with Terkbio Acid. 

TEBEBENTHElfB. One of the isomers of turpentine-oil obtained by the decom- 
position of the hydrochloratc, C ,0 H ,a .HCl f or the hydrobromato, C ,0 H ,# .I£Br. It also 
forms tho chief portion of the turpentine of Pinna maritima. (See Turpentine Oil.) 

T£&£BX»rTlX.IC ACID. G H H J# 0*. (J. Person ne, Ann. Ch. Pharm.c. 263.)-— 
This acid is obtained by passing the vapour of fused turpentine-hydrate over soda- 
lime heated to 400°, and treating the resulting mass with hydrochloric acid; the 
reaction is attended with the evolution of large quantities of marsh-gas and hydrogen : 
C ,# H M 0* - C"H ,0 0 2 + 2CH< + H a . 


This acid is white, has a faint odour rosembling that of the goat., is heavier than 
water, melts at 90°, and distils with partial decomposition at 260°. It is insoluble in 
cold, but soluble in boiling water, ana separates, on cooling, as a powder consisting of 
small needle-shaped crystals; it is very soluble in alcohol and in ether. By sublima- 
tion, it crystallises in small spangles, apparently having the form of oblique prisms. 
Its vapour is acrid, and attacks the nose strongly. 

Terebentilic acid is monobasic. — Its calcium-salt, formed by treating the acid with 
lime, crystallises in small silky needles, resembling sulphate of quinine. — The Icnd- 
salt is uncry stallisable, and resembles gum-arabic. — The silver-salt , C*Il"AgO B , is 
slightly soluble in boiling water, add crystallises on cooling;. 

With alcohol, terebentilic acid easily forms an ether having the odour of pears and 
pine-apples. 

TEEEBBTOO AOXE. An acid produced, according to Cailliot (Ann. Ch. 
I*hys. £3], xxi. 31), together with terephthalic acid, by the action of nitric acid 
on turpentine-oil. It is separated from the terephthalic acid by boiling water or cold 
alcohol, and crystallises from the aqueous solution, on cooling, in small shining needles 
»*id to have the composition C^JTO*. It volatilises easily with the vapour of boiling 
water, melts at 169°, boils at a much higher temperature, but sublimes At 200° when 
heated in ojpen vessels. Its ether has an agreeable odour of anise, and boils at 130 u . 
The metallic terebenzates are about as soluble in water as the benzoates. 

TERBBXO ACID. C 7 H , *0 4 xs ■’ | 0 B . — A product of the action of nitric 
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acid upon turpentine-oil, discovered by Bromeis (Ann. Ch. Pharm. xxxvii. 207), 
called it turpentvnic add ; further examined by Eabonrdin (J. Pharm. [3], vi. 185V 
who designated it as terebilic or terebenic arid; by Cailliot (L. Institute 1849,0.353) 
and lastly by Svanbqrg and Eckmann (J. pr. Chem. lxvi, 220). * 

To prepare, it, oil o#fcurpentine is heated with four or dye times its weight of nitric 
add diluted wijfe an equal bulk. of water, as long as red fumes are evolved, whereby a 
b0*le resin and a yellow acid liquid are obtained. This liquid, 
' ^aborated toa>4jfa£ip, and diluted with a large quantity of water, deposits a whitish- 
, precipitate, having the consistence of pitch ; and the watery liquid separated 

thjerfeftom yields crystalline terebic acid. [Svanberg and Eckmann.) 

Terdbtts acid crystallises (according to Bromeis) in tolerably regular forms, 
appearing under the microscope as four-sided prisms with oblique terminal faces, and 
exhibiting an extraordinary lustre on their lateral faces. It has a purely acid taste, 
dissolves slightly in cold, more readily in boiling water, easily in alcohol and ether. It 
is net decomposed by nitric acid at the boiling heat, but sulphuric acid chars it. The 
acid melts at 200° without loss of weight ; but at a higher temperature it begins to 
boil, and is resolved into carbonic anhydride and pyroterebie acid : C T H ,0 O 4 «= CO* 
+ C 8 H'*0 8 . 

Ter abates. — Terebic acid is dibasic. It decomposes carbonates, forming acid Balts, 
C 7 H 9 M0 4 and C I4 H l *M"O a , which have an acid reaction, but do not exert any further 
action upon carbonates. In contact with metallic oxides and hydrates, however, the 
acid forms neutral salts, C 7 H B M*0 4 and C 7 H 8 M "O 4 . It resembles salicylic acid in 
forming acid more readily than neutral salts. It also forms acid ethers, which act 
with bases like a monobasic acid. 

Tho neutral terebates all contain water of crystallisation, and retain at least one 
atom of it until heated to a temperature at which they decompose. When dehydrated 
as far as possible without decomposition, they have the composition C 7 II 8 M' r 0MI*0. 
Hence they are regarded by Cailliot as salts of a peculiar acid, C 7 H l2 O a , which he 
calls diaterebic acid. But, as they yield terebic acid when decomposed by acids, 
this supposition does not appear to rest on very good grounds. 

Terebates of Ammonium. — The neutral salt is deliquescent and uncrystalli sable. 
. — The arid salt, C 7 I1 9 {NH 4 )0\ forms very soluble prisms ; which give off their ammonia, 
slowly at ordinary temperatures, quickly at 100°. 

'terebates of Barium . — The neutral salt, 2C 7 H 8 Ba M 0 4 .5H ? 0, obtained by adding 
baryta- water to a solution of the acid salt, and precipitating the excess of baryta with 
carbonic acid, dries up to a gummy mass, which gives off 2 at. water at 140°, leaving 
the salt 2 C 7 11 “Ha" O 4 . 3 H'O . This hydrate, which appears also to be precipitated by 
alcohol from tho aqueous solution, deliquesces on exposure to the air, and then yields 
crystals of another hydrate, C 7 H 8 Ba"0 4 .3H 2 0 (Cailliot). — The arid barium-salt , 
C M H , *Ba"0 H ,2ir'0, or C 7 II a Ca"O 4 .C , H l0 O 4 .2H 2 O, obtained by treating the aqueous acid 
with carbonate of barium, is precipitated from its syrupy solution by alcohol in 
needles (Cailliot) ; according to Svanberg and Eckmann, it is uncry stalli sable. 
A more dilute solution mixed with alcohol slowly deposits nodules of the neutral salt, 
while free terebic acid remains in solution. 

Thoneutral calcium-salt separates, by spontaneous evaporation of its solution, 
in microscopic tables, containing 2C 7 H 8 Ca"0 4 .5H 2 0 ; but on boiling the solution, it is 
deposited in small crystals containing C 7 H B Ca"0 4 .H 2 0. 

Terebates of Lead.— The neutral saltt 3C’H B Pb"0V2H 2 0, forms crystalline 
nodules, which are insoluble in cold water, and are decomposed by boiling water, with 
formation of a basic salt. — A basic lead-salt , 2C 7 H 8 Pb"0 4 ,Pb''H 2 0 7 .3H i: 0, is also pre- 
cipitated on evaporating a solution of 1 at lpad -oxide in 1 at. terebic acid. — Cailliot 
likewise describes a salt containing 2C l H B Pb"0 4 .6H*0, which he calls metaterebate of 
lead, representing it as 2 PbO.C li H l9 O il . — The acid lead-salt, C M H ,s Pb"0 9 .H 7 0 = 
C 7 H 8 Pb'T) 4 .C 7 H ,0 0 4 .H*0, is obtained by saturating the aqueous acid with litharge, 
taking care that the latter is not added iu excess, and crystallises from the liquid, 
evaporated to a syrup, in small white groups of crystals resembling cauliflower-heads. 

The acid potassium-salt, 2C 7 H B K0 4 .H 2 0, obtained by dissolving carbonate of 
potassium in an equivalent quantity of the acid, and evaporating to a syrup, forms 
very soluble crystals, which give off their water at 100°. — The acid sodium-salt, 
2C’H l $fa0 4 .H*0, prepared like tho preceding, also gives off its water at 109°. 

Silver-salts. — The neutral salt , C T H B Ag*0 4 .H*0, obtained by precipitating a 
solution of the neutral barium-salt with nitrate of silver, is uncrystallisable (Svan * 
berg and Eckmann). According to Cailliot, it dissolves very slightly in boiling 
water, and separates therefrom in needles. — The arid stiver-salt , C T H 9 Ag0 4 , obtained 
by precipitating the acid ammonium- or barium-salt with nitrate of silver, then evapo- 
rating, and leaving the solution to cool slowly, forms beautiful shining prisms. 
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TflSBBXO anialts. Terebic acid, as already observed, forms acid ethers, 
which react like monobasic acids ; they are prepared by the direct action of terebio 

C'HK)*) 

acid on the several alcohols. — Ethyl-terebic acid, » C*H A >0\ is 

an oil, having a burning but not acid taste, sparingly soluble ilfwator, and not? arable 
of being distilled without decomposition. Its salts have but little atii&Ujty, ana are 
resolved by t he slightest heat into metallic terebate, ethyl-terebio a^.lld alcohol, 
C 1, H"Ba’(C , H 1 ) J 0' + H J 0 = C'H'Ba'O* + C*H«0 

The methylic and amylic ether* resemble the ethylic ether in .composition and in 
properties. (Cailliot, loc. cit.) r 

TBRE8XLXO ACID. Syn. with Terebic Acid. 

TEBECAMV8ENB. An isomer of turpentine-oil (qv.). 

TBSECBftTSXC or TBKECRTLXC ACID. C a H 8 0 4 . An acid said by Cailliot 

to bo contained, together with oxalic, terephthalic, terebenzic, and turpentinic acids, in 
the watery liquid obtained by oxidising turpentino-oil with nitric acia diluted with an 
equal bulk of water. 

TEREVXTE. A minoral from Antwerp, in New York, of specific gravity 2 'S3, 
regarded by Dana (ii. 203) as an altered form of scapolite. 

TEREFBTBAIAMXDB. See Terephthalic Amides (p. 726). 

TEBSFBT8AUC AC IB. C“H'0' - (C'H'OT J 0 ». Insolinic Acid.— A. 

prwluet of the oxidation of turpentine-oil and other hydrocarbons and of certain alde- 
hydes. It was discovered by Cailliot (Ann, Ch. Phys. [3], xxi. 28), who obtained it 
by the action of nitric acid on turpentine-oil, and more completely examined by De la 
Rue and Hugo Muller (Ann. Ch. Pharm. exxi. 86). Hofmann {ibid, xevii. 197), 
by oxidising cuminic acid, cuminie aldehyde, and cymene with chromic acid, obtained 
a dibasic acid, which he called insolinicacid, and represented by the formula OH'O 1 , 
but, according to De la 11 u c and Muller, this acidris identical with torcphthalic 
acid. According to Schwancrt {ibid, cxxxii. 267), terephthalic acid is produced by 
the action of nitric acid upon several volatile oils : cymone, turpentine -oil, lemon-oil, 
thyraene, and cajeput-oil, oxidised with nitric acid, yield terephthalic and camphretio 
acids ; cumin-oil yields terephthalic but no camphrotic acid; camphor, worm wood-oil, 
borneol, and peppermint-oil yield camphretic but no lerrphthalic acid; thymol does 
not yield cither of these acids ; thyme-oil or thymeno yields, together with terephtha- 
lie acid, an oil having the composition of Hofmann’s insolinic acid. Do la Hue and 
Muller {ibid. cxx. 339 ; exxi. 86) have obtained terephthalic acid, together with other 
acids, by the action of dilute nitric acid on rectified coal-tar oil (a mixture of toluene, 
xylene, and pseudocumene), and on the liquid hydrocarbons of Burmese naphtha ; they 
find also that it is always produced in the preparation of toluylic acid from cymene, and 
in the treatment of that hydrocarbon with fuming nitric acid for the production of 
nitrotoluylio acid, the result being the same whether the cymone has been obtained from 
Roman cumin-oil or from camphor. According toBeilstein {ibid, cxxxiii. 32 ; cxxxvii, 
301 b xylene oxidised with dilute nitric acid yields only toluylic acid ; + O* «* 

011*0* + IDO; but when treated with sulphuric acid and potassic dichromate, it yields, 
by further oxidation, terephthalic acid, which indeed is likewise produced by the direct 
treatment of toluylic acid with the same oxidising mixture. 

Preparation. — I. From Turpentine-oil.— The oil is treated, in a retort, with a large 
excess of nitric acid diluted with an equal bulk of water, as long as red fumes continue 
to escape. The acid mother-liquor thus obtained is separated from the resin, and the 
residue is treated with cold water, which again leaves an orange-yellow resin, contain- 
ing terephthalic and terebenzic acids. The latter may be removed by solution in cold 
alcohol and boiling water ; the terephthalic acid is then dissolved in ammonia; and 
the resulting ammonium-salt, after being purified by repeated crystallisation, and boil- 
ing with animal charcoal, is decomposed by a mineral acid. 

2. From Cuminic Acid , Cuminic Aldehyde , Xylene , &c.— One part of euminio 
acid is cohobated for about twelve hours with 1 pt. of. dichromate of potassium, 

6 pts. of strong sulphuric acid, and 1*2 pta. of water. Terephthalic acid is then 
found floating on the green liquid, after cooling, as a white flour-like powder, 
and the liquid retains in suspension a greenish half-fused mass, consisting of 
chromic terephthalate. The liquid is now to be Altered, the. insoluble matter washed 
with water to remove the soluble chromium-salt, and the residue boiled with 
ammonia, which dissolves terephthalic acid, leaving chromic oxide undissolveil. 
The ammoniacal solution saturated with hydrochloric acid yields a white powder 
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which, when repeatedly boiled with water, or heated with boiling alcohol (to remove 
adhering cuminic acid), constitutes pure terephthalic acid (Hofmann). In a similar 
manner terephthalic acid' may be prepared from Roman cumin-oil, which is a mixture 
of cuminic aldehyde and cymene. Beilstein prepares it by boiling 100 grins, xylene 
for several days witlv 400 grms. potassium-dichromate and 560 grms. oil of vitriol 
diluted with twice its weight of water, — then filtering, dissolving the residue in carbo- 
nate of sodium, fltthting with a large quantity of water, and precipitating with hydro- 
chloric acid. " 

VroperUtx, — Terephthalic acid is a white, tasteless, crystalline powder, not percep- 
tibly soluble in water, alcohol, ether, chloroform, or acetic acid. When wanned with 
Strong sulphuric acid, it dissolves in considerable quantity, without formation of a 
sulphoterephthalic acid, and is separated in its original state on addition of water. 
When heated, it sublimes without previous fusion, forming an indistinctly crystalline 
sublimate, which has the same composition and properties as the original acid; tereph- 
thalic acid is not therefore, like its isomer, phthalic acid, resolved by heat into water and 
the anhydride. When heated with potash, it is resolved, like phthalic acid, into* ben- 
zene and carbonic anhydride (De la Rue and Miillor). Hofmann’s insolinic acid 
melts at a very high temperature, its melting- and boiling-points nearly coinciding, 
When distilled, it partly sublimes unaltered, while the rest is decomposed, with 
formation of benzoic acid and benzene, carbonic anhydride being evolved, and a carbo- 
naceous residue remaining in the retort.* 

Terephthalates. — Terephthalic acid dissolves in alkalis, neutralising them com- 
pletely, and is precipitated from its salts by phthalic acid. Although dibasic, it does 
not form any double salts, and shows but little tendency to form acid salts. Nearly 
all the terephthalates are soluble and crystallisable, and so inflammable that they 
may be set on fire by a spark from flint and steel, and burn away slowly like tinder, 
emitting the characteristic odour of benzene. Terephthalic acid forma acid and neutral 
ethers (p. 727). 

Terephthalate of Ammonium , C 8 H 4 (NH 4 ) 2 0 4 , crystallises, by slow evaporation, in 
small crystals having a strong lustre (Beilstein), — The barium-salt* C 8 H 4 Ba"0 4 . 
4 H O, obtained by mixing tho concentrated solution of the ammonium-salt with 
chloride of barium, crystallises from water in concentrically-grouped tablets, which 
become anhydrous at 160°, and dissolvo in 355 pts. water at 5°. — Tho calcium-salt , 
C*H 4 Ca"0 4 .3II 2 0, prepared in like manner, dissolves in 1213 pts. water at 6° (Beil- 
stein). — Tho silver-salt, C B H /| Ag 2 0 , f separates as a curdy precipitate on mixing the 
solution of the ammonium-salt with nitrate of silver. (Do la Rue and Muller.) 


aritroterepbtl&alle Acid, C 8 H ft (N0 2 )0 4 , is formed by the action of a mixture of 
fuming sulphuric and nitric acids on terephthalic acid, and separates from water in 
cauliflowor-like aggregates. It dissolves easily in hot alcohol, forms well-crystallised 
metallic salts, and crystallisablo ethers, which dissolve easily in alcohol and melt, at 
low temperatures. By reducing agents it is converted into oxytcrephthalamic or 
amidoterephthalic acid (infra). (D o la Rue and Miillor.) 

Oxyterkfhthalio Acid, C B H fl 0 4 , is produced by the action of nitrous acid on oxy- 
terephthalamic acid. It forms well-crystallised salts, less soluble than the corre- 
sponding terephthalates. (Do la Rue and M tiller.) 

TERXPHTHALZO AMX9B8. 1. Terejfhthalamide, C 8 H 8 N 2 0 # « 

N% Ii 4 .( C*H 4 O a )", produced by the action of ammonia on terephthalic chloride, is a 
while amorphous body, not dissolved by any solution. — 2. Nitroterephthalamide , 
C H IF(N0 2 )N 2 0 2 , formed by the action of fuming nitric acid on terephthalumide, crys- 
tallises in fine prisms. — 3. Terep ht halyl- nitrile, C 8 H 4 N 2 , is obtained by treating 
terephthalamide with phosphoric anhydride, distilling over as a liquid, which solidifies 
in the neck of the retort. It forms fine prismatic crystals, colourless and scentless, in- 
soluble in water and in benzene, easily soluble in cold alcohol. When boiled with 
caustic alkalis, it is gradually converted into ammonia and terephthalic acid. 


H* 


„)N 


4. Oxyterephthalamic Acid , C 8 H T N0 4 (C 8 H 8 0 2 )'"|,Q fI or Amidoierephtha * 

lie Acid , C 8 H 1 (NH*)0 4 , is produced by the action of reducing agents on nitrotereph- 
thalic acid. It crystallises in thin prisms, and often in mosslike groups of crystals, 
sparingly soluble in cold water, other, alcohol, and chloroform. It unites both with 
acids ana with bases ; the solutions of the latter compounds are highly fluorescent. 

The ethers of oxytercphthalamic acid are formed by the action of reducing agents 
on those of nitroterephtbalic acid. — The ethylic ether forms large crystals resembling 


* The physical characters of insolinic acid are the same as those of terephthalic acid ; but the 
analyses of the *cM and of Us salts agree very nearly with the numbers required by Ho One on’s for- 
pHlU C^H^O 4 , and differ considerably from those required by the formula of terephthalic acid. 
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umnic nitrate ; its solutions are strongly fluorescent. Oxyterephthalamic acid is con- 
vert^ by nitrous acid into oxyterephthalie add. 

XSESPHTKAIIC GHX»ORXl>B, C*H l O*Cl*, is produced, together 'with phos- 
phoric oxychloride, by the action of phosphoric pentachloride on terephthalic acid at 
40 °. It forms beautiful crystals, inodorous at ordinary temperatures, but smelling 
when heated like benzoic chloride, which it resembles in its reactions. (Do la Ru« 
and Muller.) 

TSBSPBTBA11C STBSftB. Terephthalic acid forms both neutral and add 
ethers. The neutral ethers are formed by the action of terephthalic chloride upon 
alcohols, or by that of alcoholic iodides on the silver- or potassium -salt of terophthalio 
acid. — The acid ethers are usually formed in small quantity, together with the neutral 
ethers, by tho action of alcoholic iodides on terephthalate of silver. They are well- 
marked monobasic acids, and form salts insoluble in alcohol. 

Neutral Amylic Terephtlwlate^ C e H 4 (C a H ,1 )*0 4 , forms pearly scales, which melt at 
the heat, of the hand. — The neutral ct hylic ether, C*H 4 (C“H*) v 0 4 f forms long prismatic 
crystals resembling urea, and easily soluble in alcohol (De la Itue and Muller). 
It melts at 44°, solidifies at 29°, is insoluble in water, but dissolves easily in alcohol 
and cl her (Beil stein). — Tho neutral ‘met hylic ether , C H H 4 (CH a )*0 4 , forms beautiful 
flat prismatic crystals, several inches long, which melt at a temperature above 100°, and 
sublime without decomposition. It dissolves easily iu warm, loss easily iu cold alcohol 
(Dr la Iiue and Muller). According to Beilstein, it melts at 140°, and solidifies 
again at 130°. — Tho neutral phcnylic ether, C 8 H 4 (C 6 H s ) 2 0 4 , is white, crystalline, and 
melts at a temperature above 100°. (Do la Rue and Miillor.) 
TERBPHTBAITI.-KZTXIILB. See Tkukphthalu: Amides (p. 726). 

TEBOPIAMMONB. Syn. with Triopianylamidk. (See Opianic Acid, Amides 

()]■■, iv. 206.) 

TERPXLENB. Soo Turpentine-oil, Hydrates of. 

TEMXNOR. I Hydrates of turpentinc-oil (g. v.). 

TERRA OATECHV. Syn. with Catechu (i. 816). 

• TERRA 1>Z SXEVA. A ferruginous clay, occurring near Siena, in Italy, in 
thick brownish-yellow masses, often light-yellow ia the middle, and yielding a 
greenish-yellow powder. It. has a specific gravity of 3-46, a conchoidal fracture, and 
adheres strongly to the tongue. According to Kownry, it contains 75’3 per cent, 
ferric oxide, 9 b alumina, ll’l silica, and 13-0 water, besides small quantities of lime 
and magnesia. When burnt, it becomes brown-red, and yields a dark-red powder. It 
is used as a pigment, both in its natural state, as raw siena, and, after ignition, as burnt 
siena. 

TERRA TOLXATA TARTARS. A name of potassium-acetate. Sodium- 
acetate ia sometimes called Terra fol. tart . crystallisabilis. 

terra XAPONXCA. Syn. with Catechu. 

TE RRA LBMNXA. Lemnian earth (iii. 570). 

TE RR A MXRACVLOBA. Obsolete name of bole. 

TE RR A KURXATICA. Obsolete name of magnesia. 

T ERRA WOBXXiXS. A name applied by Bergemonn to the diamond, at a time 
when its real nature was not known. 

terra PONDfiROBA. An old name of baryjp. Terra ponderosa ealita, 
old name of barium -chloride. 

TERRA UXBBRA. See Umbkr. 

TX^RA VXTRSBOIBXLXB, One of the three elementary earths assumed by 
Bccher, and supposed to be especially abundant in siliceous minerals. 

TBBBBIXTB. Syn. with Apopuyllite (i. 351). 

TB8SBRA1» PTRXTBB. A name applied to the native arsenides of cobalt, 
smaltine and skutterudite, both of which crystallise in the monometrie or tosscml 
system (i. 1041). 

V8TARTXRB. Syn. with Albxts. (See Felspar, ii. 621.) 
TETARTOBBXMRT* See Crystallography (ii. 121, 144) 

TlTItA. A prefix applied to compounds containing 4 at. of a chlorous element 
to 1 at. of a basyious element: e.g n tetrachloride of tin, SnCl 4 ; also to substitution- 



compounds, in which 4 at hydrogen are replaced by a radicle, simple or compound* 
e.g., tetrachloroquinone, tetramethylammonium, &c. 

TZTftACLABITX. Syn. with Scapoutb (p. 203). 

TITSASIOTl, or TITSAB1CAT7L, C 14 H» ; also called Myrutyl.—^ 
fourteenth term of the series of alcohol-radicles, C“H 2 *+*. — Tetradecylic hydride 
C U H W , is one of the constituents of American petroleum : it boils between 236° and 
240°, and is converted by chlorine into the corresponding chloride, C M fl*CL — Tetra- 
deeylie or Myristic Jlcohol , or Methal , C u H f0 O, is one of the constituents of sper- 
maceti (iii. 1072). 

VITftABTXZTfli Native telluride of bismuth (p. 707). 

TBTXLfiLHBDBXTB. Fahl-ore, Grey Copper , Fahlerz , Kupferfahlerz, Panabase, 
— Varieties: Poly t elite, IVeissgiltigerz or Silberf abler z; Schwarzgiltigcrz and Grau- 
gUtiqerz ; Spaniolite or Quecksilberfahlerz. 

The name tetrahedrite, or fahl-ore, is applied to a group of isomorphous minerals, 
crystallising .n hemihedral forms of the monometric or regular system, and consisting 
of mixtures of sulphur-salts (sulphantimonites and sulpharsenites), in which the 
sulphur of the* base is to that of the acid, for the most part, as 4 : 3. The general 

formula of the group is, therefore, (Sb*^ ka^l 01 4116 M 

denoting Cu (cuproeum) and A g, and N" denoting Fo, Sn f and Hg (« 200). 

The forms of most frequent occurrence are the regular tetrahedron, 5 (fa t 190, ii. 

202 O 

230), the triakis-tetrahedron n {fig. 796), and the combinations + ~ • ooO» 

fit 2 

(^.107,11.231), + § • «0 {fig. 203, ii. 232), +2 . + ^(^.797), +2 . + ™ . 
ooO (fig. 798), + ?2? . ooO • others. 


Fig. 798. Fig. 797. 



Twin- cry stals occur, with octahedral composition-face. Cleavage octahedral in 
traces. The mineral also occurs granular to impalpable, and compact. Hardness » 
Fig . 798* 3 to 4*6. Specific gravity = 4*5 to 6*11. Lustre 

metallic. Colour between steel-grey andiron-black. 
Streak generally the same as the colour. Opaque, or 
subtrans lucent in very thin splinters, with cheriy- 
red transmitted colour. Fracture suhconchoidal, un- 
even. Bather brittle. 

before the blowpipe, it gives off fumes of antimony 
and sometimes of arsenic, then melts, and after 
roasting leaves a globule of copper. When pulverised, 
it dissolves with little residue in nitric acid, forming 
a brownish-green solution. 

The best mode of analysing tetrahedrite is that of 
H. Bose, which consists in heating the mineral in a 
stream of chlorine; the metals are thereby converted 
into chlorides, some of which aro volatile, while others are fixed, a division which 
greatly facilitates the further separation (p. 637). 

Analyse*: — l, 2. H. Bose (Fogg. Ann. xv. 676). — 3. Svanberg(Kongl. Vetensk. 
Acad. F6rhL iv. 86). — 4. Bammelsberg (Mineralchemie, p. 87). — 6, 6, 7. H. Rose, 
{toe. oit.) — 8. G enth (Sill Am. J. xvi. 83).— 9. Scheidhauer (Pogg. Ann. Ifiii* 
161). — 10. Von Hauer (Jahrb. Goolog. Reich*. 1852, p. 98):— 
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I. Clausthal • • 

1. Freiberg . • 

i Mefteberg • 
b. KMpnlk • • 

6. Gersdorf . . 

7. Alsace . . 

8. Cabarras. N. 

Carolina 

9. SpernioiitC , Iglo, 

Hungary 

10. Pnratech, 
Hungary. 



%. 

Sb. 

As. 

Cu. 

N 

Ecu 

As. 

H* 



24*73 

28*24 

• • 

34*48 

2*27 

6*65 

4*97 


« 100*24 

. 

21*17 

24*63 

• . 

14*81 

5*98 

0*99 

81*29 

• « 

« 98*87 


30*05 

24*77 

trace 

32*91 

1*31 

6*40 

3*09 

* • 

Pb 0*04, Go 0*49 gsngue 

# 

24*30 

26*56 

• o 

30*47 

3*52 

3*39 

10*48 


Pb 6*78 aa 100-00. 

. 

25*77 

23*94 

188 

87*98 

0*86 

7*29 

0*62 

e m 

« 99*34 

. 

26*33 

16*63 

7*31 

38*63 

4*89 

3*76 

2*37 


» 98*71 

. 

26*83 

13*46 

10*19 

40*60 

466 

3*69 

0*60 

* « 

quarts 0*41 as 99*44 

1 

25*48 

17*76 

11*55 

3073 

1*42 

2*53 

10*53 

• . 

• 100 

J 

23 34 

18*48 

3*98 

35*90 

4*90 

1*01 

trace 

7*52 quart* 2*73 = 97*86 

\ 

24*37 

25*48 

trace 

30-58 

1*46 

* • 

0*09 

16*69 

a 98*58 


100*37 


Most of these analyses agree nearly with the general formula above given. 

When the mineral contains much silver, it is called Potytelite, Sifberfakl-ore, or 
Wi ixag H tiger z. A variety of this mineral, which occurs massive and fine-grannlur, of 
specific gravity 5*438 and 6*465, at the “Hoffhung Gottes” mine, near Freiberg, con- 
tains 36 to 38 per cent, lead, together with 22*53 S, 22*39 Sb, 5*92 — 573 Ag, 3*72 — 
3*83 Fe, 3*15 — 6*7 Zn, 0*19 — 0*32 Cu « 100. In this mineral the sulphur- ratio for 
the bases and fluids is 3 : 2 ; but it may be regarded as tetrabedrite, if some of the bases 
are reckoned as impurities. 

An ore from mine Altar, near Coquimbo, was found by Field (Cheni. Soc. Qu. J. iv. 
332) to contain 30*35 per cent. S, 3*91 As, 20*28 Sb, 3672 Cu, 7*26 Zn, 1*23 Fe, 
0 075 Ag. and 0 008 Au. It is soft, of greasy Appearance, greenish-grey, slightly 
reddish, and yields a bright-red powder. Domeyko considers it impure, containing 
blende, pyrites, and galena. Ettling observes that it is analogous in constitution rather 
te onargite than to tetrahedrite, corresponding to the formula 4M s S.(Sb* ; As*)S B . 

Aphthonite , or Aftonite , from Wermland, Sweden, has a steel-grey colour, and black 
streak ; hardness = 3 ; specific gravity = 4*87. It gives the formula 7M*9. 
(Sb’; Aa s )S 9 . 

Annivite is a massive ore from the Anniviersthal in the Valais, containing (after 
deduction of 9*4 per cent, of quartz) 26*22 per cent. S, 12*10 As, 971 Sb, 6*46 Bi, 
39*26 Cu, 4*15 Fe, 2*22 Zn =» 99*21, which agrees nearly with the formula 8 M’S. 
fSb 1 ; As 2 ; Bi 2 )S B ; but the mineral does not appear to have been completely examined. 
Kinngott ( Ueberaichty 1855, p. 120) regards it as an impure tetrahedrite, 

Tcnnantite , which is a sulpharsenite of copper and iron, isomorphous with tetrahedrite, 
is by some mineralogists regarded as a variety of the latter ; but its composition 
docs not agree with the formula 4M 2 S.As*S B , but rather with 7M 2 S.2As a S . (See 
Tknnaxtite, p. 720.) 

For a full discussion of the formula of tetrahedrite, see Rammelsberg's Mineral - 
chemie (pp. 90 — 99). 

Large tetrahedral crystals of tetrahedrite, having mostly a rough dull surface, are 
found in the Cornish mines near St. Austel. More brilliant and highly modified 
crystals occur at Andreasberg in the Harz, Kremnitz in Hungary, Freiberg in Saxony, 
Kapnik in Transylvania, and DiUenberg in Nassau. (Dana, ii. 82.) 

TaTBAMXKCVSAafMOirnnK. See Mxbcubt-hasks, Ammoniaoal (iii. 
917). V 

TSTgAMETBTLAMMOVZVM. N(CH*) 4 .— Most of the compounds of this 
base have been already described (iii. 999). Stahlschmidt (Pogg. Ann. cxix. 421 ; 
Jalireab. 1863, p. 403), by treating tri-iodide of nitrogen, or tri-iodamide, NI*. # with 
au excess of methyfic iodide, has obtained penta-iodide of tetramethyl- 
ammonium, together with iodoform : 

2NI» + 9CH*I - 2N(CH*) 4 I» + CHI* + 2HI. 

The brown liquid resulting from the reaction, is almost wholly soluble in boiling 
absolute alcohol ; the solution, on cdoling, deposits green crystals of the pentaiodide ; 
and the mother-liquor, on further evaporation, yields iodoform. — If the liquid con- 
tains free ammonia, protoiodide of tetramethylammonium is likewise formed, 
fjnd unites with the iodoform, producing the crystalline compound, C B H ,4 NI 7 — 
N(CH*)«L2CHI* ^ 

The pentaiodide of tetramethylammonium easily gives up 4 at. of its iodine to 
alkalis and reducing agents. With aqueous potash, it forms a yellow solution, which 
contains the protoiodide, together with iodide and iodate of potassium, and, when 
treated with acids, again yields the pentaiodide. 


__ St*h1acbiBidt And* that when a solution of Iodine In absolute alcohol, aaturated at ordinary tem- 
peratures, U mixed with 3 or 4 vol«. of strong aqueous ammonia, tba resulting precipitate, alter 
. ,"J u * h waahtnf with cold water, has the composition oftrl-todamtde, Nl»i but If the todlne- 
■niutlon be mixed with 2 or 3 tola or a aaturated solution of ammonia In absolute alcohol, the precisiU 
ut *» after being well washed with absolute alcohol, consists of d I - I o d am i d e, NHP, 
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On mixing a warm, saturated, alcoholic solution of the pentaiodide with aqueous 
ammonia, or heating the pulverised compound with strong aqueous ammonia, or 
mixing an alcoholic solution of iodine with iodide of tetramethylammonium and 
ammonia, a brown-black or dark-green explosive compound is formed, consisting of a 
, compound of tri-iodide of tetramethylammonium with di-iodamide: » 

N(CH l ) 4 I , .NHI a , or less probably of di-iodide of tetramethylammonium and tri- 
iodamide, N(CH s yi*.NF. This compound may be dried without decomposition, if the 
drying be carefully conducted ; but it explodes easily when touched with a feather, or 
with oil of vitriol, or when heated above 100°. It is insoluble in water and in dilute 
alcohol ; but hot absolute alcohol dissolves it, apparently with decomposition, and 
formation of tetramethylammonium-pentaiodide. — Nitrate of silver removes all the 
iodine in the form of silver-iodide. The compound is decomposed by boiling potash* 
ley f with formation of a small quantity of iodoform. With sulphydric acid it decom- 
poses in the manner shown by the equation : 

C 4 HTO + 3H*S = N(CH*) 4 I + NH 4 I + 3HI + S* 
Hydrochloric acid also decomposes it, with separation of iodine. (Stahlschmidt.) 

TBTSAMlTHTL-BTBTLXmB. When 1 vol. ethylenic bromide is heated 
with 2 vols. methylic sulphide to 100°, the two bodies gradually unite into a crystal- 
line mass, consisting of tetramethyl-ethylene-sulphobromide, » 

(CUP)" (fir 2 » wllicil dissolves easily in water, and separates therefrom, by evaporation 

in a vacuum, in well-defined crystals. This compound dissolves in all proportions of hot 
water, lees freely in alcohol, not at all in ether, and is precipitated by ether from the 
alcoholic solution, in white prisms. When treated with a silver-salt, it forms, together 
with bromide of silver, a cry stalli sable very deliquescent compound. With recently 
precipitated silver-oxide, it yields a caustic alkaline solution, containing the oxide 
(CH“) 4 (C 2 H 4 )S 2 0. The deliquescent hydrochlorate forms, with platinic chloride, the 
double salt (CH , ) 4 (C 2 H 4 )S*ClM > tCl 4 . (Cahours, Compt. rend, lx, 020, 1147 ; Jahresb. 
1865, p. 477.) 

TBTBABXTBON'.APBTBABBBrB. C lft H 4 (NO a ) 4 .— Trinitronaphthalene (ir. 
15), treated with fuming nitric acid in sealed tubes, is converted into tetmnitronaph- 
thalene ; and both nitro-compounds, when acted upon by iodide of phosphorus, yield 
iodides of polyatomic bases, analogous to iodide of picrammonium (iv. 640). (Laute- 
mann andD’Ajuiar, Bull. Soc. Chim. 1864, i. 431.) 

TSTBAPBOSPB&MIO ACSDS. (Gladstone, Proc. Eov. Soc. xv. 515.) — 
These aro amic acids derived from tetraphosphoric acid, I > 4 H a O ,s (the acid of Pleit- 
mann and Henneb erg’s phosphates, iv. 537), and produced by the action of water on 
the compounds of phosphoric oxychloride with ammonia.* — Tetraphosphotetramic acid, 

P 4 (NH*) 4 H 2 0®, or | q*, i8 a solid stable body, insoluble in alcohol, but soluble in 

water, and combining readily with bases, the amount of replaceable hydrogen appear- 
ing to vary from 1 to 6 atoms. 


£\* 


Triammoniated Tetraphospkodiamic Acid, P^NH^NEP^HO 11 a H A [ 

(NH 4 )*j 

a viscid liquid, insoluble in alcohol, but very soluble in water. It forms a liquid 
compound with ammonia, but metallic salts appear to break it up into a variety of 
bodies. By the action of heat, boiling water, strong acids, or alkaline carbonates, it 
may be converted into tetraphosphotetramic acid. Among the bodies formed from it 
when heated alone, is a white substance, insoluble or nearly so in cold water, and 
having the same composition as ammonium-metaphosphate, PNHK)* ; this substance 
is at once transformed, by hot water or dilute acids, into pyrophosphodiamic acid. 

Tetraphosphopentazoiic Acid , P'N 4 H fl O T , is formed when oxychloride of phosphorus 
is fully saturated with ammonia, and the resulting mass is heated to about 230°, and 
washed with cold water. It is an insoluble body capable of decomposing metallic 
salts, and contains 1 at. of hydrogen replaceable by potassium or ammonium. 
When treated with slightly acidulated nitrate of silver, it yields a tetrazotic salt, 
I H N 4 H 4 Ag*0 T ; which, when decomposed by mineral acids, yields tetraphosphotetramic 
acid and other compounds. [For the discussion of the rational formulae of all these 
compounds, see the original paper above cited.] 

TBTEAPBOflPHATlS. This name may he applied bo one of the classes of 
phosphates discovered by Fleitmann and Henneberg, namely M*P*O w (iv. 537). 

* Phosphoric oxychloride tbsorbs either 9 or 4 molecules of imroonU, forming white eolid*, probaMf 
constating of sal-ammoniac, mixed, in the dna case, with P(NH*)Cl*O f and In the other with 
r(UH*pC10. (Gladstone.) 
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MflTSABVUPBOSZfllVTUmO ACZO. C la H*,4H*S0* — An acid 

f »mied together with trisulphodiphenylenic acid, C l *H*.3H*S0 4 , by heating Bulphate 
of dh.zibenzidine (tetrazodiphenyl) with strong sulphuric acid (iv. 413). 
9STRA.THX01TX0 ACX9. See Sulphpb, Oxygen-acids of (p. 641). 

TBTBASODXVBBVY&. C 15 H*N 4 . Syn. with Diazobrnzidine (iv. 412). 

TETRAZODZFBSNTL-AKIDOBSirXOL. Syn. with Diazo- 

hkxzidinb-Anu-inb (iv. 413). 

TSTBAKOSZFBBinriZMXBB. N*H 3 (C ,2 H«K 4 ) ,y - — A compound produced by 
the action of aqueous ammonia on perbromide of diazobenzidine (iv. 412). 

TETBAPBTLZVB. Syn. with triphyline. (See Phosphates, iv. 672.) 

TETSBNS. Syn. with Tetkylene. 

tstRSTBYLAMMONZUM. N(C*H 5 ) 4 . ' Most of the compounds of this base 
In ve been already described (ii. 661).— A chloriodide, N(C*H 4 ) 4 C1*I, is produced by 
a'idin**' aqueous protochloride of iodine to a solution of chloride of tetrethylammomum 
in dilute hydrochloric acid. On gently heating the liquid, and leaving it to stand, tlio 
chl u’iodide is deposited in large fern-leaf crystals, belonging to the regular system. 
1, is more soluble in dilute hydrochloric acid than in water, which latter causes 
, Worn position. The solution reacts like protochloride of iodine. (W. A. Tilden, 
t'lioiu. .Sue. J. xix. 145.) 

flic following compounds of tetrethylammomum with metallic acids have been 
examined by Al. Classen (J. pr. Chem. xciii. 446 ; Jahresb. 1804, p. 420) : 

Tungstate, (C 8 H"°N)*0.2WO* .... deliquescent. 

Molybdate, (C 8 H 34 N)*0.2Mo0 3 .3H*0 . . deliquescent. 

l(C 8 IT iu N) 2 0.6Sn0 3 .H*0 J J insoluble quadratic 

.Stannates, ,7S n 0 2 .H 2 0 { ‘ * } octahedrons. 

Neutral chromate, (C*H-*N)*O.CrO* ... not crystallisable. 

Bichromate, (C 8 H M N) a 0.2Cr0 s . . . . prismatic crystals. 

Arsenate, (C 8 H"N)*O.As 2 0* .... crystalline. 

Antimonate, 2(C 9 H a »N)*0.Sb a 0* . . . deliquescent. 

Most of these salts are obtained by treating the metallic acid with a solution of the 
imsu ; the chromate by decomposing chromate of silver with hydrate of tetrethylammo- 
xiium. Whon heated, they yield offensive-smelling products, the dichromate decom- 
posing explosively. # 

XETRYL, or BUTYL. C 4 H # . — The fourth alcohol-radicle of the series C"H*“ 

In the free state, its molecule contains CH”, so that it is isomeric, or perhaps identi- 
cal (iii. 182), with octylic hydride, C 8 I1 IT .H. It was first isolated by Kolb c (Chem. 
Sou. M*m. iii. 278 ; Chem. Soc. Qu. J. ii. 157), who obtained it by tho electrolysis of 
valerianic acid, and named it Valyl ; Wurtz (Ann. Ch. Pharm. xcin. 112 ; xcvi. 
36 1 ) afterwards obtained it by the decomposition of tetrylic iodide, and examined its 
prupfrlies more fully. . 

Preparation.— 1. By the action of Potassium or Sodium on Tetrylic Iodide .-- 100 ptfl. 
of tetrylic iodide and 13 or 14 pts. of sodium, are introduced into a flask, provided with 
an upright condensing-tube kept cool by ice- water. The action begins at ordinary 
temperatures, with evolution of heat, the sodium swelling up, and gradually be- 
coming covered with a blue crust. As the action slackens it must be accelerated by 
external heat, and the liquid kept boiling till the blue colour of the sodium has disap- 
peared, and the flask contains a white mass of sodium-iodide saturated with tetiyl. 
The totryl is then distilled from the flask, and the distillate rectified over sodium, till 
the metal completely retains its lustre in the boiling liquid, and is no longer* ^tacked. 
The portion which, in the last rectification, distils over between 105 and 108 IS JJtire 
tetiyl. When potassium is used, a considerable quantity of the tetryl is resolved into 
tetrylic hydride and tetrylene i CH 1 * - C 4 H” 4* CII". (Wurtz.) 

2. By the Electrolysis of Valerianic Acid : 

2C*H.**0* — C*H 18 + 2CO* 4- H*. 

—Wien an electric current of four Bunsen’s cells is passed through a cold saturated 
solution of potassic valerate ^hydrogen, carbonic anhydride, and } etr V e ™ 
evolved, and an oily liquid rises to the surface, consisting of tetryl and tetry be vale- 
rate. On boiling this liquid with an alcoholic solution of potash, valerate of potas- 
sium gradually separates, while the tetryl remains dissolves in the tdc< \ 1 irri ^ I 
and may be purified by washing with water, drying over chloride of calcium, ana. 
rectification. (Kolbe.) . , . 

I’ropertie*.— Tetryl is a colourless oily liquid, haring a faint but ag»«*le 
and a slight taste, with burning aftertaste. Specific gravity ** 
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(Sol be); 07186 at«° (Kopp); 0-7067 atO° (Wort*). It. expan«km. eoafflei M t 
(between 11® end 88°), ie, according to Kopp: «wnei«,i 

0*00121252 + 0*000000279332* + 0000000016297**. 


It boils at 108° (Eolbe) ; at 108*5° (Wurtz) ; at 106° under a barometric pressure 
of 745mm. (Kopp), and distils completely without decomposition. Vapouivdensitv 
- 4*053 (Eolbe) ; 4*070 (Wurtz); 4 07 and 3*88 (Or. Williams); the calculated 
Value (C*H 18 — 2 vole.) is 3 95. 

Tetryl is insoluble in water, but mixes in all proportions with alcohol and ether. 
None of the tetryl-compounds can be directly prepared from it. — Chlorine and bromine 
act upon it, but form substitution-products. — With pentachloride of antimony it yields 
hydrochloric acid and chlorinated products not yet examined. — Pentachloride, of 
phosphorus is decomposed by it only after long boiling, with formation of trichloride 
of phosphorus, chlorinated tetryl, and hydrochloric acid. When the vapours of iodine 
ana tetryl are passed together over spongy platinum heated in a tube to 300°, a large 
quantity of hydriodic acid is formed, together with a small quantity of an iodised 
organic substance, probably a substitution-product. — Hydrochloric acid has no action 
upon tetryl, either at ordinary temperatures, or at a temperature near that of boilinc 
oil. (Wurtz.) b 

Tetryl forms compounds with other alcohol-radicles. 

Te try 1-ethyl, C 6 H 14 — C 4 H*.C 2 H*, obtained by the action of sodium on a mix- 
ture of tetrylic and ethylic iodides, has been already described (ii. 625). 

Tetryl-amyl, C*H M =* C 4 H B .C 5 H 11 , is prepared by decomposing a mixture of 
tetrylic and amylic iodides with sodium, in the manner described for the .preparation 
of tetryl. The greater part of the resulting liquid distils over between 130° and 14(P, 
and, byrepeated fractional distillation, pure tetryl-amyl is obtained as a colourless liquid, 
boiling at 132°, having a specific gravity of 0*724 at 0°. Vapour-density = 4*46 (calc. 
« 4*42). (Wurtz.) J V 

Tetryl-nexyl, C ,0 H M =* C 4 H B .C*H lB , is obtained by the electrolysis of a mixture 
of mnanthylate and valerate of potassium. The oily liquid, which collects on the sur- 
face of the aqueous solution, is a mixture of several hydrocarbons ; and when subjected 
to fractional distillation, yields, between 100° and 140°, a liquid containing tetryl-hexyl, 
which, when further rectified, boils between 156° and 160°, and exhibits a vapour- 
density of 4*91 7 (calc. — 4*907) ; but it has not been obtained pure. 

TBTRTXi, ACETATES OF. CFH^O 3 . — There are two ethers having this 
composition, the one corresponding with primary, the other with secondary tetrylic 
alcohol (infra). 

Primary Tetrylic Acetate , C 4 H*.C 3 H # 0* — * fl P r0 ^ uce< ^ by distilling 

equivalent quantities of dry acetate and tetrylsulphate of potassium, or by heating 
normal tetrylic iodide with a slight excess of silver-acetate in a glass tube, and 
distilling off the resulting liquid. The distillate is purified by washing with a dilute 
solution of sodic carbonate, then dried over chloride of calcium, and rectified. It is a 
colourless liquid, of agreeable odour, specific gravity « 0*844 at 16°, and boiling at 
114°. Vapour-density =* 4*073; calc. = 4*017. By prolonged boiling with potash, 
it is resolved into acetic acid and normal tetrylic alcohol. (W urtz, Ann. Ch. Pharm. 
xciii. 121.) 

Secondary Tetrylic Acetate is produced, together with tetrylene, by heating secondary 
tetrylic iodide (obtained from erythromannite, p. 736), with acetate of silver in sealed 
tubes. On distilling off the tetrylene, the secondary tetrylic iodide remains, and may be 
purified like the normal ether. It is a colourless liquid, boiling at 111° to 113°, 
and having a strong, agreeable, aromatic odour, but not fruity, like the primary acetate. 
(Do Luynes, Jahresb. 1864, p. 501.) 

TETXTL ALOOBOL8. C 4 H ,B 0. — In the article “ Secondary and Tertiary 
Alcohols ” (p. 216), it is observed that there are three possible tetryl or butyl alcohols, 
represented by the following formula ; — 


/CH*CH 3 CH* 

/CHKJH* 

1 

(CH 1 

H 

c CH* 


CH* 

H 

C j H 

Lh 

CH* 

OH 

lOH 

’ • | 

OH 
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Secondary. 

Tertiary. 


An alcohol having the composition G 4 H ,f O, is produced, together with ethylic and 
amylic alcohols, in the fermentation of sugar, and is found in the fusel-oil obtained from 
mangold-wurcel, and sometimes in that obtained from potatoes. This, which was dis- 
covered by Wurfcs in 1852 (Compt. rend. xxxv. 210; Ann. Ch. Pham, xciii. 107), 
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and is distinguished aa tetiylicor butyiio alcohol of fert&entataon, is a primary alcohol. 
Another primary tetryl alcohol has been obtained by Schoyen (Ann. Ch. Ph&xuu 
233), by heating chloride of tetryl prepared from ethyl (p. 734) with acetate of 
potassium and glacial acetic acid, whereby it is converted into tetrylic acetate, and 
distilling this compound ether with baryta-water. Respecting the difference of struc- 
ture of these two alcohols see the Supplemental Volume. ^ 

A secondary totrylic alcohol is produced by distilling the iodide or the acetate of 
tetryl obtained from erythromanmte, with potash. 

a. Tetrylic Alcohol of Fermentation , C 4 H ,0 O » Hydrate of 2b- 

trt/l. (Wnrtz, loc. cit.) — This alcohol was first obtained from potato-fusel-oil, in 
winch, however, it is not always present. It is best prepared by subjecting the fusel- 
oil obtained in the rectification of mangold- wurzel molasses to fractional distillation, 
the portions which distil over between 80° and 105°, 106° and 115°, 116° and 126°, 
being collected apart. The first portion is washed with water, and the separated oily 
layer repeatedly rectified, the portion which passes over at 104° being each time 
collected apart. The latter is mixed with the portion which distilled over between 
105° and 115°, and with that part of the lust fraction (between 116° and 125°) which, 
when the latter was repeatedly rectified, passed over below 115°. The whole of the 
distillates obtained between 105° and 11 5° are then mixed together, and boiled for 
forty-eight hours with a concentrated solution of caustic potash, in such a manner that 
the vapours may be condensed and allowed to run back again. The impure tetrylic 
p.leohol is then distilled over ; separated from the water which passed over with it ; 
afterwards mixed with half its weight of quicklime, to dehydrate it more completely, and 
distilled off after standing for twenty-four hours ; this distillate is repeatedly rectified 
und the portion which pusses over between 108° and 110° is collected apart: if the 
boiling-point remains within theso limits during the distillation, the tetrylic alcohol 
thus obtained is very nearly pure. The process of rectification may be considerably 
abridg' d by interposing between the flask and the condensing apparatus an upright 
tube with two bulbs, and having a thermometer inserted into its upper part; the less 
volatile portions then condense on the sides of the tube, and run back into the flask, 
••hereby the separation of the more volatile portions is greatly facilitated. (Wurtz.) 

For complete purification, the tetrylic alcohol is converted into iodide of tetryl, 
which boils at 1*21°, and is easily separated, by fractional distillation, from iodide of 
H hyl boiling at 74°, and iodide of nmyl at 146° ; the iodide of tetryl is converted into 
acetate by treating it with acetate of silver ; the acetate of tetryl decomposed by con- 
tinued boiling with strong solution of potash, the vapours being condensed and made 
to run back ; and the tetrylic alcohol thereby separated, is deocunted and rectified 
over caustic baryta. 

Prop* r ties . — Tetrylic alcohol is a transparent colourless liquid, more mobile than 
aniylic alcohol, and having ail odour similar to that of the latter, but less pungent and 
more vinous. It does not turn the plane of polarisation of light. Specific gravity ■■ 
0*8032 at 18*5°. Boiling-point *» 110°. Vapour-density, obs. » 2*689; calc. = 2*606. 

Tetrylic alcohol dissolves in 10 J times its weight of water at 18°, and is precipitated 
then-from, as an oily layer, on addition of chloride of calcium, chloride of sodium, or 
any other easily soluble salt. It dissolves chloride of calcium , forming a crystallumble 
compound; also recently fuBed chloride of zinc , forming a syrupy liquid. 

Decompositions. — 1. Tetrylic alcohol takes fire on the approach of a burning body, 
and burns with a bright flame. — 2. Potassium decomposes it, with evolution of hydro- 
gen, forming tetrylate of potassium, C 4 H 9 KO. — 3. Caustic potash , in a state of fusion, 
converts it into butyric acid, with evolution of hydrogen, and formation of a butyrate. 
When dropt upon soda-lime heated to 260°, it is likewise decomposed, with evolution of 
hydrogen, ana formation of a butyrate. — 4. Hvdrocklorh acid heated in a sealed tuba 
with tetrylic alcohol, converts it into chloride of tetryl (p. 734). — 6. Pentachloride 
and oxychloride of phosphorus likewise convert it into cnlonde of tetryl. — 6. Bromine 
and phosphorus, added alternately in Bmall portions, convert tetiylio alcohol into 
bromide of tetiyl, with evolution of hydrobrumic acid (p. 734). — 7. Similarly, iodine 
and phosphorus give rise to the formation of iodide of tetryl (p. 736). — 8. Oil of 
vitriol acts violently on tetrylic alcohol, the mixture becoming very hot and strongly 
coloured, while sulphurous acid is evolved, and an oily layer separates out, consisting 
chiefly of hydrocarbons polymeric with tetiylene. When the alcohol is rapidly mixed 
with excess of oil of vitnol, great heat is produced, and gas is given off in small quan- 
tity, which may, however, be increased by external heating ; it consists chiefly of 
totrylene, together with sulphurous and carbonic anhydrides. When tetrylic alcohol is 
gradually mixed with an equal volume of oil of vitriol, and the vessel kept cool, tetayl- 4 
sulphuric acid is produced. — 9. Tetrylic alcohol heated with excess of zinc-chloride is 
decomposed, with formation of tetrylene, hydride of tetryl, and other less volatile 
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hydrocarbons. — 10. With eWorld* of cyanogm t tetrylic alcohol forma chloride of tetryl 
and tetrylic urethane : J 

2C 4 H J *0 + CKC1 - C 4 H f Cl + C J H ,l NO*. 

If the tetrylic alcohol, aa is generally the case, contains a little water, carbonate of 
tetryl and sal-ammoniac are formed at the same time : 

2C 4 H 18 0 + CNC1 + H*0 - (tfH^CO 8 + NH'Cl 

(E. Hermann. Ann. Ch. Pharm. xcv. 256). — 11. Tetrylic alcohol obtained by fermen- 
tation yields, by distillation with sulphuric acid and potassic dichromate , a mixture of 
butyric and propionic acids with the corresponding aldehydes (M ic h aelson, Jahresb. 
1864, p. 336). The alcohol obtained by Schoyen from tetrylic chloride, as above 
mentioned, also yields butyric acid when subjected to the same treatment. 

Secondary Tetrylic Alcohol. (Du Luynes, Ann. Ch. Pliarm. cxxviii. 330, 
cxxxii. 274; Jahresb. 1863, p. 503 ; 1864, p. 501.) — This alcohol is produced by the 
action of moist silver-oxide on the tetrylic iodide obtained by the action of hydriodic 
acid on orythromannite (ii. 505), or, better, by heating the tetrylic acetate obtained 
by decomposing this iodide with acetate of silver to 100° for thirty hours. The alcohol 
then separates as an oily layer on the surface of the liquid, and may be purified by 
drying with carbonate of potassium, and rectification, finally over lumps of sodium. 
It is a colourless liquid, having a strong odour and burning taste, a specific gravity of 
0*85 at 0°, and boiling at 96° — 98° (about 10° lower than tho normal alcohol). It 
mixes in all proportions with alcohol and ether ; dissolves also in water , and is precipi- 
tated from the solution by carbonate of potassium ; it dissolves chloride of calcium. 
It absorbs hydriodic acid , forming secondary totrylic iodide, identical with that produced 
by the action of hydriodic acid on erythromannite. — With bromine it forms a heavy 
liquid, which strongly attacks the eyes, and varies in boiling-point from 110° to 158 5 . 

Secondary tetrylic alcohol, when heated for some hours to 260°, is for the most p»rt 
resolved into water and totrylone. The corresponding iodide gives off tetryleno when 
distilled with alcoholic potash. These tetryl-compounds, therefore, liko the ^-hexyl- 
compounds (iii. 152), with which they are homologous, show a groat tendency to give 
up their olefine. In this respect they appear to react more like compounds of tetryleno 
than of tetryl, and as such they are, in fact, regarded by De Luynes, — the alcohol as 

C 4 H B .H 2 0 or C*H 8 j ; the iodide as C 4 H 8 .HI. But the property of readily giving 

up the olefine does not afford a decisive argument in favour of this view, inasmuch 
as the same property is possessed, though in a less marked degree, by tho primary 
alcohols C n H‘ n+ ^0, all of which, when treated with oil of vitriol or other strong 
dehydrating agents, are resolved into water and the olefine. 

TBTRTL, B&OXttXBZ! OF. C<H 9 Br. (Wurtz, Ann. Ch. Pharm. xciii. 114.)— 
This compound is prepared by the action of bromine and phosphorus on fermentation 
tetrylic alcohol. A few drops of bromine are added to the alcohol ; a small piece of 
phosphorus thrown in, the liquid being kept cool and shaken till the colour of the bromine 
is destroyed ; tho addition of bromide and phosphorus then repeated ; and so on con- 
tinually, till vapours of hydrobromic acid are abundantly evolved, and a quantity of 
bromine has been added at least equal to that of tho tetrylic alcohol. The liquid is 
then distilled at a temperature not exceeding 100°, and the resulting vapours are passed 
into a flask containing water, which dissolves the hydrobromic acid, while the impure 
bromide of tetryl collects at the bottom. The latter is washed with water, dried with 
a little chloride of calcium, and rectified; that which passes over at 89° is pure bromide 
of tetryl. 

It is an oily liquid, having an ethereal odour, and boiling at 89°. Specific gravity 
1*274 at 16°. Vapour-density, obs. *= 4*720; calc. = 4*749. 

Potassium decomposes bromide of tetryl, slowly at ordinary temperatures, but vio- 
lently when heated. When the two substances are heated together in a sealed 
tube, decomposition begins as soon as the potassium melts, a large quantity of gas 
(probably tetrylene and tetrylic hydride) being evolved, and the tube exploding with 
violence. — Ammonia acts slowly on bromide of tetryl at ordinary temperatures, 
forming hydrobromate of tetrylamine. (Wurtz.) 

TflTETL, OAXBOITATB OF. See Carbokic Ethers (i. 801). 

TITBI&i OBLOBZD1 OF. C 4 H’C1. (Wurtz, Ann. Ch. Pharm. xciii. 
113.) 

Prepared: 1. By the action of hydrochloric acid on tetrylic alcohol. When the 
alcohol is saturated with hydrochloric acid gas, and the liquid sealed up in a glass 
tube is heated in the water-bath, a large quantity of chloride of tetryl is produced, 
and may be obtained pure by washing the product with water, distilling, and separating 



the portion which goes over between 70° and 75°.— 2. By the action of pentachloride 
or oxychloride of phosphorus on tetrylic alcohol. The alcohol is placed in a flask 
with a long neck, which must be kept very cool, and the chloride of phosphorus added 
by small portions. Violent action takes place, attended with great evolution of heat, 
and the pentachloride is converted into oxychloride, which then acts on the last por- 
tions of tetrylic alcohol. The oxychloride may also be used from the beginning 
instead of the pentachloride, in which case the action is loss violent. In eithor case, 
the contents of the flask must be left to stand for 24 hours, and then distilled, the 
portion which passes over below 100° being collected apart; this portion is then 
washed with water, dried over chloride of calcium, and rectified, collecting separately 
the portion which distils over at 70°. — 3. By the action of chlorine on tetrylic hydride. 
(Pelouze and Cahours.) 

4. By distilling amylic alcohol with calcic hypochlorite (120 gram, amylic alcohol 
with 1,500 grins, bleaching powder, and 2,500 grms. water). The oily distillate 
yields, after fractionation, about 20 grms. of a liquid boiling between 62° and 04° ; and* 
on treating this with oil of vitriol, and afterwards with potash (to remove chloroform), 
pure tetrylic chloride is obtained. (F. Gerhard, Ann. Ch. Fharm. cxxi i 363; 
Jahresb. 1862, p. 409.) 

Chlorido of tetryl is a liquid lighter than water, and having an ethereal odour, 
recalling also that of chlorine: specific gravity « 0*88 (Gerhard). Boiling-point 
about 70°. It is rapidly decomposed by potassium, with rise of temporature and 
evolution of gas (Wurtz). Chlorine converts it into trichloride of carbon. 
(Gerhard.) 

TETRTL, CTAVXM OF. See Cyanides (ii. 272). 

fETklli, FORMATS OV. See Formio Ethers (ii. 696). 

TETRTL, HTSRATB OF* Normal tetrylic alcohol, CHMI.O (p. 732). 

THTRTL,HTDRIDaOF. C'H" - C*HUI. -This compound, discovered by 
Wurtz (Ann. Ch. Phnrm. xciii. 112), is produced, together with tetrylrne, by heating 
tetrylic alcohol with excess of zinc-chloride. When the gaseous mixture thus evolved 
is passed, first through a tube surrounded with ice and inclined upwards, to condense 
the less volatile hydrocarbons formed at the same time, and allow them to flow back again 
—then through a tubo surrounded with a freezing mixture, a very volatile, mobile, 
colourless liquid condenses in this tubo, and on being removed from the freezing mix- 
ture, quickly evaporates, yielding a mixture of about equal volumes of tetryl eno and 
tetrylic hydride. The tetrylene may be absorbed by a coke-ball saturated with 
sulphuric anhydride, and tetrylic hydride then remains nearly pure. 

Tetrylic hydride is ono of the constituents of American petroleum, being found, 
according to Pelouze and Cnhours (Ann. Ch. Phys. [4], i. 6), in the m oh t volatile 
portion of the oil, boiling between and 10°. Ronalds (Chem. Soc. J. xviii. 64), 
by subjecting the portion which distilled between 0° and 4° (containing tetrylic 
hydride with smaller quantities of tritylic and ethylic hydrides), to fractional distilla- 
tion, and collecting the distil lato in a well-cooled receiver, obtained the tetrylic hydride 
in a state of purity. It is a very mobile liquid, having a sweetish odour, a specific 
gravity of 0*60 at 0°, and vapour-density «* 2*11 (calc. = 2’00G). It burns with a 
ydlow, faintly luminous flame, is insoluble in water, but, dinsoIveH in alcohol and in 
ether. Alcohol of 98 per cent, absorbs 11 or 12 times its volume of the vapour. When 
1 voL of the vapour is mixed with 2 vols. chlorine-gas, chlorido of tetryl condenses, 
and 2 vols. hydrochloric acid gas are produced. — The portion of American petroleum 
distilling between 6° and 8° is & mixture of tetrylic and amylic hydrides, 
(Ronalds.) 

TETRTL, IOBXDBB OF. cl Primary tetrylic iodide, C 4 HM, is produced by 
the action of phosphorus and iodine on fermentation tetrylic alcohol. 1*5 pfc. iodine 
is added to 1 pt. tetrylic alcohol in a vessel surrounded with cold water, and a 
quantity of phosphorus (equal to about fa of the iodine) added in successive small 
portions, the ^mixture being heated towards the end of the procoss. The dark 
colour of the liquid then gradually changes to brownish-yellow, whilst liydriodic acid 
is abundantly evolved, which, together with a small quantity of tetrylic iodide that 
passes over with it, is received in a small quantity of cold water. As noon as the 
colouring produced by the iodine has disappeared, and the liquid is in full ebullition, 
it is left to cool, and that which remains in the distillation-vessel is washed, first with 
the aqueous hydriodic acid previously collected— whereby a email quantity of unrleoom- 
posed tetrylic alcohol is dissolved — and then with pure water; it is then dehydrated 
jnth chloride of calcium, and freed from the still remaining portion of tetrylic alcohol, 
by treating it while warm with pulverised iodide of phosphorus, till the latter crystal- 
h*os out on cooling. The liquid is then distilled, and the distillate is washed with water, 
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dehydrated over chloride of calcium, and' rectified, the portion u rhbft 

between 118 ° and 122° being collected, 01 » 

Tetiylic iodide is colourless when recently prepared, but soon turns brown k. 
posure to light. It refracts light strongly ; boils at 121°; but when a SUZft 
water and iodide of tetryl is distilled, the thermometer, at the beginning of thedfn 
lation, when the tetiylic iodide chiefly passes over, indicates only 88° to 89° sS‘ 
gravity I *04 at 19°. Vapour-density = 6 217 (calc. - 0*344). 

Tetrylic iodide bums with difficulty , and only in contact with a burning body* the 
combustion is attended with evolution of iodine-vapours. It is but slowly attacked 
by aqueous potash, even when boiled therewith for some time; but alcoholic potash 
decomposes it, with formation of tetrylic alcohol and iodide of potassium. — Potassium 
decomposes iodide of tetryl, yielding tetryl and iodide of potassium. — With tc try late 

of potassium, C 4 H*KO, it forms tetiylic ether and iodide of potassium (p. 736). With 

oxide of silver, it forms tetrylic ether and iodide of silver. — With silver-salts (eg. the 
carbonate, sulphate, acetate, &c.) it forms iodide of silver and a bbznpound ether (ay. 
carbonate, sulphate, acetate, &c.) of tetryl. A solution of nitrate* of silver iB imme- 
diately precipitated by iodide of tetryl. (Wurtz.) 

0. Secondary Tetrylic Iodide, perhaps (OH 8 )" j^. (Do Luynes, Jahresb. 1862, 

P. 479 ; 1863, p. 503 ; 1864, p. 500).— This compound is produced by the action of 
hydriodic acid on erythromannite (ii. 605) : 

C 4 H ,# 0 4 + 7HI - C 4 H 9 I + 4H a O + 3P. 


Thirty grms. of perfectly dry (fused) erythromannite are slowly distilled with 350 to 
400 grms. of fuming hydriodic acid, of specific gravity 1*90. As soon as the liquid 
boils, the tetrylic iodide distils over, together with undecomposed hydriodic acid. It is 
purified by washing with potash-ley, then with water, dried over chloride of calcium, 
and rectified. With weaker acid (of specific gravity 1*70, 4pr example), a greenish 
product is obtained, which decomposes partially during rectification, and is best puri- 
fied by a second distillation with hydriodic acid. — 2. By the action of hydriodic acid 
gas on secondary tetrylic alcohol, &c. 

Secondary tetrylic iodide, when recently prepared, is colourless, and has an agreeable 
. ethereal odour. Its specific gravity is 1 *632 at 0°, 1 *600 at 20°, and 1*584 at 30°. It boils 
at about 118°. Vapour-density = 6*597 at 20 ° ; = 6*517 at 24°. It is insoluble in 
water, but soluble in alcohol ana ether. When exposed to light at a somewhat high tem- 
perature, it becomes coloured. — Chlorine decomposes it, separating iodine, and forming 
an aromatic liquid, which boils at 120° (probably C 4 H 8 C1 2 ), — With bromine it gives 
off iodine, and yields bromide of tetrylene, C 4 H 8 Br* 

MTRYL,SIT»ATB OP# C 4 H 9 N0 8 . (Wurtz, Ann. Ch. Pharm.xciii. 120.)— 
Prepared by mixing tetrylic iodide with a small* quantity of fused urea, and a slight 
excess of fused silver-nitrate. The reaction takes place immediately, accompanied by 
so much lieat that part of the product distils over; the rest must be afterwards 
volatilised, by heating the mixture to 1 40° — 150°. The distillate is purified by washing 
with slightly alkaline water, drying with chloride of calcium, and rectification. 


TTOT1, OXIDU OP*. C 8 H ,e O = (C 4 H B ) a O. (Wurtz, Ann. Ch. Pharm, 
xciii. 117.) — Produced; 1. By the action of tetrylic iodide on tetrylate of potassium. 
The product thus obtained is, however, difficult to purify from tetrylic alcohol, as the 
boiling-points of the two liquids differ but little from each other. — 2. A purer product 
is obtained by tho action of tetrylic iodide on oxide of silver. 

Ethyl-tetryfio ether , (C a H 4 )(C‘ , BL B )0» is produced by the action of ethylic iodide on 
tetrylate of potassium. It is a colourless fragrant liquid, having a specific gravity of 


TBTftTX, 8VIPBAT8 OS'. See Sulphuric Ethers (p. 629). 

TETRYL, BUL9BYSRATI OB# C*H 18 S « C 4 H*.H.S. Tetryl# or Buiylw 
Mercaptan. (E. Hermann, Ann. Ch. Pharm. xcv. 256 ; Chem. Soc. Qu. J.*viii. 274.) — 
Produced by distilling, at the heat of the water-bath, a mixture of aqueous sulphydrate 
of potassium and concentrated aqueous tetryl sulphate of potassium, the product being 
received in a well -cooled flask ; 


C’H*KS0 4 + KHS os C 4 H ,0 S + K?S0 8 . 

The oily liquid which condenses is decanted, placed in contact with chloride of calcium, 
and^dis tilled, the portion which passes over between 8 5° and 90° beinj ^ Hected 

Tetrylic mercaptan is & colourless very mobile liquid, having the peculiar disagree- 
able odour which characterises the mereaptans. Specific gravity « 0*848 at 11*5°. 
Vapouivdeusity » 3*10. Boils at $8°. It has no action on vegetable colours, is very 



«mrimrlv soluble in water, but freely in alcohol And ether \ it dissolves sulphur end 
tdine* It is very inflammable,. and bums with a pale-blue flame. — Dilute nitric 
odd acts veir strongly upon it, forming an oily liquid which floats on the surface. 

Potassium decomposes tefcrylie mercaptan, with evolution of hydrogen, and formation 
of a white granular tetrylmercaptide of potassium, C 4 H fl KS. Tetrylic mercaptan is 
also decomposed by several metallic oxides, or by the solutioua of their salts, forming 
trlrylmexcaptides : eg. with mercuric oxide : 

flC 4 H f *S + Hg"0 « COT^HgfW + H*0* 

The mercury-compound thus obtained forms white nacreous scales, which aw 
unctuous to the touch, and very fusible. It is decomposed by sulphydric acid, with 
formation of mercuric sulphido and tetrylic alcohol. — The. lead-compound, C*H M Pb'S\ 
is a yellow crystalline precipitate, formed on evaporating an alcoholic solution of 
te try lie mercaptan into acetate of lead.— The cupric and auric salts are white precipi- 

^TgTBT ^ A JflCj pr», C 4 H U N — ]ST.H f .C 4 H*. Butylamine. (W urtz, Ann. Ch. 
Pharm, xciiL 124.) — This base, produced by the action of potash on cyan ate or cyanu- 
rato of tetryl, is . metameric with diethylamine, N.H.(C a H*)*, ethy 1-dim ethylnmi no, 
N.C*TP.(CH S ) 2 , and mcthyl-tritylamine, N.H,CH 3 .C 3 U 7 . Petinine, a volatile base 
obtained by Anderson from the most volatile portion of bono-oil, is also isomeric, or 
perhaps identical, with tetrylamine. _ 

To prepare tetrylamine, 2 pts. of potassic tettylsulpliate are distilled with 1 pt. of 
recently prepared and perfectly dry potassic cyanato ; the pasty mixture of totrylic 
cranato and cyanuratc, which distils over, is dissolved in alcohol ; and the solution is 
boiled with fragments of caustic potash. Carbonate of potassium is then formed, and 
tetrylamine distils over, and*is condonsed in a small quantity of cold water acidulated 
with hydrochloric acid. The boiling is continued till tho residue fhses completely, 
and no longer gives off s&alino vapours. The resulting solution of hydrochlorate of 
tetrylamine is evaporated to dryness; and tho residual salt, freed by fusion from the 
water which it retains, is pulverised when cold, aod rapidly mixed with an equal weight 
of quicklime. This mixture is then introduced into a tube of hard glass, which must 
be tilled withut to about four-fifths ; tho upper part of tho tube is filled with fragments 
of caustic baryta ; a gas-delivery tube, bent at right-angles, is adapted to the^ laigor 
tube, and made to pass into a small flask surrounded with ice ; ana tho tube is care- 
fully heated in a combustion-furnace, from tho closed end onwards. The ovolvod 
tetrylamine is then completely dehydrated by the caustic baryta, and condenses in a 
cool o 1 flask. ^ . 

Tctrylamino is a transparent colourless liquid, having a strongly ammoniacal ana 
somewhat aromatic odour, and producing dense whito fumes with hydrochloric acid. 
It boils at 69° — 70° (petinino at about 70‘5°). It dissolves in all proportions of water, 
alcohol, and ether ; the aqueous solution smells like tho pure base, and is very caustic ; 
when concentrated it is somewhat viscid. ^ ^ ... 

Salts of Totry lamin o. — Most metallic solutions are precipitated by tetrylamine in 
the same manner a a by ammonia.— Tho cine, cadmium, and copper precipitates dissolve* 
in excess of the reagent ; gelatinous alumina likewise dissolves in excess of tetrylamine ; 
tho precipitates formed in solutions of chromium, nickel, and cobalt, are insoluble in 
cx-i-ss of tetrylamine. — With nitrate of silver , tctrylamino forms a tawny yellow 
precipitate, easily soluble in excess. Gelatinous silica dissolves in tctrylamino, 
and remains in the pulverulent and amorphous state when tho solution is evaporated. 

Hydrochloratc of Tetrylamine , C I H II N.HC1, crystallises in deliquescent needles, 
which melt below 100°; when exposed to the air, it gives off thick white fumes, and 
volatilises without residue.-— Tho chforoaurate, (20 4 H M N.IfCl).AuCl a , crystallises on 
evaporation in roctangular plates of a palo-yellow colour, melting and changing to 
orange-yellow at 100°. — Tho chloroplutinate , 2(C 4 H l, N.HCI).FtCl\ crystallises by 
ration jjja beautiful orange-yellow laminae, soluble in water and in alcohol. 
TBVIt y&8V8. C 4 II 9 . Butylene \ Bntyrme, Butene , Valyhne, IHtetryl. — %jii s 
hydrocarbon was discovered, in 1825, by Faraday (Phil. Trans. 1825, p. 440), who 
obtained it by compressing the illuminating gas produced by tho destructive distilla- 
ihm of fixed oils. 'Some years later, Kolbo (Ann. Ch. Pbarm. lxix. 269). obtained it 
by the electrolysis of valerianic acid ; and W urtz (Ann. Ch. Pbarm. xciii. 107) has 
f*h.» W n that it is a frequent product of the decomposition of tetryl-compourids, being 
f< micd especially in the dehydration of tetrylic alcohol by strong sulphuric acid or 
idorid sj|f f ine, and .as a secondary product of the action of potassium or silver-oxide 
,f i t eiiyTOiodid4 pait of the tetryl thereby set free being resolved into tctrjr^sne and 
b-tiylic hydrido (p. 735); it is formed also, in small quantity, in the dfcon^esition 
•famylic alcohol at a red heat. Lastly, I)e Luyn^s (Compfc. rend. Ivi. 1 1 7|U Anni* 
h. Phy$; [4L 1^355; Jahresb. 1863, p. 504; 1SA4, p. 600) has show# tWTft:.** 
Vol;, V. * 3 B • % 



TETRYLENE. 


produced bydewmposmg isotetrylic iodide (p. 786) with alcoholic potash or acetate 
ofsilver, isotetrync acetate being also ^produced in the latter case. 

Prepara&on t — 1* From Oil-gas , — Faraday obtained tetrylene by subjecting the 
illuminating gas* which was prepared in London some years ago by decomposing fixed 
oils at a moderate red heat, to a pressure of 30 atmospheres. 1,000 cubic feet of the 
• gas thus treated yielded about 4 litres of so-called empyreumatic oils, consisting chiefly 
of tetrylene and benzene. As the former of theBe hydrocarbons boils below 0°, it may 
be separated, in great part, by gnulually warming the mixture to 38° in a suitable 
distillatory apparatus connected with a receiver cooled to — 18° ; and by subjecting the 
distillate several times to the same treatment, but each time at a lower temperature, 
the tetrylene may be obtained nearly pure. 

Tetrylene is also formed by subjecting acetate of sodium or oleate of calcium, mixed 
with soda-lime, or butyrate o£ barium, or by itself, to destructive distillation ; also by 
heating glucose with soda-lime ; in each case, however, the tetrylene is accompanied 
by a large quantity of tritylene, amylene, and other hydrocarbons. The gases thus 
evolved are fixod by passing them through bromine, whereby they are all converted into 
bromides ; and from the mixture thus obtained, the bromide of tetrylene may be sepa- 
rated by fractional distillation. (Berthelot, Ann. Ch. Pharm. cviii. 200.) 

2. From Valerianic Acid , — A concentrated solution of potassic valerate is subjected 
to the action of an electric current with platinum electrodes. Tetrylene is then evolved 
at the positive pole, together with tetryl and carbonic anhydride, while the gas evolved 
at the negative pole consists wholly of hydrogen ; and if a porous diaphragm be inter- 
posod between the two electrodes, the tetrylene will pass off, mixed only with tetryl 
and carbonic anhydride. To separate it, the gaseous mixture is passed, first through a 
tube surrounded with a frigorific mixture, and through alcohol, to condense and absorb 
the tetryl ; then .through water, to take up the alcohol ; and lastly through strong 
potash-ley and over solid potash, to absorb tbe carbonic acid and water. The tetry- 
!ene obtained by this process is merely a secondary product, probably formed by 
oxidation of a portion of the tetryl, which is the immediate product of tho electrolytic 
action (p. 731): 

C»H« + O - 2C 4 H* + H*0. 

Tetryl. Tetrylene. 


* 3 . From 7 e try lie Alcohol, — When this alcohol is quickly mixed with excess of sul- 
phuric acid, the mixture gently heated, and the evolved gas freed from sulphurous and 
carbonic acids by absorption with potash, tetrylene is obtained nearly pure, being 
contaminated only with a small quantity of a hydrocarbon of higher atomic weight. — 
When tetrylic alcohol is heated with excess of zinc-cliloride, nearly pure tetrylene is 
evolved at first, afterwards a mixture of tetrylene and tetrylic hydride. 

J 4. From Erythromannite. — This substance fb distilled with hydriodic acid, as alroady 
‘ described (p. 736), and the resulting isotetrylic iodide (or tctrylenic hydriodato) is 
treated with alcoholic potash, or, better, with acetate of silver. The isotetrylic iodide 
is poured upon an equal weight of silver-acetate, contained in strong glass tubes, 
which can be quickly sealed ; and after the violent reaction which immediately takes 
place is over, tho tubes are cooled in a mixture of ice and suit. On opening them, and 
exposing them to a gentle heat, gradually raised to 40° or 60°, tho wnolo of the tetry- 
lene is given off, and may either be collected as gas, or condensed in a U-tnbo cooled 
to a low temperature. Isotetrylic acetate (p. 734) remains behind in the tubes. (Do 
t \ * * 


ties. — Tetrylene at —18° is a colourless mobile oil, having an ethereal but 
peculiar and penetrating odour. At the temperature of a mixture of ether and solid 
carbonic anhydride, it solidifies to a white crystalline mass, which liquefies again as soon 
as it is taken out of tho freezing mixture (Dp Luynes). Tho liquid boils below 0* 
(Faraday); at +3° (Do Luynes). The tension of its vapour at +16° is equal 
to 4 atmospheres (Faraday). Vapour-density «=* 1*933 (Kolbe); calc. ■■ 1946. 
y^The gas burns with a red, blue-edged, very smoky Dame. It is sparingly absorbed by 
easily by alcohol y and still more by ether : the alcoholic solution gives 
&as, with effervescence, on dilution with water; so likewise does the ethbveal solution 
when diluted, first with alcohol, then with water. It dissolves easily in yiagflftf acetic 
acid , and completely in strong sulphuric acid, without formation of sol^uioll . 

. producing a yellow liquid, from which water separates a light fragnpnt oil (D® 
* muy &**) i according ,to Faraday, the product of this reaction is a conjugated acid 
X? homologous with ethionic or isethionic acid], which forms peculiar aalta ^Th e ga* 
is likewise absorbed by oils, both fixed and volatile, olive-oil taking up abogPfcBc times 
It unites with chlorine (Faeaday; Kolbe), and browns (Hof- 
oily voducts. — Aqueous hydriodic acid , saturated _ at quickly 
lone-gas, forming* iaotetxylio iodide or tetrylenic 
* t produced by the action of hydriodic acid on erythroroeiro^^ (D« 




TETRYLEHE-DIAMINE— TETRYLENIC CHLORIDE. W& 

TRSTWI-Btuan - N*J (C4 |7 — a ban' produced fey 

the action of nascent hydrogen (evolved from tin and hydrochloric acid) upon cyanide 
of ethylene: C*H 4 C*N* + H* - C 4 H'*N». It boils above 140<Y and its bhloro- 

platinate contains 39*45 per cent, platinum, agreeing with the formula C 4 H W N*.H , *C1** 
PtCl*. (T. Fairley, Chem. Soc, J. xvii. 362.) 

imiUKIO AOBTAT*. C*H»0 4 - | O*.— Preparod by dis- 

tilling bromide of tetrylene with acetate of Bilver. The distillate is purified by 
repoatedly rectifying the portion which distils above 140°, over dry acetate of Bilver, 
and finally by itself, the portion which passes over above 190° being collected apart. 
Acetate of tetrylene is a colourless oily liquid, inodorous in the cold, but smelling 
slightly of acetic acid when warmed. It boils at about 200°, is insoluble in water, but 
dissolves readily in alcohol and in ether. It is easily decomposed by alkalis, with 
separation of tetrylenic alcohol. (W urtz.) 

TantTUnO ALCOHOL. C»H'*0* - ( C<H V|o». Tetryl- or Huiyl-glycol. 

(Wurts, Ann* Oh. Phys. (3], lvi* 412.) — A diatomic alcohol, homologous with ordi- 
naxy glycol, and produced in like manner, by heating tetrylenic acetate with potash. 
It is a colourless, viscid, inodorous liquid, having a mild aromatic taste. Specific 
gravity =* 1*048 at0°. Boiling-point — 183° — 184°. Vapour density, obs. *» 3*19; 
calc. — 3*12, It dissolves in all proportions of water, alcohol , and ether . 

Tetrylenic alcohol is easily oxidised by nitric acid ; when heated with dilute nitric 
acid, it yields oxalic acid. When dilute nitric acid is cautiously poured upon the 
aqueous solution of the alcohol, so that the two liquids may mix and react slowly, 
butvlactic acid, or oxybutyric acid, C 4 H B 0* (i. 688), is formed, together with another 
acid, whose calcium-salt » insoluble in water (the silver-salt of the latter yielded 
9 2 per cent, carbon and 1*1 hydrogen). — Tetrylenic alcohol, heated with hydrate of 
jt x/taxsium or sodium , is decomposed, with evolution of hydrogen, but not so readily as ' 
ordinary glycol. Oxalic acid appears to bo formed in this reaction. Succinic acid is 
not found among the products of oxidation, either by nitric acid or by hydrate of po- 
tassium. 

Tetrylenic alcohol heated with hydriodic acid, is converted into to try lie iodide, the 
glycol being first reduced to tetrylic alcohol, according to the equation : 


CH^O* + 2HI - C 4 H w O + H*0 + I\ 

and tho tetrylic alcohol converted intq tetrylic iodide by the further action of 
hydriodic arid. (Wurfcz, Ann. Ch. Pays. [3], lxiii. 124.) 



TBTETLSIIIO BBOMSDB, C 4 H*Br 9 , is formed on mixing tetrylcne-ga* 
with bromine-vapour, also (according to De Luynes) by the action of bromine on 
isotutiylic iodide, C 4 H # I, the reaction being attended with evolution of iodine and 
hydrobromic acid. It is an oily liquid, boiling at 158° (W urtz ; De Luynes), and, 
according to C&hours (Compt. rend. xlvi. 244), is resolved, by heating with alcoholic 
ammonia, into bromide of ammonium and bromotetrylene, C*H T Br. 


TBTRTfBVXC CHLOBZBB. C 4 H®C1*. — Produced by the direct abomination 
of clilorine and tetrylene gases in diffused daylight, the tetrylene beingjp&pt In 
excess. # ^ 

The oily product, after being freed from hydrochloric acid, by washing it, first with 
very weak potash} then with pure water, is dried over chloride of calcium, and distilled, 
the portion which passes over below 130? being collected apart ; and this portion is 
subjected several times to fractional distillation, till an oil is obtainod, boiling con- 
stantly at 125 q (Faraday; Kolbe). The same compound is probably formed by * 
the aegttn of chlorine on iso tetrylic iodide (p. 736), the liquid thus obtainod boiling njjfc 
120°. (De Luynes.) 

^ Chloride o|f tetrylene is a colourless oil, having an agreeable sweetish odour, like 
that of £>utch liquid, and a burning taste. Specific gravity «■ 1*112 at 28°. Bbiling- 
point * 12J}0, Vapour-density «- 4*426 (Kolbe); by calculation, 4*39. It is insolubTo 
in water, hst mixes with alcohol and ether. It burns brightly in the flame of a spirit^ 
lamp emitting smoke mixed with vapours of hydrochloric acid. It is decomposgp- — 
by beatidg with alcoholic potash, yielding chloride of potassium knd a volatile 

liquid, r_4.r_5 — »“ — ruxxrrti 

The Lnuiyc 


rnbly consisting of chlorotetrylene, C^UPOL ^ -'J*. 

volatile portions of liquid, boiling above 130°, wfugh remain^ 
t of tetrylenic chloride, are probably also subsflnttiou-ptodj 

t with the tetrylenic chloride. The game l#« are cm 
rlene is exposed to sunshine in contact with exceas flflJ 
# 3 b 2 ' " " v ™ 



740, tETRYL-GLYCOL— THALLIUM. 

viscid mass is then formed, which still contains hydrogenated produets, and does not 
yield %ny crystals 6f trichloride of carbon. (Faraday.) 

Tetrylcne-gas is likewise absorbed in large quantity by pentachlbride of antimony * 
and on distilling the product, a chlorinated oil is obtained, having the composition 
C *H 7 CP, or C 4 H»CT.Cl 3 . ^ 

TETRTL-aLTCOL. Syn. with Tetrylrnic Alcohol. 

TmTUV-TBUMim. C^H'W = — A triatomie boss pro- 

ducrid by the action of nascent hydrogen (evolved by the action of tin on hydrochloric 
acid) upon cyanoform : 

CH.C 3 N 3 + H 1 * = C 4 H I3 N 3 . 


It boils at a tomporaturo above 160°, and forms a platinum-salt containing 2(C 4 H ,3 N* 
3HCl).3PtCl 4 . (Fairlio, Chera. Soc. J. xvi. 362.) 

TETRVL-ffiNANTHVL. C 4 H B .C 7 H l3 0. Tetryl-oenantkol. Butyl-ancinthyl. 
Butyl-hutyrone. (See Bu Tyrone, i. 698.) 

TSTCTMTOPHTOXC JLCZS. C^H'.H.SO'. See Sulphuric Ethers (p. 629). 
TETRTL8ULPHTDRZC ACID. CW.H.S. Tetrylvncrcaptan (p. 736). 

TEVCSZITM. The herb of sevoral species belonging to this genus, formerly used 
in medicine, contains a peculiar, resinous, bitter principle. T. Polium is said to be 
used in Grooco as a remedy against the bites of serpents. (Wanderer, Buchn. 
Report, xcii. 246). 


TEHTL08E (from tcvtXou, beet).— A kind of sugar, resembling glncose, said to 
exist, under certain circumstances, in the juice of beet. According to Michael i k 
(J. pr. Chem. lxxiv. 397), the sugar, sometimes optically inactive, sometimes lravoroto- 
tory, produced from the cane-sugar of beet, especially when the juice is acid, is different 
> v from ordinary inverted sugar (p. 465). 

r ' ,,, XHXA.MT11. A name applied by R. II or m an n (J. pr. Chem. lxxxii. 368) to 
npMYe magnesium-hydrate, Mg"H 2 0' : , occurring at Woods Mine) Texas, Lancaster 
■» Qtanty, Pennsylvania, in monoclinic forms homeeomorphous with cpidote, whereas 
wpiOrdiSary form of m;ignesinm -hydrate (brucito), is rhomboliodral ; but, according to 
jfcjferbach’ s observations of tho polarising properties of the so-called texalite cry stain, 
- they also belong to tho hexagonal system. (Jahresb. 1861, p. 979.) 

TEXABITB. Ni* 'CO 3 .2Ni"H a O\ Syn. with Emerald -nickel. (Soe Carbonates, 
,, i. 789.) 

TEAKCETONB. One of tho compounds, or rather mixtures, obtained, according 
to Zeis e, by tho action of ammonia and sulpha* on acctono (i. 28). 


TBJLUTpB' A name applied by D. O won'(Sill. Am. J. xiii. 420), to an altered 
soapstone from tho north shore of Lake Superior, which he supposed to contain a 
peculiar earth, thalia ; this however, according to Smith ( ibid . xvi. 95), and Genth 
(if rid. xvii; 130), was merely impure magnesia. 


TBAlLElOCBZir, or X> AMURXOOHX3V, A product of the action of ohlonne- 
watetf qn 'sulphato of quinine (p. 18). M 

n&LUTE. Syn. with Efidote. 

Atomic weight, 204 ; Symbol , Tl. — An 4 pment jJ&overed by 
C rookefcfin 1861, in a selcniferous deposit from tho Sulphuric acid manufactory in 
Tilkerode, in the Harz. In the distillation of some impure selenium prepared from 
this deposit, a considerable rot-id uo was left* which was at first supposed to contain 
tellurium, till spoetrum-analysis showed that a new element was present, whoso spec- 
t ru m ponsi st ed of a single sharp and brilliant green line j(hence the name thallium, from 
a green bud). This element was at first suspected tobe a metalloid, but further 
^examination proved it to be a true metal. It was first obtained, in a distinct metallic 
form; by Crookes, towards the end of the year 1861, and soon after wardU byLutn y» 
'whose experiments appear to have been made without previous knowledge 
j^snlt It has since been made the subject of numerous researches, and a 

* \ com pounds hawa haim 'prepared and carefully examined. A*lhll account 

obtained (ftwAfia^Tantary 1864, together prith a list of memoirs, is 
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a Werther. J. p*. Chem. mri. 385. — 8treng, Zeitschr. f. Chem. 1845, p. 106.- 

. ' rtiT Til Trio wni« A.,* nu -ni m - * 


Solubility of Thallium-salts. — rooKes, unom. jmowb. x. 27. 1 

Chlorides of Thallium. — Werther, J. pr. Chem. xci. 385. — Nick 16 a, Compt. 
rend, lviii. 637. — Hebberling, Ann. Ch. Pharm. exxxiv. 11. — Willm, loc. eft. 

Bromides and Iodides of Thallium.— Werther, loc, eft.— Willm, loc. oit. — On the 
Bromides also, Willm, Bull. Soc. Chim. 1864. ii. 89.— -Nickl&s, loc. cit. 

Fluorides of Thallium. — Kuhlmann, Compt. rend, lviii, 1037.— Buchner, J. pr. 
Chem, xevi. 404, 

Oxides and Oxygen-salts of Thallium. — (Schonbein, J. pr, Chem. xciii. 35. — 
Werther, loc. cit . — Kuhlmann, loc. cit. — Streckor, Ann, Ch. Pharm, cxxxv. 207. 
Willm, foe. eft.: also. Bull. Soc. Chim. I860, ii. 165. — On the Phosphates of Thal- 
lium, , Lamy, Ann. Ch. Phvs. [4], v. 410. 

Tho memoir of Willm, above referred to, contains a summary of the results relating 
to thallium and its compounds down to 1865. (See also Jahresb. f. Cliomie, 1864, pp. 
•215—257; 1865, pp. 242 — 255.) 

Sources. — As sulphide, thallium is very widely distributed as a constituent of iron- 
ami copper-pyrites. Amongst those ores m which it occurs most abundantly (although 
in these cases it docs not constitute more than from tho 100,000th to the 4,000th bulk 
of the ore), may be mentionod iron-pyrites from Thoux near Spa in Belgium, from 
Namur, Pmlipville, Alais, tho South of Spain, Franco, Iroland, Cornwall, Cumberland, 
and different parts of North and South America ; in copper- pyrites from Spain, as wpli 
as in crude sulphur prepared from this ore; in blende and calamine from Theuxf inf 
blende, calamine, metallic zinc, sulphide of cadmium, metallic cadmium, and cake-sul- 
phur from Nouvelle-Montugne ; in native sulphur from Lipari and Spain ; in bismuth, 
mercury, and antimony ores, as well as in tho manufactured products from those 
minerals (frequently in so-called pure medicinal preparations of theso metals) ; in 
commercial selenium and tellurium (probably as seiemdo and telluride). 

Thallium is likewise frequently present in copper and in commercial salts, of 
metal. In Spain a very impure copper is prepared by allowing copper- pyritqi > 

oxidiBO in the air, washing out tho resulting Bulphate of copper, and placing sT^ 1 
iron in the liquid, which causes tho copper to precipitate in the powdery stated 
metal is then collected together, dried, strongly compressed, and liouted to the mol 
point. It is brought over to this country iu the form of rectangular cakes, weigl v 
about. 20 lbs. each. The sulphide of thallium, oxidising to sulphuto along with tfci* 
sulphide of copper, is washed out by tho water, and precipitated with the copper 
by tho iron. The two metals readily fdjdy together. 

Thallium is also present in tolerable quantity in lepidolite from MoraviA, and iff 
mica from Zinnwald (Schrofcter^ It has likewise been found in the deliquescent 
** Sel-a-Glace” from the mother-liquors of the saltworks at Nauheim. This consists 
of a mixture of the chlorides of magnesium, potassium, and sodium, with relatively 
considerable quantities of rubidium- and caesium-chlorides, and sensible traces of 
thallium-chloride. (Bottgor.) t '■ 

Many samples of commercial sulphuric acid and yellow hydrochloric acid contain 
thallium. The source in these cases is evidently the pyrites used in the sulphuric arid 
works. ^ 

_ Preparation.— a. From fron Pyrites. — The pyritos from the Soci&fc Auajynis de 
Bochcux et d’Oneux, Theuat, contains about 1 pt. of thallium in 4,000. .. Tpfc tons of 
this ore wstw worked in the following manner : — 1 

The pyrites, broken up into pieces of the size of a walnut, is distilled flrnCXagonal 
cast-iron pipes, closed at one end, and arranged in a rcverl>eratory furnace. Conical 
sheet-iron tubes are luted .on to the op& ends, and the retorts are kepfcat a bright- 
red heat for about four hours. At thr ead of the operation, tho receivers are 
found to contain from 14 Ibs.to If lbs. <sf dark-green or grey -coloured sufahur for 
every loo lbs. of orswsed. The whole of tin thaffiom originally in the protas is 
found mjhis sulphur. dSie sulphur maf be dissaved out by means pf Ij&bonic 
dHitdphidb, which leaves the sulphide of thallium behind ; or itmaybe extracted by 
boiling with caustic soda. The former plan occasions less low df thallium, but, owing 
to the inconvenience of Working with large b«lk£9f Of carbonic disulpjh»«m ioda 
process is preferable. . lllbs. of caustic thalliferoim^j^f 

1 f gallon of water, sre4x>iled together till t 
water are added; and the dearbquid, when c 
precipitate, wfafck has teem sops 

collected ou * — * 

in tf 

how 
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dissolved in hot dilute snlphqrie acid, to which a little nitric acid is added and th 
liquid is diluted with water and filtered* hydrochloric acid and sulphite of sodium 
will now throw down the nearly insoluble white protochloride of tha-llinm whfch 
1,0 filtered off and washed. (Crookes.) raa, ia to 

ft From Sulphur or Pyrites in the Wet Way, — The material is dissolved in nitre, 
muriatic acid, until nothing but bright-yellow sulphur is left; water is then 
added, and tho filtrate is evaporated with sulphuric acid, until it is nearly dry 
and sulphuric vapours are copiously evolved. The residue is dissolved in a lam 
excess of hot water, and carbonate of sodium is added to alkaline reaction, and then 
cyanide of potassium (free from sulphide of potassium). The liquid is then heated 
gently for some time, and filtered. The precipitate contains the whole of the lead 
(and bismuth) which may bo present, as carbonates, whilst the thallium Remains in 
solution. A current of sulphuretted hydrogen being now passed through the liquid, 

S recipitates all the thallium, whilst the copper, antimony, tin, and arsenic remain 
issolved. Tho precipitated sulphide is filtered off, washed, and dissolved in dilute 
sulphuric acid, and the thallium is precipitated as chloride, by means of hydrochloric 
acid. (Crookes.) 

7 . From the Flue-dust of Pyrites-burners, — This is by far the most economical 
source of thallium at present known. In burning thalliferous pyrites for the purpose 
of manufacturing sulphuric acid, the thallium oxidises together with the sulphur, and is 
driven off by the heat. If tho passage leading from tho burners to the leaden 
” chambers is only a few feet long, the greater portion of the thallium escapes condensa- 
tion, and volatilises into the leaden chambers ; it there meets with aqueous vapour, 
sulphurous and sulphuric acids, and becomes converted into thallious sulphate. This 
being readily soluble, both in water and dilute sulphuric acid, and not being reduced 
by contact with the leaden sides, remains in solution, and accompanies the sulphuric 
acid in its subsequent stages of concentration, &c. If, on tho other hand, the passage 
connecting the burners and chambers is 10 or 15 (or more) feet in length, nearly the 
whole of the thallium is condensed, together with a considerable number of other 
bodies which constitute “flue-dust,” — namely mercury, copper, arsenic, antimony, 
zinc, cadmium, bismuth, lime, and selenium, together with ammonia, sulphuric, 
^pHric, and hydrochloric acids. The amount of thallium in these flue-deposits is very 
* various, seldom amounting to as much as £ per cent., although in some as much as 
8 per cent, has been found. 

The following is the plan adopted by Crookes for extracting the metal from this 
dust on the largo scale : — The dust is first mixed in wooden tubs with an equal weight 
of boiling wator, and is well stirred ; daring this operation a considerable quantity of 
nitrous acid is ovolved; after which the mixture is allowed to rest for 24 hours for 
the undiasqlved residue to deposit. The liquid is then syphoned off, and tho residue 
is wushacMlad*Afterwards treated with a fresh quantity of boiling water. The collected 
liquor^mtah have boon syphoned off from the deposit, are allowed to cool, precipi- 
tatod^&fl* addition of a considerable excess of strong hydrochloric acid, and the 
preoip^Kg^toUsisting of very impure chloride of thallium, is allowed to subside. The 
If' chlqride.^nipp|ied in this way is then well washed on a calico filter, and afterwards 
squeeze#, ' Three tons of the dust yielded 68 pounds of this rough -chloride 
(Crookes). FoV'the further (treatment see below. ^ 

Worth or boils the flue-dust repeatedly *ifch carbonate of sodium; precipitate* the 
filtrate with excess of ammonium-sulphide; converts the precipitate into sulphate by 
£ boiling it .with sulphuric acid, with addifcttmof a little nitric acid ; precipitates tho 
timmoniacal solution of the latter with iodide of potassium ; and reduces the iodide of 
thallium by fiision with cyanide of potassium. 

8. From Cffynurcial Hydrochloric Acid, — Many samples of yellow hydrochloric arid 
contain thallium. It may be separated by neutralising with ammonia, and adding 
sulphide of ammonium. The black precipitate contains the thjfilium, together with 
iron and some other metallic impurities of the acid. It is to be dissolved in sulphuric 
acid, and the thallium precipitated by hydrochlprio arid as protochloride. 

The ritude protochloride of thallium obtained by either of the above methods is added, 
by Bmrfgjlfcp&ions at a time to half its weight of hot oil of vitriol in a porcelain or 
platinuralu, the mixture* being constantly stirred, and the heat continued till the 
whole iiydrochloric arid and the greater portion of the excess of sulphuric 

acid ere^riyen off. The fused arid Bulphute is now to be dissolved fb an excess 
of water, dp abundant stream of sulphuretted hydrogen passed through the sola- 
. tiott. precipitate, which may contain arsenic, antimony, bismuth, lead, mercury, 
and silver, is separated by filtration, and the filtrate is boiled till all free sulphydric arid is 
removed. The liquid is now to be rendored alkaline with ammonia, aaitboiled; the 
precipitate of in n and alumina, which generally appears in this placed wptrid off; 
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an d the dear eolation evaporated to a small bulk. Sulphate of thallium thou separates 
out on cooling, in long, clear, prismatic crystals. As sulphate of ammonium is much 
more soluble than sulphate of thallium, the latter can readily be separated from the 
small quantity of the former salt present; The two salts do not crystallise together. 

In order to avoid the inconvenience of driving off the excess Of oil of vitriol in the 
decomposition of chloride of thallium, it may in some cases be preferable to proceed as 
follows : — Boil the chloride of thallium in solution of Bulphide of ammonium for five 
minutes: decomposition takes place readily. Filter, ana wash with hot sulphuretted 
water till no more chlorine can be detected in the filtrate ; then dissolve the sulphide 
on the filter in dilute sulphuric acid, and treat the solution with ammonia, &c., as 
above directed. (Crookes.) 

«. From the Saline Residues of the Saltworks at Nauheim. — The strong solution is 
mixed with a quantity of platinic chloride not sufficient for complete precipitation, 
and the precipitate is boiled five or six times with throe times its weight of water ; 
the insoluble residue, consisting of the platinum-salts of caesium, rubidium, and thal- 
lium, is boiled with a weak solution of potash and a little hyposulphite of sodium, till a 
clear solution is obtained ; and this solution is treated with cyanide of potassium and 
sulphydric acid, whereby the thallium is precipitated as sulphide. The liquid ia then 
to be filtered, and the residue washed and dissolved in sulphuric acid. (Bottger.) 

£ From Lepidolite and Mica. — The residue obtained by reduction of the platinum- 
salts of rubidium, caesium, and thallium, as described under TIcbjdium (p. 128), is 
carefully washed with water, to dissolve the chlorides of csesium and rubidium ; this?' 
washed platinum-black is dissolved in nitromuriatic acid, and evaporated to drive off^he 
excess of acid ; and the dry mass is digested with water, which leaves the whole of the 
thallium-chloroplatinato (still containing a littlo rubidium) undia solved. This residue, 
after addition of a few drops of hydrochloric acid, is boiled with finely granulated 
zinc ; the excess of zinc is dissolved out of the precipitated metals by hydrochloric acid 
(which does not take up any thallium) ; and the washed residue is heated with nitric 
acid, which dissolves the thallium, and leaves the platinum. (Sclirdtter,) 

V. From the Mother-liquors of Zinc-sulphate. — The mother-liquor of zinc-vitriol, ob- 
tained at Goslar, in the Harz, by working pyrites from the RuniineLsberg, is (according# 
to Bunsen) a very convenient source of thallium. When ladled down to a specific 
gravity of 1-441 at 24°, it contains (according to an analysis by Nouhoff) 0*0$ per 
cent, chloride of thallium, together with the sulphates of zinc, cadmium, manganese, 
copper, and many other salts. When mixed with an equal volume of hydrochloric 
arid, it yields a precipitate of thallium-chloride ; and with iodido of potassium, in pre- 
sence of a sufficient quantity of aodic hyposulphite, a precipitate of thallium-iodide free 
from copper. The simplest method of obtaining the thallium ia to precipitate it, together 
with copper and cadmium, by immersing plates of zinc in the cold liqucqr, ‘'TJw metallic 
powder thoreby precipitated, after being quickly rinsed, is digested wit&lMMtter con- 
taining sulphuric acia ; and the resulting solution, containing thallium (tegmer with 
cadmium), is precipitated with iodide of potassium. A cubic metre thus 

treated yielded 00 kilogrm. thallium. (Bunsen.) ^ 

A To recover the thallium remaining in the mother-liquor of an y^f tfiepraerations i; 
above described, WiUm precipitates the solution (reduced, if necettftxy, by sulphurous 
acid) with iodide of potassium, decomposer the precipitated iodido of thallium with 
nitric acid (in a distillatory apparatus, arranged so as to condense the volatilised 
iodine), and evaporates the resulting solution of thallium -nitrate to the crystallising 
point Insoluble residues are treated with Nitromuriatic acid, the neutralised solution 
is precipitated with sulphide of ammonium ; and the precipitated sulphide of thallium is v 
converted into sulphate by treatment w$th sulphuric acia. ^ ■ . 

Preparation of Metallic Thallium.-- The metal is reduoed from its Mutton, gene- 
rally from the sulphate, either bj&, electrolysis, or by the action of zinc. — 1. When 
an electric current from two or three Grove’s cells, with platinum terminals, is passed 
through an acidulated solution of thallium-sulphate in its own weight of water, the 
metal is deposited on the negative pole, in brilliant plates and long needle shaped 
CTystals, stretching out towards the positive pole, and presenting an appsgranee like 
that known as the tin-tree. The reduction is complete 4 when hydrqgMpflgi ns to 
®«»pe at the negative pole. The crystalline metallic sponge may tb«9wsqueezed 
into a comtepct mass round the platinum terminal, well rinsed with water, removed 
from the platinum, and kneaded by the fingers into a solid lump. > (Crookes.) 

2. For reducing considerable quantities of thallium, it is tftft to employ 
metallic zinc. Plates of pure zinc (which should leave no residue whatever when dis- 
solved in sulphuric acid) are arranged vertically round the sides of a deep porcelain 
dish holding a gallon. Crystallised sulphate of thallium, in quantities of about seven 
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pounds at a time, is then placed in the dish, and water poured over to cover the Belt 
Heat is applied, and, in the course of a few hours, the whole of the thallium will bo 
reduced to the state of a metallic sponge, which readily separates frbm the plates of 
zinc on slight agitation. Tho liquid is pourod off, tho zinc removed, and the spongy 
thallium washed several times. It is then strongly compressed between the ftogenL 
and preserved under water until it is ready for fusion. In this manner upwards of a 
hundredweight of metallic thallium may be reduced in the coarse of twenty-four hours 
(Crookes.) 

The qaetal is readily obtained in the coherent form by fusing the Bponge. This is 
most conveniently performed under cyanide of potassium on tho small scale, and 
under c&al-gas when working with large quantities. In tho former case, the sponge, 
strongly compressod and quit© dry, is broken into small pieces, which are dropt one 
by one into cyanide of potassium fused in a porcelain crucible. They instantly melt, 
forming a brilliant metallic button at the bottom. When cold, tho cyanide of potas- 
sium may be dissolved in water, when tho thallium will bo left in the form of an 
irregular lump, owing to its remaining liquid and contracting after the cyanide has 
solidified. 

On the largo scale, tho fusion is best effected in an iron crucible. This is placed 
over a gas-burnor, and a tube is arranged so that a constant stream of coal- 
gas may flow into the upper part of the crucible. Lumps of the compressod spongo 
are then introduced, one after tho other as they molt, until tho crucible is full 
of metal. It is then stirred up with an i^on rod, and the thallium may either bo 
poured into water and obtained in a granulated form, or cast into an ingot. Thirty or 
forty fusions have been performed in tho same crucible without tho iron being acted 
Upon in the least by the molted thallium. (Crookes.) 

According to Willm, pure thallium is best obtainod by heating the oxalate in a 
glass tubo, tho metal then remaining in the fused state. 

Properties . — Thallium is a perfect metal, with high metallic lustre. In colour it 
most resembles cadmium, not being so brilliantly wliito as silver, but free from the 
blue tinge of lead. The true colour can scarcely bo spun by cutting or scraping tho 
surfoc*, as it tarnishes too quickly. It is best observed by scraping the metal under 
' wateij, or by fusing it in hydrogen, and allowing tho molted globule to flow away from 

* the dross. When fused under coal-gas, the liquid metal in tho crucible can hardly bo 
distinguished from mercury. It takes a very high polish by friction with appropriate 
materials, under water. Thallium tarnishes at ordinary temperatures, quickly be- 
coming coated with a film, which almost entirely protects it from further action of the 
air. The specific gravity of thallium varies according to the treatment it has under- 
gone. A lump melted and slowly cooled under cyanide of potassium was found to 
nave a density of 11*81, increasing by strong pressure to 11*88. When squeezed 
into wire, a portion was found to have a donsity as high ns 11*91. Lamy gives it as 
11*86. He la Rive states it to be 11*85 after fusion, and 11*80 after being draum into 
wire. Thallium is the softest known metal admitting of free exposure to tne air. The 
finger-nail, and even a pieco of lead, scratch it readily. It marks paper like plumbago, 

l forming * streak, blue at first, then turning yellow, and in a day or two fading nearly 
out. Sulphide of ammonium or . sulphuretted hydrogen will at any time temporarily 
restore the dark; streak. Thallium has less tenacity than lead, and does not become 
brittle at any temperature between - 18° G. (0° F.) and its melting-point. It is very 
malleable, and can be hammered into foil as thin as tissue-paper ; its hardness is not 
sensi bly increased by hammering. It can be drawn into wire only with difficulty, but it 
is squeezed into wire very readily, by the process technically known as "squirting.* 
Thallium- wire is almost devoid of elasticity, retaining any form into which it is bent, 

* with scarcely a tendency to spring to its original position. When first prepared, the 
' Wire appoars amorphous, and will remain so if kept at the ordinary temperature in 

carbonic anhydride, or in petroleum free from air. In water it gradually becomes 
crystalline, resembling the moiri of tinplate ; this effect is immediately produced when 
thallium in wire, ingot t or plate, tarnished or clean, is boiled in water. * 

Thallium is a very crystalline metal, and crackles almost as much as tin when bent. 
When ^rororal pounds of it are fused, and allowed to cool slowly, and the interior 
liquid portion poured off from that which ha» solidified, well-defined crystals, in octa- 
hedrons dad fernlike forms, are produced. The melting-point of thallium is 290°, 
according to Lamy; 2939° according to Crookes, who determined it by fusing 
about two pounds of tho pure metal. Thallium docs not become pasty before melting; 
it expands considerably before complete fusion, and contracts strongly on cooling. 
Two pieces of the metal weld together under strong pressure at the ordinary tempera- 
ture, and after filling the Btoel die with scraps and cuttings, they may be readily 
squeezed into a solid rod, apparently as tenacious as whon obtained by fusion. 

7j?he most characteristic properly of thallium is the intense green colour which the 
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tnrtal or any of Its compounds communicates to colourless flame. This colour, when 
examined in the spectroscope, is seen to be absolutely monochromatic, appearing as 
one intensely brilliant and sharp green line, coinciding with the numbor 1442*6 on 
Kirch boflTs spectrum-chart. The thallium-spectrum is simpler than that of any 
other element yet examined. An amplifying power as gTeat as has ever been applied 
to the spectrum (16 heavy glass prisms), does uot affect the integrity of the line, and 
the high temperature of the hydrogen- or qxyhydrogen-flamo shows no now lines; 
thallium has therefore a simpler spectrum than sodium or lithium, which stand next to 
it in this respect. The spectral reaction of thallium is very dolicate, the 5-nuIlionth 
p,rt of a grain of thallium-sulphate being sufficient to produce it. 

Tho length of the wave of the green thallium-lino is 0*0005348 millimetre. (J. Mullor, 
Pogg. Ann. cxviii. 641.) 

When sparks from an induction-coil aro passed between two pieces of thallium- 
wire, the light ceases to be purely monochromatic. On viewing it by tile spectroscope, 
several new lines make their appearance ; besides tho usual intense lino in the green, 
five others are particularly observable : first, a very faint ono in the orange ; next, 
two of nearly equal intensity in tho green, more refrangible than T1 a, with a third much 
fainter, these three lines in the green being nearly equidistant ; and, lastly, a bright 
well-defined lino in the blue. Tho photographic spectrum contains several very 
characteristic groups of lines, recalling tho features of the spectra of cadmium and zinc, 
and loss strongly that of lead (W. A. Miller, Proc. Roy. Soc. xii. 407). Tho thallium- 
lino has no counterpart in tho black lines of the solar spectrum. 

Thallium is strongly repelled by both poles of an electromagnet, being nearly equal 
to bismuth in diamagnetic character. In respect of electric conductivity, it lies botwocn 
till and lead. Taking the conducting power of silver at 160, that of thallium is 9 m lf\ 
according to Mat thi oss en, 8- 04 according to De la Rive. Matthiessen andVogt 
find that- the conducting power of thallium decreases, between 0° and 100°, by 31*420 ' 
per cent., which is a larger percentage decrement than that obtained for many other 
pure metals — namely, 25*307 per cent. The specific beat of thallium is given by Lumy 
at 0-0325, and by Regnault at 0*03349 and 0*03361. 

Thallium, when heated in the air, begins to volatiliso at a rod heat, evolving4>rown 
vapours of oxide; it boils below a white heat., and nmy bo distilled in a current of 
hydrogen. The hydrogen takes up mechanically a litlo thallium, which is not deposited 
upon traversing five feet of cold glass tubing, as the emergent gas, when ignited, 
burns with a bright-green flame, 

When heated to redness and plunged into oxygen, thallium burns brilliantly 
(La my). Before tho blowpipe, on charcoal, it melts instantly, evolving copious brown 
fumes. The bead, if heated to redness, glows for some timo after the source of heat is 
removed, continually evolving vapours which appear to be a mixture of metal and 
oxide. On cooling, the adjacent parts of the charcoal aro found to bo coated with 
small globules of volatilised metal, surrounded with a reddish amorphous sublimate 
of mixed protoxide and sosquioxide. The principal globule of metal is also coated 
with a fused layer of protoxido, resembling load in this respect. When thallium, is 
heated in an open glass tube, it melts, and becomes rapidly converted into Che more 
fusible protoxide, which strongly attacks tho glass. This oxide is of a dark-rod 
colour when hot, solidifying to a brown crystalline mass. 

Some of the compounds of thallium aro very volatile, tho chloride, for instance, dis- 
tilling with the vapour of water, and volatilising when heated to a temperature below 
redness. Other compounds, such as the sulphate and phosphate, will bear a full rod 
heat without loss. 

Thallium is easily Teduced to the metallic state. In aqueous solution, the 
inefcil is readily obtained by the electric current, or by tho reducing action of metallic 
*inc. In the dry state, its salts may be reduced at a high temperature by charcoal and v -- 
carbonate of soaium, or by cyanide of potassium, or from the chloride by an alkali- 
metal. The pare metal is scarcely attacked by hydrochloric acid, even when boiling. 

It is dissolved somewhat more readily by sulphuric acid, especially if it be in outset with 
a piece of platinum ; nitric arid attacks it violently. . ^ 

In electro-chemical position, thallium is very near cadmium, being prod plfat$<l from 
tho sulphate by zinc and iron, but not by Cadmium, tin, or copper. 

Several thallium-salts are senaitivo to light ; the protocnlorido darkens readily, 
though by no means so rapidly as chloride of silver. 

_ Thallium-salts are highly poisonous, producing symptoms like those of^Iead-poisoning. 

(La my, Oompt. rend. ivii. 442; Jahresh. 1863, p. 265.) 

Thallium forms two classes of compounds — namely, the t h a 1 1 i ou s compounds, 

>n which it is uni-equivalent ; end the th all ic com po und «, in which it U tri -equiva- 
lent- Thus it forms two oxides, Tl*0 and TPO*, with correspond ing chlorides, bromides, 
iodides, and oxygen-salts. In some of its chemical relations it resembles tho alkali- 
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metals, forming a readily soluble and highly alkaline protoxide, a soluble and alkaline 
carbonate, an insoluble shloroplatinrfte, and a thallio-aluriiiniG *ulpliate, similar k 
form and composition to common potash-alum. In most respdlcs, however, it 
more nearly allied to the heavy metals, especially to lead, which it resembles closely 
in appearance, density, melting-point, specific neat, and electric conductivity. It* 
relationship to the heavy metals is further shown by its high atomic weight ; the 
complexity of its photographic spectrum, which contrasts strongly with the simplicity 
of those of the alkali-metals (Miller); the highly poisonous character of* it* com- 
pounds"; its easy reduction from solution by zinc; the production of a brown inso- 
luble peroxide by electrolytic action (p. 763); the complete or nearly complete insole 
bilitjrof its sulphide, phosphide, iodide, bromide, chloride, chromate, an<£ phosphate. 
Thallium differs also essentially from the alkali-metals in the slight affinity of its 
protoxide for water, this oxide not only being non-deliquescent, but remaining in 
anhydrous state when to aqueous solution is evaporated at ordinary temperatures;; 
a vacuum over oil of vitriol. The argument in favour of its relationship to the a” 
metals, derived from the formation of a thallium-alum, can eo longer be consii 
valid, now that a silver-alum of similar form and composition has been shown ®, 
exist (p. 680), 

VBALLXVM, ALLOTS OP- These compounds have not been much studied; 
When thallium is projected into a crucible containing melted cop per, it boils, and hr 
great part volatilises, some however uniting with the copper. By repeated additions of 
thallium, a hard, brittle, white alloy may be formed. With a still smaller quantity of 
thallium, the mixture is gold-coloured ; and with 96 per cent, of copper, it forms a 
hard button, flattening somewhat under the hammer, but soon cracking at the edges. 
In small quantities, thallium appears to diminish the malleability and ductility of 
copper. Copper prepared in Spam, by the cementation-process already described, fre- $ 
quently contains considerable quantities of thallium, which may perhaps account for 
its pre-eminently bad quality. — With lead, thallium melts readily, forming a malle* •. 
able alloy. — With mercury it unites. easily, forming a solid crystalline amalgam.— v 
PI a tinum and thallium unite, with incandesces#©. When a piece of metallic thallium if $ 
placed on a platinum -wire loop, and held intheffiaine of a spirit-lamp, the two metals 
rapidly melt together, becoming nearly white hot, and ovolving abundant fumes of 
thallium ; the resulting alloy is highly crystalline, very hard, and almost as briftle AS* 
glass. The most convenient way of obtaining the green light of thallium is to allay ip 
platinum* wire loop in this manner. When this loop is introduced into a spirit-Jamp,- 
or heatsft^efore the blowpipe, a green tint of extraordinary splendour is eommnnf? 
cated to the fiamo. — An alloy of thallium and tin is easily obtained by fundn^md® 
cyanide of potassium, or coal-gas. With 6 per cent, of thallium, the alloy is psffsct If 
malleable, 

T8ALLZVM, BROMIDS8 OF. Tho prot obromide, or Thall iout bromide, 
TIBr, is formed by adding thallium to bromine, or by double decomposition. It forms 
a very pale-yellow precipitate, fusible below redness, and is intermediate in solubility 
between the chloride ana iodide (La my). According to Willm (Bull. Soc. Chim, 1864, 
ii. 89), it is nearly insoluble in cold, and very slightly soluble in boiling water. In 
contact with bromine and a small quantity of water, it gradually dissolves, with rife 
of temperature, to a liquid, which, when evaporated in a vacuum, solidifies to a pun- 
gent, yellow, deliquescent, crystalline mass of impure tribromide, or that tic Apfv 
mide, TIBr* (containing rather less bromine than that required by the formula), via 
mixing the aqueous solotion of the tribromide with the protobromide, or subjecting it % 

partial reduction, the hot liquid yields long, siskin-yellow, shining needles, a] ^ 

under the microscope as quadratic prisms, and consisting of \he dibromide, r 
TIBr.TIBr 1 . They are decomposed by water into a protobromido which i 
a tribromide which remains dissolved, and a eesquibromide, Tl'Br" «• HI 
which crystallises in translucent, orange-red, six-sided laminse. This last compOUA 
is likewise decomposed by treatment with water, with separation of protobromido** 
(Willm.} 

The tribromide forms, with bromide of ammonium , a double salt, NH 4 Br.TlBr*.6H*0, 
crystallising in long, yellow, transparent needles, which easily give off their water in *. 
vacuum. A concentrated alcoholic solution of the tribromide mixed with ammoHiet^i 
yields a white precipitate of the compound TlBr*.3NH*, which quiddy turns yelkXfV 
ami is easily decomposed by water, with separation of black sesquioxide of thallMltt* 

A compound of tballic bromide with ethylic oxide, 2TlBr s .3(C a H*)*0, ia produced 1 
adding bromine to anhydrous ether in which metallic thallium or the protobromide is 
suspended. This compound dissolves in bromide of ammonium, yielding the double 
salt NH 4 Br , .TlBr* i with 2 at. and 3 at. water, the former hydrate crystallising i* 
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rhomboidal or six-sided t^Se^ the second in needles ; both, melt in their water of 
crystallisation below ICO** (Nicklis, Compt. rend.lviii.dfi7.) 

TWff WP« Thallium forma four chlorides 

to the bromides S — 

Protochlorideo/TkaUium^or Thallious <7dJortd«,TlCL — Metallic tWlinT^ 


|;>when heated in the gas, it bums 
’ f to a pale-yellow or white erya- 


is attacked at ordinary temperatures by chlo: 

iyid forms a yellow liquid, which solidifies on w # w 

taUine mass. If excess of chlorine has been present, the product consist* almost 
entirely of higher chlorides ; but in presence of an excess of thallium, the white pro* 
tochloride is the only compound formed. Boiling hydrochlorio acid attacks t hallium 
but slowly.the action soon ceasing, owing to the formation of a layer of difficultly 
soluble chloride of thallium. When hydrochloric acid, or a soluble chloride, is added 
|sa solution of thallious oxide or a thallious salt, a white curdy precipitate of proto* 
Jporide is thrown down, scarcely to be distinguished at first sight from chloride of 
Jpver. When boiled in water, it dissolves like chloride of lead, and separates again 
jpa cooling; the crystals, however, are much smaller and less brilliant than those of 
"chloride of lead. Protochloride of thallium is also precipitated when sulphurous acid 
or an alkaline sulphite is added to one of tho higher chlorides. 

One part of the protochloride dissolves in 283’1 pts. of water at 16*5°, and in 52*6 
pts. of Wling water. It is insoluble in alcohol, and scarcely, if at all, more soluble 
in aqueous ammonia, cyanide of potassium, or hydrochloric acid, Ulan in water, 
Whon boiled in nitric or nitromuriatic acid, it is converted into a higher chloride. It 
may be heated to 260° without loss of weight ; at a slight increase of heat, it suddenly 
melts to a thin brown liquid, white vapours being simultaneously evolved. On cooling, 
it solidifies to a white, shining, crystalline, somewhat flexible mass. The specific 
gravity of the fused chloride is 7'02 (Lamy). The fused lump is reduced to the metal- 
lic state by zinc and dilute acid, like fused chloride of silver. According to Lamy, 
chloride of thallium is unalterable by light; but according to Crookes, it undergoes 
a considerable darkening wbon exposed either tp sunlight or diffused daylight. 

Protochloride of thallium forms doS^isa its with trichloride of gold and tetrachloride 
of platinum. — The chloroaurate separates’ from the hot aqueous solution containing a 
slight excess of auric chloride, in brilliant gold-coloured crystals ; it is slightly soluble 
in water, and. when ignited leaves an alloy of gold and thallium. — The chloroplatinate , 
2TlCL.PtCl 4 , is precipitated as a pale-yellow crystalline powder, very sparingly soluble 
in water, much less so than 


the corresponding potassium-, rubidium-, or t_ 

1 pt. of it requiring for solution 15,685 pts. water at 16*6°, and 1,948 ] 

Iraokeg.) 

Setiquichloride of Thallium, T1*C1* or T1 4 C1« -T1CP.3T1C1.— This compound is 
produced by dissolving thallium or the protocblorido in nitromuriatic acid, and separates 
on cooling in yellow crystalline scales.. It may also be prepared by heating the tri- 
chloride till it melts, and no longer gives off chlorine (p. 748). [Werther obtained by 
those processes only variable mixtures of the protochloride and trichloride ; but other 
e xperimenters have obtained a definite product.] The sesquichloride, when heated, 
redness, forming a dark-brown liquid, which solidifies to a lighter- 
It is soluble in 380T times its weight of water at 16 a 5°, and in 


is 


molts below 
coloured 


— — stable 

o 2;9 pts. of boiling water. Pure water produces a slight decomposition into sesqui- 
oxide and protochloride, which, however, may be prevented by the addition of a drop 
of .nitric ot hydrochloric acid. When slowly crystallised from slightly acidulated 
hoiung water, it separates in brilliant orange-yellow hexagonal plates, considerably 
darker than when it is obtained by more rapid ciy stall isation, and presenting the 
rfpeest resemblance to iodide of lead. Sesquicnloride of thallium is also precipitated 
cautious addition of sulphite of sodium to one of the higher chlorides. When- . 
apy ft separates from a liquid, it shows remarkable crystalline characters, and when 
^^precipitated, produces a magnificent satiny lustre in the liquid. Solution of ammonia, 
P^sn, Ot' even thallious oxide, 'added to the scaquichloriil®, produces instant 
^composition into sesquioxide and protochloride, according to the following equation : 

4T1*CI» + 3(NH 4 )*0 - TIKI* + 6T1C1 + 6NH 4 CL 


When pure dry ammoniacal gas is passed over the sesquicbloride, heat being applied 
* spirit-lamp, the salt first assumes a deep orange tint, without fusing, and loses 
“Jbnlliant, almost metallic lustre. On increasing the heat, the chloride fuses, and 
•Hhb same time sal-ammoniac vapours are abundantly evolved. The melted com* 
pottud froths up, and assumes a deeper tint, ultimately becoming brown, and then 
gradually paler, until there finally remains perfectly white protochloride of thallium. 

.The reaction between ammonia-gas and sesquicbloride of thallium is represented by' 
the following equation : — 
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3Tl*01 r + 4NH* **■ 6 TICS + WR‘G1+ 3T. 

The eeeqvJehloride, heated in a stream of stdpij/driomidmu, is adverted into bk* 
sulphide of thallium, with evolution of hydrochloric add and volatilisation of sulphur 
Its aqueous solution yields, with sulphydric acid, H flikM r*dprecipitafce, which £a&pi 
pears on boiling, leaving only a small quantity of jjfunfcur. — Sulphide of ammonium 
or potassium produces complete precipitation, (^TebbexHng, Jahresb. 1865 
p. 260.) . - *■■■' '-A:'"' 

Platinic chloride added to the aqueous solution throws down thallious chloroplati- 
Bate, 2TlCl.PtCl 4 f while thallic chloride remains in solution. (Wert her, j&i 
p. 24th) 

Bichloride of Thallium, T1 J C1* =» T1C1 8 .T1C1, is formed by carefully hoating 
either thallium or the protochloride in a slow current of chlorine, tho resulting chloride 
being kept liquid. The dichlorido is palo-yellow, rather hygrometric, and decidedly 
more fusible than the sesquichloride. It is reduced to scsquichlorido by heat. 
(La my.) 

Trichloride of Thallium , or Thallic Chloride, T1C1 S . — This compound is 
formed by dissolving the trioxide in hydrochloric acid, or by acting upon thallium or 
a lower chloride with a large excess of chlorine at a gentlo heat-. According to W er- 
th or (Jahresb. 1864. p. 247), it is most easily prepared by treating thallium or the 
protochloride with chlorine-gas under water, till the resulting solution is no longer 
procipitatod by platinic chloride. Tho solution freed from excess of chlorine by a 
stream of carbonic anhydride, and evaporated in a vacuum, yields a crystalline mass 
composed of long colourless prisms of tho hydrated trichloride, T1C1MI*0, sometimes 
also long deliquescent needles, containing 2 T1C1 3 . 1511*0. It melts easily, and decom- 
poses with loss of chlorine, the residue consisting, according to Lamy, of tho sesqui- 
cliloride; according to Wert her, of mixtures of the trichloride and protochloride. 

Trichloride of thallium unites with tho chlorides of the alkali-metals, forming colour- 
loss crystallisablo double salts, which easily decompose with separation of thallic 
oxide (Nicklis, J. Pharm. [4], i. 26). — The ammonium-salt , 3NH , Cl.TlGl , .2H 5t O l is 
producod (with simultaneous formation of chlorido of nitrogen) by passing chlorine 
into a solution of thallious chloride containing a large quantity of sal-ammoniac ; more 
readily by digesting the ether-compound of thallic chloride (infra) with sal-ammoniac; 
it then separates in large six-sided tables, belonging to the trimetric system, easily 
(Soluble in water and in alcohol (Nickl&s). — Tho potassium- salt, 3KC1.T1C1.$H 3 0, 
crystallises from a mixed solution of the component chlorides in modified cubes 
(Willm).— 1 The cupric salt , Cu"Cl a .2TlCl s , separates from the mixed solution of its 
constituent Balts, in opaque green crystals, simultaneously with colourless transparent 
prisms, which have not beon examined. (W i 1 1 m.) 

A compound of thallic chloride with cthylic oxide , T1C1 3 .(C-H S ) 2 0.HC1 + H*0, is 
obtained, according to Nickl&s (Jahresb. 1864, p. 252), by passing chlorine into 
anhydrous ether, in which metallic thallium or the protochloride is suspended. Two 
layers of liquid are then formed, the lower containing tho ether-compound, which 
remains behind on evaporating the product at 100° in a stream of carbonic anhydride. 
It dissolves in ether and in water containing hydrochloric acid, decomposes alkaline 
carbonates, and when treated with an excess of the latter, deposits sesquioxide of 
thallium. With sulphurous acid it yields protochloride of thallium. ' . 

THALLIUM, CTANZD1 OF* Obtained by mixing the concentrated solutions 
of potassic cyanide and thallious carbonate, or by neutralising thallious oxide with 
prussic acid (Kuhlmunn) ; more easily by mixing strong solutions of potassic cyanide 
and thallious nitrate (Crookes). It separates in shining crystalline plates, not very 
soluble in water. When heated, it decrepitatos and melts easily, and when intensely 
h dated. on platinum-foil, volatilises without reduction, or alloying with the platinum. 

Fcrroso- thallious Cyanide, or F< rrocyanide of Thallium . precipitated on mixing 
ferrocyanide of potassium with thallious nitrate, forms yellow crystals, slightly soluble 
in water. 

THALLIUM, DITIOTIOV AVD 18TZM ATZOV OF. 1. Reactions in 
the Dry Way . — The behaviour of metallic thallium before the blowpipe, and the 
peculiar characters of its spectrum, have been already described (p. 745). The green 
line Tla is alone sufficient to distinguish thallium from all other elements. ThaUmm- 
salts, when ignited, generally fuse below redness, and then volatilise ; some of them* 
however, os the sulphate and phosphate, will stand a bright-red heat without change ; 
tho chlorides, cm tho other hand, distil over with vapour of water. . On charcoal 
before the blowpipe they volatilise, communicating an intense green colour to the 
flume. > 

2. Reactions in Solution. — a. Thallious salts are for the most part colourhaa* 
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unless the' acid itself is coloured* They are mostly soluble in water, neutral to tost* 
paper, and have a slight metallic taste. Their aqueous solution is rapidly precipitated 
ii» metallic crystals by zinc, and slowly by iron.—Phosphoretted hydrogen precipitates a 
Miiek phosphide. — SulphydsriaMoid added to a solution of a thaliious salt containing a 
weak acid, such as earbomc<#£ aaetic, separates tho whole of the. metal in the form of 
a deep brown sulphide* from ijolntions of thallium-salts of tho stronger acids, such as 
the sulphate or nitrate sulphydric acid precipitates nothing if the acid is in excess, 
and only a small portion qjf the metal if the solution is neutral. — Sulphide of ammo* 
nium precipitates thnlliurti-salts completely, the precipitated sulphide Deing insoluble 
in sulphide of ammonium, in caustic alkalis, thpir carbonates and cyanides, and only 
slightly soluble in acetic acid. — Hydrochloric acid and soluble chlorides precipitate a 
difficultly soluble white chloride; hydrobromic acid and bromides precipitate a white 
nearly insoluble bromide ; and hydriodic acid and iodides precipitato an insoluble 
yellow iodide. — Alkalis , alkaline carbonates, or bicarbonates produce no change in 
thaliious salts ; phosphate of sodium gives a white precipitate, nearly insoluble in am- 
monia, easily soluble in acids. — Chromate of potassium gives a yellow procipitate of 
thaliious chromate, insoluble in cold nitric or sulphuric acid, but. turning orange-red on 
boiling in the acid solution. — Platinic chloride precipitates a very pale-yellow insoluble 
double salt. 

From these reactions it appears that, in examining a mixed metallic solution, 
according to the ordinary method of qualitative analysis (i. 217), thallium will bo 
found in tho precipitate thrown down by sulphide of ammonium, together with iron, 
nickel, manganese, &c. From these metals it may be easily separated by precipita- 
tion with iodide of potassium or platinic chloride, or by reduction to the metallic state 
with zinc. According to Hebberling, iodide of potassium is, next to tho spectral 
relictions, the most delicate of all tests for the presence of thallium, producing a visiblo 
precipitate in a solution of thaliious sulphate, containing only 0*0106 pt. of tho salt in 
1,000 pts. of tho liquid. 

0. Thai lie salts are easily distinguished fronT thaliious salts by their bolmviour 
with alkalis, and with soluble chlorides or bromides. Their solutions give with 
ammonia, and with fixed alkalis and their carbonates , a brown gelatinous precipitate of 
thal lie oxide, containing tho wholo of the thallium. Hydrochloric acid and soluble 
chlorides or bromides produce no precipitato in solutions of pure thallic salts ; but if a 
thaliious salt, is likewise present, a precipitate of eesquichloride or sesquibromido is 
formed. Oxalic acid forms in solutions of thallic salts a whito pulverulent precipi- 
tate, phosphoric acid a white gelatinous precipitate, and arsenic acid a yollow gelati- 
nous precipitato : these three precipitates, nowover, are sparingly soluble only in 
presence of a large, quantity of free acid, so that they are not always produced by tho 
corresponding alkaline salts. — Sulphocyanate of potassium forms in acid solutions of 
thallic salts a black-grey precipitate, in very slightly acid solutions a yellow precipi- 
tate, which is dissolved by boiling water, and at the same time reduced to a thaliious 
salt.. — Chromate of jfotassium docB not procipitate thallic salts (Willm, Jahresb. 
1866, p. 266). According to Strecker, on tho contrary (ibid, p, 263), chromate of 

C otassium forms, in a solution of thallic sulphate, a yellow precipitate, which turns 
rown in contact with water, Thallic nitrate gives with fcrrocyanide of potassium a 
siskin-green, with the fcrrocyanide a yellow procipitate. A solution of thallic sul- 
phate or nitrate, mixed with tartrate of sodium f gives, with ammonia , a white curdy 
precipitate, soluble in excess of ammonia, to a liquid which deposits tho brown sosqut- 
oxide on boiling. But when the sesquioxide is boiled with tartaric acid, carbonic 
anhydride and formic acid arc. evolved, and a solution is formed, which deposits crys- 
tals of thaliious tartrate. The ammoniacal solution of thallic oxide formed in 
presence of tartaric (or phosphoric) acid, gives with sulphide of ammonium or sulphy • 
dric add, a brown precipitate, melting at the boiling neat to a metallically 'lustrous 
bull, which dissolves in hot dilute sulphuric acid, with evolution of sulphydric acid 
and deposition of sulphur. — Iodide of potassium added to tho same ammoniacal solu- 
t ion, forms a black precipitate, which changos on boiling to thaliious iodide mixed 
wit h a small .quantity of iodoform. (Strecker.) 

3. Estimation and Separation. — Thallium, when it occurs in solution as a 
thaliious salt, is most conveniently estimated as protoiodide, Til, ih which state 
it is obtained by precipitation with iodide of potassium. The precipitate is quite 
permanent in the air, and at the temperature at which it is weighed. It is but very 
slightly soluble in water, insoluble or nearly so in saline solutions, alcohol of 92 per 
cent., and aqueous ammonia, but perceptibly soluble in water containing free acids or 
fixed alkalis. On mixing the hot ammoniacal solution of a thaliious salt with iodide 
of potassium, the thaliious iodide separates immediately as a curdy precipitate, which, 
tfter standing for several hours, may be collected on a weighed filter, and washed with 
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qleohol, or, if this ia inadmtaalMei 

weighed: it contains 1 40-40 «»«« AaH (W 

iii. 1 ; Jahresb . 18o4, p. 71^1 # : - . 

Thallium may also be estimated in ttie fiSWTjf J&allious sulphate, but hot onto 
so exactly as by the method just described, * The sulph&te bests & dull red beat with- 
out perceptible volatilisation, but it is volatilised at a ^bright-red beat Thallium is 
very completely precipitated from solutions' thaJlitim-saltfl by platinic chloride ; 
but the precipitated cnloroplatijaate iff troublesome to v znanage, as it is very finely 
divided, and is apt to run through the filter whoif Washed with water or with olcohoL 
(Werther.) 

In solutions of thallic salts, the thallium may be estimated by reducing the thallic 
to thallious salts with an alkaline sulphite, and then precipitating with iodide of potas- 
sium (Crookes), or, by precipitating the thallium with ammonia , as sesquioxide, 
and collecting the precipitate on a weighed filter. The separation of thallious from 
thallic salts may be effected — at least in the case of the chlorides or sulphates, — by 
first precipitating the sesquioxide with ammonia, and then throwing down the re- 
maining portion of thallium from the hot dilute filtrate by iodide of potassium 
(Werther). The separation may also be effected by platinic chloride, which precipi- 
tates only the thallious salt. 

The method of precipitation with iodide of potassium serves also to separate thallium 
from most other metals, the solution being first mixed with an alkaline sulphite to 
ensure the reduction of any thallic salt that may be present to the state of thallious 
salt. If copper is present, the iodide of potassium will throw down cuprous as well as 
thallious iodide ; but by treating the washed precipitate with ammonia, in contact with 
Itho air, the copper will be dissolved out, and the thallium will remain as thallious 
iodide. The separation of copper from thallium may also be effected, though not so 
exactly, by precipitating the copper with sulphuretted hydrogen in an acid solution. 
The same method Berves also to separate thallium from load and silver. The pre- 
cipitated sulphides are apt, howoyer, to carry down small quantities of thallium- 
sulphide. 

Small quantities of thallium often occur in bismuth minerals and preparations mado 
from them, especially the carbonate. To detect the thallium, the dilute solution of the 
substance is mixed with a slight excess of sodium-carbonate, and a small quantity of 
potassium-cyanide, then gently warmed and filtered. If the bismuth-compound con- 
tained only 1 pt. of thallium m 100,000, the addition of a few drops of ammonium- 
sulphide will produce a dark-brown precipitate of thallium-sulphide, which gradually 
collects together, and may bo further examined by the spectroscopic mothod. From 
carbonate of bismuth, thallium may be easily dissolved out by digestion with cyanide 
of potassium, less completely with carbonate of sodium. (Crookes.) 

Volumetric Estimation , — Thallium may he estimated volumetrically with perman- 
ganate of potassium in the same manner as iron. For this purpose it must be in the 
state of thallious chloride, or of a thallious oxygen-salt mixed with hydrochloric acid, 
and the solution must not contain more than 1 gramme of thallium in 500 c.c. ; the 
permanganate-solution should also be more dilute than for the estimation of iron. The 
titration of the permanganate may be made with pure iron, with thallium, or with a 
thallious salt (the alum, for example); 2 at. iron (112 pts.), correspond to 1 at. 
thallium (204 pts.), inasmuch as the protoehloride T1CI is converted by oxidation into 
the trichloride T1C1*, so that 1 at. thallium takes up tho same quantity of oxygen 
as 2 at. iron. The solution of the thallious salt, diluted as above mentioned, is mixed 
with a few drops of hydrochloric and a few drops of sulphurous acid, and heated to 
the boiling-point to expel the latter ; then left to cool, and mixed with the pe rm an g a n ate. 
(Willm, Zeitschr. Ch. Fharm. 1863, p. 479 ; Jahresb. 1863, p. 689.) 

4. Atomic Weight of Thallium . — Lamy, by decomposing the sulphate with 
nitrate of barium, and the chloride with nitrate of silver, obtained numbers varying 
between 203 6 and 204*6 ; mean, 204*2. Crookes found, as a mean of five experi- 
ments, the number 202*96. Werther also estimates it at somewhat lower than 204, 
namely, about 203*6 or 203*7. The number 204 is, however, generally adopted. 


TSAL1 "UM, laVOElBBS OF, Thallium forms two fluorides, TIF and 
TIF*. — Metallic thallium is but slowly attacked by hydrofluoric acid. The carbonate, 
however, dissolves easily in the acid, and the solution deposits thallious fluoride, 
in white hydrated crystals derived from an oblique rhombic prism, with adamantine 
facets ; they are not altered by light. On heating these crystals, the anhydrous 
fluoride, TIF, volatilises as a white, crystalline, anhydrous mass, which blackens like 
chloride of silver on exposure to light. Thallium-fluoride forms an acid solution, even 
after repeated crystallisation. The crystallised compound decomposes slowly on expo- 
sure to the air, giving off hydrofluoric acid (F r. Kuhlm&nn, Bull. Soc. Chi m. [1864], 



j. 67; Jibreeb. 1864, p. 263). M% p. 244), by diwoMne cOK 
bonate of thallium in aqneotS hyfi&fluinc acid, and evaporating, obtained thaUioms 
fluoride, in hydrated, very deli^ue8CenMto«ded tables, *hich gave off their water at 
100°, with partial decomposition XeepiijB ta to B£. Buchner (J. pr. Chem. xlvi, 
404 ), thallious fluoride separates from its solution, by slow evaporation, in colourless 
eubo-octahedrons, having a stropg vitreoug lustre. It dissolves, with alkaline reaction, 
m 1-25 pt. water at 15°, more easily h* boiling water, sparingly in alcohol. When 
heated, it melts, volatilises, and solidifies again in the crystalline form. A solution 
containing excess of hydrofluoric acid deposits, by evaporation over oil of vitriol, 
hydrolhuUious fluoride t HF.T1F, in crystals having the same form as those of thallious 
fluoride. This compound baa an acia reaction, dissolves in an equal weight of water, 
and decomposes above 100° into hydrofluoric acid and fluoride of thallium (Buehner). 
Kuhlmann, by treating carbonate of thallium with silicofiuoric acid, obtained a 
itficojluoride of thallium, , 2TlF.SiF 4 .2H*0. It crystallises in cubic forms, dissolves 
easily in water, forming an acid solution 'distils without decomposition, and attacks 
glass after some time only. Weriher, by treating carbonate of thallium with hydro- 
fluoric acid containing a large quantity of silica, obtained the anhydrous silico- 
fluoride, 2TlF.SiF 4 , in regular octahedrons, distorted so as to resemble hexagonal 
prisms. 

Thallic Fluoride , TIF* is obtained, by the action of strong hydrofluoric acid on 
thallic oxide, as a dark-green precipitate, insoluble in wator and in cold hydrochloric 
acid. When heated, it turns brown, melts, and, at a higher temperature, volatilises, 
probably as thallious fluoride. (Willm.) 

THALLIUM, IODXDI8 OX*. The pro toi odide, or Thallious iodide, Til, 
is formed by direct combination of its elements, or by double decomposition. It forms 
a beautiful yellow powder, rather darker than sulphur, and melting, below redness, to 
a scarlet liquid, which, as the mass cools, remains scarlet for some time after solidifica- 
tion, then changes to bright-yellow. The dried precipitate, when spread on paper with 
a little gum-water, undergoes a similar but opposite change to that experienced liy 
mercuric iodide when heated, the yellow surface when held over a flame suddenly 
becoming scarlet, and frequently remaining bo for several days after cooling ; hard 
friction with a glass rod, however, changes tho scarlet colour buck to yellow (Crookes). 
According to Wert her, thallious iodide precipitated from dilute solutions, is lemon- 
yellow; but when precipitated from hot concentrated solutions, it is orange-yellow at 
first, and afterwards becomes lemon-yellow. When precipitated from a not solution 
of thallious acetate, it retains its orange-yellow colour, and forms anhydrous microscopic 
cubes, or cubo-octaliedrons, which, when heated, melt to a black liquid, and partially 
sublime. Thallious iodide is very sparingly soluble in water, requiring, according to 
Crookes, 4,463 pts. of water at 17‘2°, and 342*4 pfca. at 100°, to dissolve it ; according 
to Hebberling, 1 pt of it dissolves in 11,676 pts. of wator at 16° to 17°, in 864 pts. 
at 100°, and in 18,934 pts. of 98 per cent, alcohol at 19° ; according to Werther, in 
20,000 pts. wator at 13*6°, in 10,000 pts. at 23*4 °, in 6,400 pts. at 46°, and 66,330 pts. 
of 86 per cent, alcohol at 13*5. According to Crookes, it is somewhat more soluble in 
aqueous iodide of potassium than in pure water; according to Hebberling, on the con- 
trary, it ia less soluble in saline solutions, especially in iodide of potassium, than in puro 
wateh. 

Thallic lodide. t Til*.— By the action of iodine on thallium and ether, a brown 
solution is formed, which gradually deposits crystals of tlmllic iodide, easily soluble 
in it her containing iodine. They are rhombic prisms, exhibiting the combination 
. oo Poo , Poo . nPoo , Angle ooP : ooP (macr.) » 79° 46'; ooP : ooPao — 
140° 38'; Poo : oopoe - 160° 36*. (Nicktes.) 

Ammonio-thallie iodide , 3NH 4 I.T1I B , forms red rhombic plates, which, when heated, 
give off water and iodine without melting. (Nick 16 s.) 

When 1 at. thallious iodide itf- treated with a solution of 2 at. iodine, in alcoholic 
iodide of potassium, the liquid deposits, on evaporation, large crystals of potassio- 
thallic iodide t KI.T1I*, which are black by reflected, garnet-red by transmitted light, 
and yield a bright-red powder. This compound is resolved at 66° — 60°, and more 
completely at 100°, into iodide of potassium, thallious iodide, and free iodine; it is 
also decomposed by water. (Willm, Jahresb. 1864, p. 261.) 

YBALLZUM, OXXBSi 07. Thallium forms two oxides— namely, a protoxide, 
Tl’O, and a sesquioxide, T1*0*. It oxidises in the air almost as rapidly as an alkali- 
metal, the surface soon becoming covered with a thin film of oxide, which protects the 
metal from further oxidation. The superficial tarnish consists of the protoxide con- 
taining a minute quantity of the sesquioxide. If the metal has been oxidised at 100° 
father more sesquioxide is formed, and at the melting-point of the metal, the protoxide 
*hich forms is mixed with a large quantity of sesquioxide. Thallium, when melted, 
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J?ehaves like lead, the oxide Rising like litharge ; the fused oxide is absorbed bv km*, 
ash, and a sllver-thaUiurg alloy canbe cupelled like silver-lead. Thallium does notdecom'. 
pose pure water, either at the common temperature, or when boiling ; but at a red heat 
the vapour of water is decomposed by thalliuin, with formation of oxide and separation 
of hydrogen, which burns with a green flame. Alcohol appears to be decomposed bv 
the metal more readily than water. * r ^ 

(Respecting Schonbein’s enervations on tho reactions of thallium with ordinary 
oxygen, ozone, and hydric peroxide, see J. p t. Uhem. xciii. 35 ; Bull. Soc. Chim. 1884 
i. 180 ; Jahresb. 1864,. p. 170.) 

Protoxide of Thallium r or Thallious Oxide , TPO. — This oxide may bo 
propared by allowing granulated thallium to oxidise in warm moist air, and then 
boiling in distilled water. By repeating this operation two or three times, a saturated 
hot solution of the oxide is formed. Upon filtering, the small quantity of carbonate 
which may have formed separates at first in white needles, whilst, upon further 
cooling, tho hydrated oxide crystallises out in yellow needles. 

Anhydrous protoxide of thallium is formed by exposing these yellow crystals in a 
vacuum over sulphuric acid; it thon forms a reddish-black mass, retaining the shape 
of tho crystals.. When heated to about tho melting-point of tho metal, it molts to a 
brown limpid liquid, which, at a higher temperature, evolves reddish-brown Vapours, 
partially oxidising at tho same time to the sesquioxido. On cooling, the brown liquid 
solidifies to an almost black crystalline mass. Tho fused oxide attacks glass and 
porcelain, removing the silica. Protoxido of thallium is decomposed by hydrogen at 
a red heat, forming water and metallic thallium. The decomposition, however, is 
nover perfect, because the oxide. melts and volatilises. When fused with sulphur, it 
• forms sulphido of thallium, and in aqueous solution it is reduced to the metallic state 
by zinc, or by the electric current. 

Hydrated Oxide of Thallium^ or Thallious Hydrate , T1 2 0.H 2 0 or T1HO, is prepared 
as above described, or it may be obtained, as recommended by Lamy, by decomposing a 
solution of the sulphate with baryta-water, and evaporating the alkaline solution in a 
vacuum. This method, however, is somewhat tedious, and thore is great difficulty in 
getting tho oxide free from baryta. The best method of obtaining perfectly pure 
thallious hydrate, is to add water to the oily compound of oxide of thallium and alcohol 
(p. 767). This at once separates the hydrate in tho form of a bright-yellow crystalline 
mass, which may bo separated from water and alcohol by oxposureto warm dry air. 

Thallious hydrate forms pale-yellow, long, prismatic crystals, which lose water, and 
become almost black and anhydrous by oxposure to tho temperature of a water-lwith 
in air, or over sulphuric acid in a vacuum at the common temporaturo. On the addition 
of wat er, the dark oxide immediately bocomcs hydrated and yellow. It has a slight 
tendency to absorb oxygen, and aftor evaporation and re-solution, it always leaves a 
slight residuo of sesquioxido. 

Willm, by a method which he does not describe, oneo obtained thallious hydrate in 
rather large rhombic crystals, containing TIHO.H‘0. 

Aqueous Solution . — Protoxide of thallium is a powerful base, dissolving readily in 
water, and forming a colourless strongly alkaline solution. It has a slight odour, 
similar to that of potash, dissolves the skin and feels greasy, acts strongly on the 
hair and nails, staining them a deep and very permanent brown colour. It blues 
litmus-paper, browns turmeric-paper, has a metallic alkaline taste, and neutralises 
. acids perfectly. It eliminates ammonia from ehlorido of ammonium, and reacts with 
hydrochloric acid, iodide of potassium, sulphide of ammonium, &c., in the character- 
istic maunor of a thallium-salt. An aqueous solution of thallious oxide has a 
greater similarity to potash than to ammonia in its reactions with metallic salts. 
When added to solutions of salts of magnesium, cerium, manganese, zinc, cadmium, 
lead, iron (ferrous or ferric), cobalt, nickel, copper, mercury, or silver, or to thallic 
salts, it precipitates the respective oxides, without red issolving them in excess. From 
salts of aluminium and chromium it precipitates the hydrated oxides, and easily 
redissolves thorn when in excess, forming with alumina a solution which is not alter'd 
by boiling, but is precipitated by a current of carbonic anhydride; and with chromium 
a green solution precipitated on boiling. 

Sesquioxidc of Thallium , or Thallic Oxide , T1 ? 0*. Peroxide of Thallium . — 
This oxide is always formed when metallic thallium is heated, or oven when a solution 
of the protoxide is evaporated in the air. When the metal is burnt in oxygen, tho 
product is chiefly sesquioxido. This oxide is best prepared by adding potash, am- 
monia (or even protoxide of thallium) to a solution of a thallic salt, and drying the 
washed precipitate at about 260°. It is also formed when a voltaic current from two 
cells of Grove's batteries is passed through a solution of thallious sulphate, platinum 
terminals being used. If the solution is perfectly neutral, thallium slowly makes its 
appearance at the negative polo, whilst tho positive pole becomes coated with a film, 
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pitoentirg at first the most brilliant colours of thin plates, and gradually increasing , 
{j, Si ckn ess until it becomes a cake of thallio oxide. A a the sulphuric acid accumulates 
in the liquid, the thallic oxide at first formed gradually dissolves. If the solution of 
thallions sulphate is rendered alkaline by ammonia, the thallic oxide is formed in 
huger quantity, scaling off and falling to the bottom of the liquid. (C rookes.) 

thallic oxide is also precipitated in the' anhydrous state, on adding sodic hypo- 
cMorito to a solution of thallious chloride in sodic carbonate. (Strecker.) 

Anhydrous thallic oxide is a dark-brown'lpowder, fusing with difficulty, and evolving 
oxygen at a red heat, whereby it is reduced to thallious oxide. It is neutral to test- 
mper, insoluble in water and in alkalis, but dissolves readily in acids, forming hypo- 
metric and unstable salts, from the solutions of which the sesquioxide is completely 
precipitated by alkalis. According to W orthor, the sesquioxide is partially reduced 
to protoxide in drying. 

Thallic hydrate, T1 2 0*.H 2 0 «* TTTEIO*, is obtained by drying the precipitated sesqui- 
oxido at 100°. It forms a brown powder, a shade lighter than the anhydrous oxide. 
Deoxidising agents, such as sulphurous or oxalic acid, convert it into a thallious salt ; 
partial reduction also takes place on evaporating its solution in hydrochloric acid. 
(Werther.) 

TBALLZtTM, OXYOBV-BAITB OF. Both the oxides of thallium dissolve 
readily in acids, forming definite crystaliisable salts, soluble in water; there are also 
a few insoluble thallium-salts, which are obtained by double decomposition. The 
general characters, both of the thallious and of the thallic salts, have been already 
described (p. 749). 

a. Thallious Salts. 

A cst ate, C*H*T10*. — This salt is obtained, in white silky needles, by dissolving 
thallious carbonate in a slight excess of strong acetic acid, evaporating, fusing the 
residue, dissolving it in water, and again evaporating. It begins to decompose at 171°, 
dissolves easily in water and in alcohol, and deliquesces in moist air. From its 
solution, the thallium is immediately and completely precipitated by Bulphydric acid 
(Crookes). It crystallises from alcohol in silky needles. (Kuhl maun.) 

A u s h n at e &.-—Dihydro-tkallious arsenate , TIH*AsO<, is obtained by boiling thftllie 
oxide with arsenious acid and water, and crystallises from tho concentrated solution 
iu hard shining needles, unalterable at 150®. It dissolves readily in water, and the 
solut ion, on addition of ammonia, solidifies to a magma of slender crystals, consisting 
of the trUhallious salt , TPAsO 4 . (Will m.) 

Bkxzoate. — C rystallises in pearly plates, and is notvol&tilo. (Kuhlmann.) 

Bo bate. — B oric acid added to a solution of thallious carbonate, or borax added to 
the sulphate, throws down a white granular procipitate of thallious borate, insoluble 
in an oxcess of the precipitant, and in cold dilute sulphuric acid ; soluble in boiling 
water. 

Bhohate, TlBrO*. — Resembles the iodate. 

Cabbohate, Tl*CO». — The film of oxide which forms upon the surface of metallic 
thallium, when exposed to the air, gradually absorbs carbonic acid, and beepmes con- 
verted into carbonate, which frequently appears in the form of crystalline needles. A 
saturated aqueous solution of thallious oxide absorbs carbonic ucid rapidly, and 
deposits the carbonate in crystals. Thallious carbonate may be prepared in quantity 
by allowing granulated thallium, slightly moistened with water, to oxidise in a worm 
atmosphere. Upon boiling out with water containing an excess of ammonium- 
carbonate, and filtering, thallious carbonate is deposited, as the solution cools, in 
^ ti?*™! 1 c ry«toi«» which may be rendered colourless by recrystallisation. 

Thallious carbonate crystallises in groups of prisms, exhibiting faces comprised in 
one zone, and apparently belonging to the trimetric system. Observed faces ooP oo, 
°°£» coP2, j»? 2 . Angle oe£« : ooP - 128° 3 V ; oof od : 00JP2 - 147° 68'; 
qdP 00 : c»P2 « lljo 3'; 00 P : 00 P - 102° 66'. The crystals appear to be 
twins with the combination-face coP ; they cleave parallel to the same face (W. H. 
"tilier, Proc. Roy. Soc. xiv. 665). — The crystals are brilliant, highly refractive, and 
^ry heavy, resembling those of a lead-salt. The salt is anhydrous; its taste is 
tmuily caustic and somewhat metallic, remaining on the tongue for a considerable 
ime. When heated, it melts much below redness to a clear liquid, which solidifies to 
a dark-gre^crystalline mass. It may be kept fused for a considerable time without 
recomposition or loss of weight, but, when heated to dull redness, evolves white 
upours and bubbles of gas. The specific gravity of the fused salt is 7*06 (La my), 
t is not very soluble in cold water; 100 pts. of water dissolve 4*02 pts. at 15*6°, 
P**" &t 60°, 27*21 pts. at the boiling-point The specific gravity of a cold 
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saturated solution is 1*0377 (Crookes). The solution has a slightly caustic 
metallic taste and alkaline reaction, which is not completely removed by supernatural 
tiou with carbonic acid. (Crookes; compare W ertner, Jahresb. 1864, p. 249.) 

Chlorate, T1C10*. — Prepared by dissolving thallium in chloric acid, or by mixing 
the saturated solutions of potassium-chlorate and thallious ‘nitrate. It is sparingly 
soluble in water, and crystallises in long anhydrous needles. Its solution, when 
heated, turns yellow, and gives off oxygen-compounds of chlorine ; and the liquid, 
evaporated to a syrup, deposits small, brilliant, colourless crysrals, which are instantly 
decomposed by water, alcohol, or ammonia, with formation of brown thallic oxide. 
(Crookes.) 

Chromates. — T h o neutral salt , TICrO 2 or Tl 2 0.Cr 2 0 8 , is a pale-yellow precipitate, 
obtained by adding yellow chromate of potassium to a neutral solution of a thallious 
salt, rendered slightly alkaline by ammonia. It is very sparingly soluble in water. — 
The dichromate , Tl 2 0.2Cr 2 0 8 = 2TlCrO'.Cr' 2 O a , is obtained as an orange-yellow preci- 
pitate, on adding dichromate of potassium to a neutral thallious salt (Crookos). 
According to Willm, it is deposited, in microscopic orange-yellow crystals, from a 
solution of the neutral salt in boiling dilute sulphuric acid. 

By boiling either of the preceding salts with moderately strong nitric acid, a solu- 
tion is obtained, which on cooling deposits cinnabar-coloured crystals, probably consist- 
ing of the trichromate , Tl 2 0.3Cr 2 0 3 , or TlCr0 2 .Cr 2 0 3 . They are very sparingly soluble 
in water, 100 pts. of water dissolving only 0*0354 pts. at 15*5°, and 0*2279 pts. at 
100° (Crookes). — A sesquichromate, 2Tl 2 0.3Cr 2 0 3 or 4TlCr0*.Cr 2 0 3 , separates from 
a solution of the neutral salt in moderately concentrated sulphuric acid. (Willm.) 

All the chromates of thallium are decomposed by strong hydrochloric acid, with 
evolution of chlorine, and formation of soluble chromic and thallious chlorides: on 
treating them with hydrochloric acid and alcohol, the whole of the thallium is separated 
as insoluble protochloride, whilo chromic chloride passes into the solution. Sulphate 
of sodium likewise separates the whole of the thallium as protochloride. (Crookes.) 

Citrate, C*H 4 T1 8 0 7 . — Very deliquescent ; crystallisos with difficulty; soluble in 
alcohol. (Kuhlmann.) 

Cyan ate. — Precipitated on mixing the alcoholic solutions of potassium-cyanato 
and thallious acetate, in small brilliant plates, very soluble in wator, slightly soluble 
in alcohol. (Kuhlmann.) 

Formate, CHTIO 2 . — Prepared by dissolving the carbonato in formic acid. It is 
very soluble in water, and melts, without decomposition, below 100°. (Kuhl- 
ninnn.) 

II y p o s u I. r n a t e or I) i t hi o n a t e, T1 2 S 2 0 8 . — Very soluble in water, from which 
it separates in vitreous tabular crystals, probably isomorphous with the corresponding 
potassium-salt. (Wert her.) 

Hyposulphite. — Sodio-thallious hyposulphite , 3Na 2 S 2 0 8 .2Tl 2 S 2 0 3 , obtained by 
dissolving thallious chloride in a boiling solution of sodie hyposulphite, crystallises in 
long, silky, interlaced noodlos, containing 10 at. water; or from a small quantity of 
water in small grains, the quantity of crystallisation-water in which has not been 
determined. At a red heat it is resolved into sulphide and sulphate of sodium, and 
fused, brightly glowing sulphide of thallium. (Wert her.) 

Iodate, TIIO 3 . — Precipitated, on mixing iodide of potassium with nitrate of thal* 
Hum, as a whito powder, slightly soluble in cold, more easily in warm water. (Oet- 
tinger.) 

Mai. ate. — Deliquoscent ; crystallises with difficulty ; melts below 100°. (Kuhl- 
mann.) 

Molybdate, TIMoO 2 , or Tl 2 O.Mo 2 O s . — Obtained by double decomposition with 
molybdate of sodium and nitrate of thallium, and separates in nacreous scales, which 
dissolve sparingly in pure, easily in ammoniacal water. (Oettingor, Zeitschr. Ch. 
Pharm. 1864, p. 440.) 

Nitrate, TINO 8 . — Crystallises from a solution of thallium in nitric acid, in dull 
white needles, which melt at 205°, with separation of a small quantity of thallic oxide. 
The salt thus purified gives no precipitate with ammonia. It has a specific gravity of 
6*8, is insoluble in alcohol, but soluble in water, the saturated solution containing 9*7 
per cent, of the salt at 18°, 43*7 per cent at 58°, and 55 per cent, at 100° (Crookes). 
The crystals are trimetnc, exhibiting the several combinations ooPoo „ P; ooP . P . 
2f2; ooPoo . Poo . P.2P2; ooPoo . ooP . oof>2 . P . 2^2; ooPoo .Poo . ooP . 
oof2 . P . 2P2. Angle ooPoo : Poo =* 141° 51*9'; ooPoo : ooP =* 117° 3*7 ' ; f®. 

: Poo (macr.) * 76° 16'; P : P (brach.) - 136° 13'; P: P (macr.) - 86° 15*2'; 
P ; P (basal) « 110° 5'. No distinct cleavage. The index of refraction, for the 
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brightest part of the spectrum, in the plane of the basal principal section, and for the 
raj polarised in this plane, is about 1*817. (W. H. Miller.) 

OiALiTis, C*T1*0 4 and C*HT10V — Already described under Oxalic Acid (tv. 
266). — Cuprico-tkollioue o&mtote, C 4 Cu’’Tl*O l .2H f O, crystallises from a solution of 
cupric carbonate in acid tballious oxalate, or from & mixed solution of cupric oxalato 
and neutral thallious oxalate, in slender flattened needles ; it is partly decomposed by 
recrystallisation. (Willm.) 

Pbbkatb, C # H*T10. — Precipitated as a crystalline powder, on mixing a thallious 
salt with phenie acid. It iB sparingly soluble in cold water, and crystallises from hot 
water in beautiful slender needles; melts without decomposition (F. Kuhlmann, 
Jun., Bull. Soe. Chim. [1864], i. 330). — Tho phenylsulphamate, or sulphanilate, is deli- 
quescent, slightly soluble in alcohol, insoluble in ether, and crystallises very easily 
from a mixture of water, alcohol, and ether. 

Pkosphatbs (Lamy, Ann. Ch. Phys. [4], v. 410). — Tho phosphates of thallium 
form a series nearly as complete as those of the alkali-metals, which they also resem- 
ble in their behaviour when heated. They are all colourless, nearly all oasily soluble 
in water, and insoluble in alcohol. Their concentrated aqueous solutions yield, with 
nitric acid, a precipitate of thallious nitrate, and with caustic alkalis (but not with 
alkaline carbonates, or even with caustic alkalis in presence of carbonates), a precipi- 
tate of sparingly soluble tri thallious orthophosphate. 

Metaphosphate, T1PO*. — This salt exists in two different modifications. The 
first remains on igniting monothallious orthophosphate, (T1H*P0 4 ), as a vitreous 
opaline mass, very slightly soluble in water ; its solution does not precipitate albumin 
diroctly, but only after addition of orthophosphoric acid. The second modification is 
obtained by igniting ammonio-thallious orthophosphate, as an easily soluble glass, 
whose solution is strongly acid, yields no crystals, but precipitates albumin imme- 
diately. It is also produced by fusing the insoluble modification with a few drops of 
orthophosphoric acid. 

Orthophosphates. — The monothallious salt , TlH a PO\ is formed on mixing the 
dithallious salt with a quantity of phosphoric acid sufficient to give it an acid reaction. 
It crystallises from a solution concentrated by evaporation, in nacreous laminee, easily 
soluble in water, insoluble in alcohol. It melts without alteration at 100°, and is 
converted, at a stronger heat, first into acid pyrophosphate, then, at a red heat, into 
metaphosphate. 

The dithallious salt , T1*HP0 5 , is produced by neutralising dilute phosphorie acid, at 
the boiling heat, with carbonate of thallium. Tho solution evaporated to a syrup 
first deposits crystals of the anhydrous salt, then other crystals containing 2T1HPO*. 
H v O. — a. This hydrate, on account of its easy solubility, is difficult to obtain in well- 
defined crystals. It melts at 146°, without loss of weight, gives off its crystallisation- 
water with tumefaction at 170° (becoming also less soluble), and is converted, ata 
dull red heat, into vitreous pyrophosphate . — $. The anhydrous salt, Tl*HPO\ is 
easily soluble in the warm concentrated mother-liquor, but very sparingly in pure 
water, apparently suffering partial decomposition at the same time into monothallious* 
and trithallious orthophosphate. 

Tho trithallious or normal salt , Tl'PO 4 , first obtained by Crookes, is formed as a 
cxystallino precipitate having a silky lustre, on mixing the saturated solutions of 
ordinary disodic phosphate and thallious sulphate (probably together with double 
phosphates of sodium and thallium, inasmuch as tho liquid, after precipitation, exhibits 
an alkaline reaction) ; also, togethor with ammonio-thaliioiis phosphate, on treating 
the mono- or di-thallious salt with excess of ammonia. By fusing l at. thallious meta- 
phosphate with 2 at. thallious carbonate, as long as gas continues to escapo, and 
pouring out the mass bofore it is quite solidified, trithallious orthophosphate is ob- 
tained, in needle-shaped crystals, one or two centimetres long. It melts, at a red heat, 
to a yellowish-rod liquid, which solidifies at 10° to a white crystalline mass, of spcciAc 
gravity 6*80. It is but sparingly dissolved by water, even at the boiling heat. 
According to Crookes, 100 pts. water dissolve 0*497 pt. of it at 1 5*6°, and 0 6712 pt. 
at 100°. 

Ammonio-thallious orthophosphate crystallises from the mother-liquor of the trithal- 
lious salt in large transparent prisms. When ignited it leaves thallious metaphosphate, 

Pyrophosphates,— The dithallious or acid salt , Tl 2 H*P^O% produced by carefully 
heating monothallious orthophosphate, is extremely soluble in water, and crystallises 
from the acid solution in short prisms. — The tetrathallious or neutral salt , Tl 4 PH) T t 
remains, on strongly heating hydrated dithallious orthophosphate (a), as a vitreous 
mass very soluble in water, and crystallises from the solution evaporated to a syrup, in 

3 c 2 
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confused needles, which are decomposed by water, with separation of a while precijn- 
tate. The anhydrous dithallious orthophosphate ($) yields the pyrophosphate with 
different properties— namely, as an opaque crystalline mass, whose solution yields, by 
evaporation, large prisms which are likewise decomposed by pure water. (La my.) ' 

Pic bate, C # H 2 T1(N0 2 ) 8 0.— Soluble in water, nearly insoluble in alcohol; crystal- 
lises like the potassium’Salt, in yellow needles, which have a silky lustre, and deto- 
nate singly when heated. — The picramate, C B HT1(NH 2 )(N0 2 )’0, is a black-red 
crystalline precipitate, nearly insoluble in alcohol, and separating from boiling water 
in small regular crystals. (F. Kuhlmann, Jun.) 

Racemate or Paratartrate, C 4 H 4 T1 2 0 8 .— Very soluble in water ; forms 
groups of crystals apparently belonging to the dimetric system. (Kuhlmann.) 

Selenates and Selenites. — See pp. 229, 231. 

Sulphates. — S eep. 614. 

Tartbates. — See p. 680. 

Tungstate.— White powder, sparingly soluble in water ; obtained like the molyb- 
date. (Oettinger.) 

Urate. — Obtained by double decomposition ; almost insoluble in water. (KuhL- 
mann.) 

Valerate, C 4 H 9 T10.— Very soluble in water and in alcohol; resembles the 
acetate. (Kuhlmann.) 

j8. Thallic Salts. 

Acetate, T1 2 0*.C'H*0».3H 2 0, or Tl'"(C , H s O , ) , .2TrH s O s .5H s O— Crystallises by 
spontaneous evaporation of a solution of thallic oxide in strong acotic acid prepared 
at the boiling heat, in colourless plates belonging to the rhombic system (sometimes 
accompanied by small prismatic crystals, probably of thallious acetate). These 
crystals, when exposed to the air, quickly turn brown on the surface ; and are decom- 
posed more quickly, at a gentle heat, into acetic acid and thallic oxide, the decomposi- 
tion being nearly complete at 100°. The salt is also immediately resolved into its 
constituents by water. (Willm.) 

Arsenate, Tr'As0 4 .2H 2 0. — Obtained, like the phosphate, as a lemon-yellow 
gelatinous precipitate, soluble in hydrochloric acid. Ammonia added to the solution 
throws down, first a bulk} crystalline salt, which appears to differ from the preceding 
by its amount of crystallisation-water ; on further addition, a yellow dithallie salt, and 
finally a brown precipitate. (Willm.) 

Nitrate THNO 3 ) 1 , separates from a concentrated solution, in colourless well- 
defined crystals containing 3 at. water (Strecker), 4 at. (Willm). The salt 
decomposes at 100°, with separation of brown thallic oxide. 

Oxalate C B iTO l2 .— Obtained (mixed with thallious salt) as a white crystalline 
powder, nearly insoluble in water, by heating thidiic oxide with aqueous oxalic acid 
or by precipitating a solution of a thallic salt with oxalic acid. (Willm. 

• Ammonio-thallic oxalate, C*Tr(NH<)0*.3lPO, is formed, on mixing thallic sulphate 
with ammonium-oxabito, as a white precipitate, quite insoluble in cold water, and 
converted, by boiling with water, into thallious salt, with evolution of carbonic anhy- 
dride; when ignited it leaves fused metal. (Strecker.) ; . 

Phosphate T1"T0 4 .2H 2 0. Separates, on diluting the solution of the nitrate mixed 
with phosphoric acid, “as a gelatinous precipitate having a ^alline aspect It » 
insoluble in water, but dissolves in strong nitric and ***** 

Ammonia added to the latter solution throws down a green basic salt, T1 0 .2T1 TO . 
6H*0 ; afterwards brown thallic oxide. 

Sulphate, already described (p. 614). 

TBAUnrMs PHOSPHIDE OP* Phosphoretted hydrogen passed, through 
an aramoniacal solution of thallious sulphate, precipitates phosphide of thallium, as a 
black insoluble powder permanent in the air at ordinary temperatures. 

THALLIUM, BfiLBVIDB OP. Tl 2 Se.— Obtained as a greyish-black mass, by 
fhsing the two elements together in equivalent proportions (Lamy). By passing selenhy- 
dric acid gas into a solution of thallious carbonate, the same compound is precipitated 
in LTshTning laminae, which turn black on drying It melts at 340<> and gives off 
selenhydric acid when treated with sulphuric or hydrochloric acid. (Kuhlmann, 
Jahresb. 1864, p. 263.) * • •. 

VKAEUine, SUEPHXDH OP. TPS.— 1 This compound is precipitated from 
all thallious salts by sulphide of ammonium, and from the acetate, carbonate, or 
Oxalate by sulpbydric acid (incompletely also from the nitrate, sulphate, oar chlonde), 



in dense flocks of a greyish or brownish-black colour. The precipitate oxidises in 
the air, and must therefore be washed with water containing sulphydric acid. It 
dissolves easily in dilute sulphuric or nitric acid, but is insoluble in sulphide of am* 
monium and cyanide of potassium. A cold (not too dilute) solution of thallious 
sulphate acidulated with a trace of sulphuric acid, yields, with sulphydric acid, shining 
black-blue laminee of pure thallium-sulphide, appearing under the microscope to be 
made up of tetrahedrons, and more permanent than the amorphous sulphide 
(Hebberling). Thnllic salts appear to bo reduced to thallious sulphide by boiling 
with sulphide of ammonium. Sulphate of thallium projected into fused cyanide of 
potassium, is reduced to sulphide, which then forms a brittle metallic-looking mass, 
having the lustre of plumbago, and fusing more readily than metallic thallium. 

THALinrM-BllllAMXDB. CMT’TINO. — Benzamide dissolves freely in 
a hot aqueous solution of thallious oxide, the pxccbs crystallising out on cooling ; and 
on adding a large excess of absolute alcohol to the filtrate, thalXium-benzamide sepa- 
rates in fine needles, soluble, with alkaline reaction, both in hot and in cold water. It 
molts without decomposition. When moderately heated, it becomes dark at a higher 
temperature, and evolves white inflammable vapours, burning with a smoky greenish 
flame, and decomposes completely at a red heat, leaving fused oxide of thallium. 
Hydrochloric acid added to the aqueous solution, throws down protochloride of 
thallium, together with benzamide. (Church and Crookes, Chom. Soc. J. xvii. 
151.) 

THALLIUM-BTHISB. Thallium-alcohols . (La my, Compt. rend. lv. 286; 
Ann. Ch. Phys. [4], iii. 373 ; JahreNb. 1864, p. 463.) — Compounds formed by the 
action of thallium upon alcohols, analogous to those produced m like manner by the 
alkali-metals. 

Thallium-amylate , C 5 H M T10, is produced, though slowly, by the action of 
thallium on amylic alcohol ; more readily by heating equivalent quantities of thallium- 
ethylateand amylic alcohol to 140° — 160°, whereupon ethylic alcohol passes over first, 
then the excess of amylic alcohol, leaving the thallium-amylate in the form of a 
heavy oil, smelling like amylic alcohol, und having a specific gravity of 2*405 to 2*618. 
Its index of refraction for the lino B is 1*572 at 20°. It does not solidify at 20 u ; 
dissolves easily in amylic , less easily in ethylic alcohol ; with chloroform and ether } it 
behaves like the ethyl-compound {infra). When heated, it first gives off hydrogen, 
then amylic alcohol, and leaves a mixture of metallic thallium with thallious carbonate 
and valerate. It also decomposes, but less quickly, in contact with air or water. It 
bums with a white, moderately luminous flame. 

Thallium-ethylate , C’lPTlO. — Produced, with evolution of hydrogen, when 
thallium and ethylic alcohol are heated together to 100° in a sealed tube (Church). 
Larny prepares it by suspending thin plates of thallium within an exhausted bell-jar, 
over a shallow dish containing absolute alcohol, and passing pure oxygen-gas (free 
from water and carbonic anhydride) into the jar. At 20 c V-26°> the thallium is con- 
verted, within 24 hours, with simultaneous formation of water, into ethylate of thal- 
lium, which collects in the dish. After bcin|f frcod from excess of alcohol, by heating 
to 100°, jt remains as an oil of specific gravity 3*480 — 3*663, being, next to mercury, 
the heaviest liquid known. Its expansion -coefficient, between 0° and 100°, is 0*072, 
At —3° it solidifies, with considerable contraction of volume. By prolonged heating, 
or by keeping in a vacuum, it suffers partial decomposition, becoming brown, increasing 
in density to 3*685, and requiring a greater degree of cold to solidify it. In refrac- 
tive and dispersive power, it exceeds all other liquids, as shown by the following 
numbers (determined for a temperature of 20°) : — 


Refractive power. 

t * 1 1 1 —■ i . 

____ , - Line B. Line D. Line H, 

Thallium-ethylate, specific gravity 3‘660 1*6615 1-6676 1*7160 

„ „ „ „ „ 3*612 1*6726 1*7170 1*7678 

Carbonic disulphide . . . 1-6140 1*6330 1*0935 

Thallium-ethylate dissolves in about 5 pts. of absolute alcohol ; it the alcohol is not 
quite anhydrous, white thallious hydrate is deposited. With pure ether free from air, 
it forms a clear solution ; with ether containing water, the liquid soon becomes 
yellowish or brown, and deposits radio-crystalline thallious hydrate, which gradually 
turns brown. This reaction is so delicate, that it may be used as a test for toe purity 
of ether. Thallium-ethylate likewise dissolves freely in chloroform j but the solution 
noon becomes turbid, and deposits crystal 1 i aed protochloride of thallium, together with 
a substance which colours the latter dark-rod, and is very sensitive to light ; the 
liquid, which has become strongly acid, contains a salt of funuic acid. 


Dispersive 

power* 

00975 

0*0963 

0*0795 
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Thallium-ethylate, when heated, gives off hydrogen slightly at 1 30°, regularly' 
between 170° and 180°, alcohol distilling over at the same time, thallium being de- 
posited in shining laminae, and a strongly alkaline residue being left containing thal- 
lious carbonate and acetate. Above 200°, carbonic oxide ana carbonic dioxide are 
given off, together with small quantities of acetone and acetic acid. Thallium-ethylate 
decomposes when exposed to the air, and still more quickly in contact with water, 
yielding alcohol and thallious hydrate. On keeping it (best under a layer of absolute 
alcohol), the sides of the vessel become gradually coated with black thallious oxide. 
When set on fire by the flame of a candle, it bums with a green, slightly luminous 
flame, leaving black thallic oxide and metallic thallium. — Potassium and sodium 
slowly separate metallic thallium from it, but it is not decomposed by iron, zinc, lead, 
or even by the electric current. — With sulphuric or hydrochloric acid, it yields alcohol 
and a thallious salt; dry carbonic dioxide unites directly with it, forming a white solid 
body, which is resolved by heat into metallic thallium and cmpyreumatic products. 
Whon thallium-ethylate is suddenly mixed with carbonic disulphide, a violent action 
takes place, resulting in the formation of a black sulphur-compound; but if the thal- 
lium-ethylate be slowly dropt into the carbonic disulphide, a bulky, yellowish, gelati- 
nous mass is formod. (La my.) 

Thallium-methylate , CH*T10, is formed, in small quantity only, by the process 
Which yields the ethyl-compound, but it is very easily obtained by treating ethylate or 
amylate of thallium with excess of methylic alcohol. Considerable rise of temperature 
then takes place, and methylate of thallium separates as a whito solid substance, 
which, by fusion and cooling under the liquid, may be crystallised in thick oblique 
prisms. Whon quickly pressed between filter-paper, and dried in a vacuum in contact 
with a few lumps of sodium, it forms a white solid mass, alterable in contact with the 
air, about five times as heavy as water, slightly soluble in methylic alcohol and in ether , 
somewhat more soluble in chloroform. When heated, it gives off a large quantity of 
carbonic oxide, together with hydrogen and methylic alcohol ; and when set on fire, it 
burns with a flame strongly tinged with green. 

On thallium -phenyl ate, see p. 765 ; on the compounds of thallious chloride and bromide 
with ethers , pp. 747, 748. 

TSALLXUM-GLASB. By substituting thallium for lead, or for potassium, in 
tho preparation of flint-glass, glasses are obtained of great density and refracting power. 
By fusing together 300 pts. of sand, 200 of minium, and 333 carbonate of thallium, a 
perfectly homogeneous glass was obtained, having an agreeable yellow tint, and very 
brilliant. Its density was 4*233, and its index of refraction (for tho yellow ray) 1*71 ; 
it is therefore denser and more refractive than any glass hitherto known. By altering 
the proportions of thallium, glasses have been obtained, varying in density from 4*235 
to 5 025, and having indices of refraction ranging from 1*71 to 1*965. (Lamy, Bull. 
Soc. Chim. [1866], i. 164.) 

THAL1ZTJM-TSZAKZNE. N 8 Tr'H®.— Thallic oxide dissolves in sal-ammo- 
niac at the boiling heat, and the cold concentrated solution yields with ammonia a 
heavy white precipitate, consisting of T1C1 8 .3NH 8 , or probably hydrochlorate of thal- 
lium-triamine, N 8 Tr"H*.3HCl. It is decomposed by water, yielding thallic oxide and 
sal-ammoniac : 

2(T1C1*.3NH 8 ) + 3B?0 « Tl 2 O s + 6NH 4 C1. 

When heated in a sealed tube, it is resolved into ammonia, an ammonium-salt, and a 
chloride of thallium, probably T1 2 C1 8 . Its solution in hydrochloric acid yields cubic 
or octahedral crystals of the double salt, 3NH 4 C1.T1C1 8 . (Willm, Jahresb. 1863, 
p. 261 ; 1864, p. 251.) 

TBAL&OCB&ORl ( A name applied by Knop and Schnedermann (Ann. 
Ch. Pharm. lvi. 147, 154) to the green colouring-matter of lichens, which they regard 
as different from ordinary chlorophyll. 

TBARAITOXTa. Syn. with Bitter Spar (i. 600). 

THBBiLKlttB. C ,8 H 8, N0 8 . Paramorphine. (Pelletier, J. Pharm. xxi. 569.— 
Couerbe, Ann. Ch. Phys. [2], lix. 155.— Kane, Ann. Ch. Pharm. xix. 9.— Ander- 
son, i/nd. lxxxvi. 179.)— An organic base existing in opium. It was discovered in 
1835 by Pelletier, who obtained it by treating the extract of opium with milk of lime 
in excess, washing the calcareous precipitate with water, and exhausting it, after 
drying, with boiling alcohol. The alcoholic solution leaves on evaporation a residue, 
from which thebaine may be dissolved out by ether. 

Anderson obtains thebaine from the mother-liquors of the preparation of narcotine. 
The alcoholic liquor from which the first strongly-coloured crystals of narcotine have 
been deposited, yields by evaporation, an amorphous residue consisting of a large 
quantity of resin, a little narcotise, and all tho thebaine contained in the opium. This 



residue is treated with boiling dilute acetic acid, which dissolves the alkaloids, together 
with a small quantity of resin ; and on adding basic acetate of lead to this solution, in 
sufficient quantity to render it distinctly alkaline, all the narcotine and resin are pre- 
cipitated, while the thebaine remains in solution. The liquid is filtered ; the excess 
of lead removed by sulphuric acid ; the thebaine contained in the filtered liquid is 
precipitated by ammonia ; this precipitate, after being washed, is dissolved in boiling 
alcohol, and the solution is treated with animal charcoal. It then, on cooling, deposits 
thebaine in shining scales, which may be purified by recrystalliBation. 

Thebaine crystallises from solution in alcohol or ether, in square scales having a 
silvery lustre. Its taste is acrid and styptic rather than bitter. It is extremely 
poisonous ; Magendie found that 5 centigrammes of it injected into the jugular vein of 
a dog produced tetanic convulsions, quickly followed by death. Thebaine is insoluble 
in water, very soluble in alcohol and ether, especially when warm, insoluble in aqueous 
potash and ammonia ; it dissolves rapidly in acids. It contains, according to the mean 
of closely-agreeing analyses by Kane and Anderson, 73*10 per cent, carbon, 6*96 
hydrogen, and, according to Anderson, 4 43 per cent, nitrogen. The formula 
C , *H , *NO\ requires 73*31 per cent carbon, 6*75 hydrogen, 4*60 nitrogen, and 16*44 
oxygen. 

Thebaine melts at 12* 5°, and decomposes at higher temperatures. It is coloured 
deep red by strong sulphuric acid. According to Dragon dorff (Jahrcsb. 1364, p. 
728), sulphuric acid, whether pure or containing nitric acid, colours it deep red to 
orange, gradually changing to olive-green at 160°. Sulphuric acid of specific gravity 
1*3 dissolves it m the cold ; but the solution, when gently heated, deposits a resinous 
substance, which dissolves slowly on boiling with water, and is deposited on cooling in 
microscopic, slightly soluble crystals, apparently a product of decomposition (Ander- 
son). — Concentrated nitric acid acts strongly on thebaine, oven in the cold, giving off 
rod vapours, and forming a solution, which, when mixed with potash, becomes dark- 
coloured and gives off a volatile alkali. — Thebaine also dissolves easily in hydrochloric 
acid; the solution becomes dark-coloured when evaporated, and leaves a resinous 
rcsiduo no longer quite soluble in water. — Chlorine and bromine act strongly on tho- 
baine, forming resinous products. 

Thebaine-salts do not crystallise from aqueous solution. 

The hydrochlorate , C‘*H 4, N0*.HCl.H*0, is obtained by mixing thebaine with a 
small quantity of strong alcohol, and adding alcoholic hydrochloric acid till comploto 
solution is effected, avoiding an excess of acid; it then separates on standing in 
rhombic crystals. It is very soluble in water, the solution resinising on evaporation; 
slightly soluble in alcohol, and insoluble in ether. — The chloroaurate is an orange-red 
precipitate, which melts to a resinous mass at 100°. — The chloromcrcurate is a white 
crystalline precipitate, obtained with hydrochlorate of thebaine and mercuric chloride; 
with free thebaine a bulky precipitate is obtained, which, as well as the crystalline 
precipitate, is of variable composition. — The chloroplatinate , 2(C , *H* , NO , .HCl).PtCl # . 

2 UK), is precipitated on adding platinic chloride to hydrochlorate of thebaine. It is 
slightly soluble in boiling water, the solution depositing a salt, which appears to be a 
product of decomposition. 

The sulphate is obtained by adding sulphuric acid to an ethereal solution of tlie- 
baiue, partly in the crystalline state, partly as a resin, which becomes crystalline on 
standing. 

TH1UO&ACTXC A.CED. This name is applied, by T. and IT. Smith, to an acid, 
isomeric or identical with lactic acid, discovered by them in the mother-liquors of 
morphine. To prepare it, the mother-liquor of morphia, after having been freed from 
all organic bases by precipitation with an alkali, is digested with oxide of load ; tho 
evaporated liquid is mixed with a large quantity of alcohol and sulphuric acid; and tho 
solution filtered from the precipitated sulphates, and saturated with milk of lime, is i 
evaporated to a syrup ; this, after some time, solidifies to a crystalline mass of calcic 
thebolactate. Turkey opiftm yields about 2 per cent, of this salt 

Thebolactic acid appears, from an analysis of the silver-salt by Dr. Stenhous e, to 
have exactly the same percentage composition as lactic acid ; but (according to T. and 
H. Smith) its copper- and morphine-salts differ in crystalline character from the 
corresponding lactates, and the behaviour of ferric thebolactate with ammonia is different 
from that of ferric lactate. (Pharm. J. Trans. [2], vii. 60; also private communication 
from Messrs. T. and H. Smith.) 

TlBSm Syn. with Caffkimb (i. 707).— According to Attfield (Pharm. J. 
Trans. [2] vi. 467), the nuts of the kola-tree (Cola acuminata), which in the fresh 
state are used in the western part of Central Africa as food and medicine, contain 
theine, the dried nuts yielding about 2 per cent. 

TltflOTiygllinr. Syn. with Babbqxx (1. 600). 
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TggWABPITl. Native anhydrous sulphate of sodium. (See Sulphates 

p. 010.) 

TBBVASD’S BXiUB. A blue colour prepared by igniting a mixture of cobalt 
phosphate or arsenate and alumina. (See Phosphates, iv. 500.) 

THE 08 S 0 MA. See Cacao (i. 700).— The ash of several parts of the cacao- 
tree, from the plantations of Manado, in Celebes, has been examined by Host van 
Ton n in gen (K6p. Chim. app. ii. 261), with the following results : 






Bark. 

Leave*. 

Fruit. 

Seed. 

Ash per cent, of the dried substance (? at 100°) 

12-86 

14-58 

13-34 

3-87 

Composition of the ash : 








Silica .... 




34-60 

4265 

trace 

0-99 

Sulphuric anhydride . 




4-85 

10-22 

3-50 

4-30 

Chlorine 




0-63 

0-25 

0-30 

6-45 

Phosphoric anhydride . 




23 01 

5-21 

7-14 

38-18 

Lime .... 




11-65 

14-38 

3-76 

‘ 1-94 

Magnesia 




4-56 

6-19 

3-21 

trace 

Carbonate of calcium . 




19-53 

2013 

69-70 

44-44 

Carbonate of sodium . 




trace 

trace 

8-66 

7*83 





98-83 

99-03 

96-27 

9813 


TBEJOBROlttnrs. C 7 H 8 N' 4 0 9 . (Woskresensky, Ann. Ch. Pharm. [1841], 
xii. 125. — Glass on, ibid, lxi, 335. — Keller, ibid.x cii. 71. — Rochloder, ibid. xxi. 
9 ; ixxxix. 124. — Strecker, ibid, cxviii. 151.) — An organic base existing in cacao- 
beans. To prepare it, the beans are treated with water for some time at the heat of the 
water-bath ; the solution is strained through linen, and carefully precipitated by neu- 
tral acetate of lead ; the precipitate, which is abundant, is separated by filtration ; 
and the filtered liquid is freed from excess of lead by sulphuretted hydrogen. The 
filtrate then yields by evaporation a brown residue, which is boiled with alcohol, and 
filtered at the boiling heat ; the liquid, on cooling, deposits a reddish-white crystalline 
powder, which is obtained colourless by repeated crystallisation (Woskrosen sky ; 
Glass on). Keller heats the theobromine, obtained as above, between two watch- 
glasses, whereby a small quantity of charcoal is separated, and a dazzling white sub- 
limate formed. 

Properties . — Theobromine is a colourless crystalline powder, composed of microsco- 
pic trimotric crystals, exhibiting the combination oop2 . P, and arranged in club- 
shaped groups (Keller). It tastes vory bitter, but the flavour is very slowly 
developed. Sublimes, without decomposition, between 290° and 295°. Its composition 
is shown by the following analyses : — • 



Calculation. 

Woskre&enskjr. 

Gla**on. 

Keller. 

C 7 . . 

. 84 

4667 

46-33 

4713 

46*28 

IP . 

. 8 

4-44 

4-55 

4-60 

4-80 

N 4 . 

. 66 

3111 

35-38 

31*27 

30-86 

O* . 

. 32 

1778 

13*74 

1700 

1806 

C 7 iPN 4 0* 

. 180 

100-00 

100-00 

100-00 

10000 


Theobromine is sparingly soluble in hot water , still less soluble in alcohol and in 
ether. The aqueous solution forms, with mercuric chloride , a white crystalline precipi- 
tate, slightly soluble in water and in alcohoL (Woskresensky.) 

Decompositions. — 1. Theobromine heated with peroxide of lead and dilute sulphuric 
acid, gives off carbonic anhydride, the decomposition, when once begun, going on with- 
out furthor application of heat - r and if the right quantity of peroxide of lead be added, 
and the heating not too long-continued, there is obtained, after separating the sulphate 
of lead by filtration, a transparent colourless liquid, which gives off ammonia when 
treated with potash, separates sulphur from sulphuretted hydrogen, colours the skin 
purple-red, and immediately turns blue when treated with magnesia. An excess of 
magnesia destroys this colour, which may, howevor, be restored by cautious addition of 
sulphuric acid. The liquid, mixed with excess of magnesia, becomes reddish, and gives 
off ammonia during evaporation to dryness ; boiling alcohol extracts from the residue 
« body which crystallises from the solution in rhombic prisms, is soluble in alcohol, 
has an acid reaction, and does not precipitate chloride of mercury, nitrate of silver, or 
tetrachloride of platinum. (Glass on.) 
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% Itdissolvw in toiling baryta-water without evolution of ammonia ; the solution, 
on cooling, solidifies to a white jelly. 

3. With cklermsy in presence of water, it forms amalic acid and hydrochlorate of 
methylainme (Rochleder and Hlasiwets, Wien. Akad. Ber. 1850, i« 260). — 
4. Heated with potash, it gives off methyl&mine. 

6. The silver-compound of theobromine, heated to 100° with iodid $ of methyl, yields 
silver-iodide and caffeine : 

C T H T AgN*0* + CH*I - Agl + C»H”N<0*. 

Hence caffeine may be regarded as methylated theobromine. (Strecker.) 

Argentic Theobromine, C’H^AgH^O*. — When theobromine is dissolved in 
ammonia (in which it dissolves much more easily than in water), and nitrate of silver is 
added, a gelatinous precipitate is obtained, which dissolves easily in warm ammonia. 
On boiling the solution for some time, ammonia escapes, and a colourless granular pre- 
cipitate of argentic theobromine is formed, which is nearly insoluble in water. The 
precipitate contains water, which is given off slowly over oil of vitriol, or at 100°, more 
quickly at 120° — 130°. The residue may bo heated to 160° without alteration; at a 
higher temperature it does not melt, but decomposes, and givos off vapours, which con* 
dense\o unaltered theobromine. (Strecker,) 

Theobromine Salts. — Theobromine is a weak base, but nevertheless forms 
salts which crystalliso well, though they are somewhat unstable, the neutral salt® being 
decomposed by water, and converted into basic salts. 

Hydrochlorate, CT^NWHCl. — Theobromine dissolves readily in concentrated 
hydrochloric acid; and as the warm solution cools, the salt separates in crystals, 
which may be dried over oil of vitriol and caustic potash. It gives off all its hydro- 
chloric acid at 100°, and decomposes with water, forming a basic salt (Glasson). 
— The chhroplatinate, 2(€r T H ft N 4 0*.HCl).FtCl 4 .4H i 0, separates from a mixture of the 
hydrochlorate and platinic chloride, in monoclinic prisms, exhibiting the faces 
and oP. It is efflorescent, gives off its water of crystallisation at 100°, decomposes at 
t a stronger heat, and, when ignited in the air, leaves pure platinum. 

The nitrate , C 7 H a N 4 0-.HN0*, separates from a solution of theobromine in warm 
nitric acid, on cooling, in monoclinic prisms, which give off their acid at 100°, and are 
easily decomposed by water. 

The argentic nitrate, C^PNKP.AgNO*, separates from a very dilute solution of 
nitrate of theobromine mixed with nitrate of silver, in shining silver-white needles, 
very sparingly soluble in water. It docs not undergo any perceptible loss at 100°, 
but at a higher temperature, it melts and givos off nitrous acid, and on ignition leaves 
metallic silver. 

TBBSMOBABOMBTIE. This name was applied by Bell an i to a syphon-baro- 
meter having its two wide legs united by a narrow tube, so that it could be used either 
in its ordinary position as a barometer, or in tho reversed position as a thermometer, 
the wide sealed leg of the barometer then serving as the bulb of the thormometer. 

The same name is sometimes applied to a thermometer which indicates the atmo- 
spheric pressure by the boiling-point of water. 

THSSMO-ILBCTBXCITT. See Elbctbicity (ii. 412). 

TBSSMOMSTBI (fif pu6s t hot ; pirpov, measure). — The thermometer measures 
the temperature , or degree of hotness, of a body ; it thus determines one dimension, so to 
speak, of the quantity of heat within the body — the specific heat and the weight of the 
l»ody being the other dimensions. The measurement is founded on tho law, that per- 
fect gases tend to expand with e^ual increments of volume for equal increments of 
heat Mercury, being compared with gases, is found to follow nearly the samo law at 
ordinary temperatures. It is likewise almost perfectly adapted for thermometric pur- 
poses, from its wide range of liquidity (390° G>\ its low specific heat, its high conducting » 
power, and its uniform purity. , . » 

As the thermometer is the most important and indispensable of all instruments in 
most physical researches, too much attention cannot be paid to attaining perfection in 
its manufacture and use. 

Thermometer Tube . — In making a mercurial thermometer, a capillaiy glass- 
tube, usually of fiat or elliptical bore, is first to be selected, as free as possible from all 
visible defects. It must be of almost perfectly uniform bore throughout. That it is 
so is to be ascertained by introducing enough mercury to fill about one inch of the tube, 
and observing if the length of this mercurial column remains almost unchanged as the 
mercury is forced through the tube. If tho tube be not perfectly clean internally, nitric « 
acid or other solvents may be introduced, the interior of the tube being afterwards 
thoroughly washed with distilled water, and dried by drawing air through it when 
hot. 



A bulb is now to be formed by sealing and softening the tube at one end, in the 
blowpipe-flame, and then forcing dry air in by means of a small elastic bottle fixed to 
the open end, and compressed by the fingers. ^ Much skill, of coarse, is required in this 
operation, and the ultimate character of the instrument will vary with every particular 
manner of heating the glass. 

The form of the bulb, too, is a matter for much consideration. Its capacity must 
have such a ratio to the capacity of the tube, that the degrees may be long enough to 
read with the required precision, and not much longer. Thus, thermometers intended 
to show the ^ of a degree (Fahr.), should have degrees not less than ^ inch in length. 

The required capacity of the bulb 
Fig. 799. Fig. 800. Fig. 801. Fig. 802. Fig. 803. ma y be calculated as afterwards 

shown. The ordinary shape of the 
bulb is spherical {Jig. 799), and this is 
the best suited to bear the pressure 
of the atmosphere without shrinking. 
/\l But an elongated bulb, either pear- 
shaped {figs. 800 and 801), or tubu- 
lar (figs. 802 and 803), exposes a 
much larger surface for the conduc- 
tion of heat, in proportion to its 
capacity, and is therefore favourable 
to sensitiveness. A bulb, too, of no 
greater diameter than the tube, is 
less liable to bo broken, and, for 
chemical purposes especially, is convenient and neat. The thickness of the glass is an 
important point; if too thin, it may yield to the atmospheric pressure, so as to raiso 
the zero of the instrument; if too thick, the instrument will be insensitive. In all 
these points a thermometer should be specially adapted to its intended employment. 

Extremely sensitive and yet exact ther- 
l ig. 804. Fig. 805. Fig. 800. mometers have lately been prepared by 

the best London makers. In these, either 
the boro of tho tube is very minute, and 
the bulb consequently small (as in fig. 804), 
or the bulb is made to contain much mer- 



cury, and shaped into a long cylindrical 
tube, bent into some convenient form, as in 
tho Gridiron thermometer of Negretti and 
Zambra (fig. 805). In fig. 806 is shown 
a suggestion of Mr. Bockiey, of tho Kew 
Observatory, for increasing the surface of 
thermometer-bulbs without impairing their 
inflexibility. The mercury is contained 
between two eoncentric glass-cylinders, of 
which the inner one is open at the bottom. 

Filling the Tube . — Tho following is the most perfect mode of filling the ther- 
mometer with morcury: — A sufficient length of the tube, a b , is marked off to form 
the stem of tho thermometer, and a second bulb, rather larger than the first, is 
OA _ roughly blown at b. When the 

rig. 807. bulb is half-cooled, the open end 

of the tube is held in pure and 
well-boiled mercury, which gradu- 
ally rises into the first bulb. By 
inverting the position of the tube, 
and alternately heating and cool- 
ing the lower bulb (<z), sufficient 
mercury may be made to pass from 
b into fl, almost to fill <7, a little remaining over in b. The whole tube is now held by 
the wire-handle shown in fig. 807, over a charcoal-fire or a series of powerful gas- 
burnexs, so as to be strongly and uniformly heated throughout its whole length. The 
mercury boils easily, and its vapour drives out every trace of air or moisture. When 
this is thoroughly accomplished, and the mercury yet boiling, the open end of the tube, 
which must not be very hot, is thrust against a piece of sealing-wax, and then at once 
withdrawn from the heat. As the tube cools, a little wax is drawn in, mid, in time 
becoming solid, prevents the entrance of any air. When quite cool, the mercury per- 
fectly fills the whole of the lower bulb and tube. Let the tube be now inclined, and 
the lower bulb raised to a temperature rather higher than the thermometer ia 
Intended ever to indicate. A part of the mercury is thus expelled, and as the column 
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begins to retreat again on cooling, the tube is to be melted end hermetically sealed, 
hint bdow tile bulb o, which is drawn off. The perfection of the vacuumthus pro* 
dueed within part of the tube, may be known by the mercury running finely up and 
down, especially if the tube be not very fine* This process is more simply but l*wf 
perfectly performed by some makers, who omit the second bulb, and place the 
mercury in a little funnel of glass or paper affixed to the open end of the tube* 

Graduation. — A common thermometer is usually graduated by determining two 
points of the scale, by comparison with a standaid thermometer, and dividing the in* 
terval into the proper number of equal parts. The therm ome. trie scales usually em- 
ployed are well known to be three in number, and are thus defined : — 

Temperature of Temperature of 

melting Ice, In terra], boiling water. 

Centigrade scale (C.) . . . 0*0° 100*0° 100*0° 

Fahrenheit's scale (F.) . * . 32*0° 180*0° 212*0° 

Reaumur's scale (R.) . , . 0*0° 80*0° 80*0° 

Of these, the Centigrade is in general uso on the Continent, and is so far suporior to 
our own Fahrenheit's scale, that all scientific chemists should at once adopt it. It is 
already adopted in many English scientific treatises. Reductions from one ecalo to 
the other are easily made by the following formulae : — 

Fahrenheit to Centigrade . * , |(F.° — 32) m C.° 

Centigrado to Fahrenheit . . . SC. Q + 32° ■» F.° 

Reaumur to Fahrenheit . * . JR.° + 32° — F.° 

The Reaumur scale being seldom met with, the numbers 3, 9, and 32, which are suffi- 
cient for the reduction of Fahrenheit and Centigrade, may bo oasily remembered and 
applied. 

Mounting of the Thermometer. — For chemical purposes, the simple tube- 
thermometer, with the divisions etched upon it, is by far tho best. For accurate pur- 
poses, indeed, divisions upon tho glass are alone to bo trusted ; and if an ivory scale 
is attached at all, it must only boused to show the wholo degrees with quickness and 
security from mistake. 

For meteorological use, the degrees should still bo otchod on tho glass, but may bo 
repeated on the metal scale. In this respect the Kow Observatory common ther- 
mometer leaves nothing to bo desired. It may be had from tho host opticians, with a 
certificate oHls comparison at Kow, at the price of about half-a-guinoa. More sensi- 
tive instruments are mentioned in describing the Dry and Wet Bulb Hygrometer. (See 
Hyghombtkr, iii. 228.) 

Standard Thermometer. — We Bhatl describe the graduation of a standard 
thermometer as it was practised by Mr. Welsh at the Kew Observatory of the British 
Association, on the principles proposed by Regnault, and described at considerable 
length by Pierre (Ann* Ch. Pnye. [3], v. 428). — Welsh. ( Report to Royal Society 
Phil. Mag. [4], iv* 30A) * 

Calibration qf the Tube. — A tube, having been selected as tolerably free from all 
visible defects, a short column of mercury, generally less than one inch long, is intro- 
duced. The tube is then attached to a dividing-engine, and either end put in commu- 
nication with an elastic bag compressed by a screw, by which means tho mercury can 
be moved at will. Commencing at one end of tho desired scale, the mercury is made 
to coincide with cross-wires in the focus of a microscope carried by the cutting slide 
of the engine. By turning the screw until the wires correspond with the other end of 
the column, we learn the length of the column in revolutions of the screw. The 
mercury is now moved until its other end exactly coincides with the cross-wires 
which have remained stationary. The length of the column is again measured, the , 
difference, if any, indicating inequality of the tube. The same process is repeated, 
until the column has been measured for each length of itself through the whole extent 
of the proposed scale. Permanent marks are made on the glass, at the points of 
commencement and ending of the calibration. 

Graduation. — The measured lengths of the column of mercury, in its successive 
steps along the tube, corresponding to eqnal volumes, we may assume, unless the tube 
is a very faulty one, that the calibre of the tube is uniform throughout each length. 
Hence we may divide the length of each, as expressed in revolutions of the screw, into 
any convenient number of parts, and proceed to the graduation, starting from one end, 
and successively adding on the requisite number of revolutions. The divisions arc 
cut with a fine needle-point upon a coating of engravers' wax, and afterwards etched 
with hydrofluoric acid. By weighing a measured column of mercury, we have data to 
ealenlftto the capacity of the bulb most suitable for our intended thermometer. 



Determination of the 8cate~coefficien t. —The thermometer haring been tilled with; 
mercury, the divisions of the scale will represent equal increments of temperature, 
but are entirely arbitrary in value. As described below, we now determine the 
freezing-point to be, say a , of the arbitrary scale-reading, and the boiling-point to be, 
Say b. Then the true temperature in deg. Fahr. corresponding to any arbitrary scale- 
reading «, is obviously x 180° + 32°. The values of this formula should be 

tabulated for every degree of the arbitrary scale which is likely to be used : in refer- 
ence to the table, of course, proportional parts of the differences of these values are 
to be taken for the fractional parts of the arbitrary scale-readings. 

A calibrated standard thermometer may be graduated with a correct Fahrenheit’s 
scale, as described by Welsh (Op.cit. p. 312), but the necessary calculations are rather 
intricate. It is needless, too : for he who requires great accuracy can always use an 
arbitrary scale with its formula, or table, and ho who does not had better employ an 
ordinary compared thermometer. It should be remembered, that the highest degree of 
accuracy is always attained by pure or passive observation, the error of which can 
be calculated and applied, while instrumental adjustment is always a clumsy and 
uncertain operation. 

Freezing-point . — To determine the melting-point of ice, which is 32° Fahr., and 
the zero of the Centigrade scale, the thermometer is placed upright, in finely-pounded 
melting ice, contained in any vessel which will allow the water to drain away from the 
ice as it melts. Snow is still better than ice for this purpose. The whole of the 
mercury, both in the bulb and tube, must be covered, and had better bo so left for at least 
half an hour. The ice may then bo removed just sufficiently to allow a mark to be 
made at the top of the mercurial column, or (which is far better) its position noted 
with reference to graduation -marks already there, all proper precautions being taken 
as elsewhere stated. 
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Boiling-point . — The boiling-point is ascertained by placing the thermometer 
vertically in a cylindrical metal vessel, so that the bulb shall be close above the surface 
of distilled water in rapid ebullition, the whole of the mercurial column being like- 
wise raised to the same temperature as the bulb by the rising vapour. The best 
form of boiler is that of Regnault’s {Jig. 808), with double sides, between which the 
Fig. 808. vapour circulates before issuing into tho open air. In this boiler 
the cold of the exterior air cannot possibly reach the thermome- 
ter. Care must, howover, be taken that the steam may issue 
with perfect froedom, else the pressure and temperature within 
tho boiler will rise irregularly. Thus the aperture a should 
have a diameter of an inch or more, and a small manometer or 
syphon-guage, b, containing water, and communicating with tho 
interior of the boiler, may be used to indicate the least excess of 
pressure within. The water having been thoroughly boiled for 
a length of time, and the mercury standing quite stationary, the 
reading of the upper end of the mercurial column, which may 
extend just above the cork, is to be noted as before, while the 
boiling continues uninterruptedly. 

A common flask, with a glass tube fitted to its mouth, to con- 
tain the stem of the thermometer, may serve for the rough deter- 
mination of the boiling-point. It is well known, however, that 
water does not readily boil from a vitreous surface, -so that 
mercury, scraps of platinum, or bits of charcoal, must be placed in 
the flask to prevent any irregular rise of the temperature. 

J Owing to the displacement of the zero (see p. 766), Pierre 
9- directs that the boiling-point should be taken before the freezing- 
point, but we think that, for most purposes, the order should be 
reversed. It is best, however, to take the freezing- and boiling- 
points with as long an interval between as possible, the ther- 
mometerbeing left-undisturbed at the ordinary temperature of the 
air before each determination. 

< As the boiling-point of water dopends entirely on the pressure of the air at the 
time, tlm barometer must be properly read. If it stand at 0760 millimetre (or 30 
English inches) when properly corrected (see Barometer, i. 612), the temperature of 
boiling water is exactly 100° C. (212° Fahr.). If not, the temperature must be calculated, 
allowing a change of ± 1° C. for every divergence of pressure equal to ± 267 millime- 
tres (or 171° Fahr. for every inch of pressure). It is better, however, to use the 
following table, which gives the barometer reading (corrected) corresponding to 
every tenth of a degree near 100° Centigrade : — 








To obtain a still nearer approximation, proportional parts of the differences 
may be taken. Thus, suppose a thermometer with an arbitrary scale to read 187*5 
in the boiler with the barometer at 765*08 ; the corresponding temperature is 

99*8 + fsy.fjg * 1 00*82. Suppose the freezing-point on the arbitrary 


scale to be 25*4: then 187*5 — 26*4, or 162*1 arbitrary divisions, are equal to 90*82° 
Cent., or 162*4 divisions to 100°. Thus, 25*4 + 162*4, or 187*8, is the true degree 100, or 
the boiling-point for the pressure 760 miilira. ; and the value of any arbitrary degree n is 
100 

(n — 25*4) 


Examinationof a Thermometer . — Any good thermometer, of which the scale ex- 
tends from 32° to 212°, may be mado to serve ns a correct standard thermometer, by direct 
experiment, if it be worth while to take the necessary trouble. We will suppose the 
thermometer to be already graduated. By placing it in melting rice and above boiling 
water, with the precautions already described, wo first ascertain the errors of the degree 
32°, and of some point near 212°. At the intermediate points, the error is then found 
by the following process of Professor Forbes (Phil. Trans, exxvi. [1830], p. 678), 
which is that of Bessel (Tilloch’a Phil. Mag. [1824], lxiii. 307) simplified and 
improved : — 

Detach a column of mercury from the rest, of such a length as to bo nearly an 
aliquot part of 180°. In a tube of moderately wide boro, the length of the column 
may be adjusted, with great accuracy, by bringing it just into contact with the re- 
mainder of the mercury, and at the same time heating or cooling the bulb. A part of 
the mercury will then slowly pass over, orte way or the other. This column is then 
caused to step along the tube, beginning at 32°, the one end being brought to the exact 
point which the other had previously occupied, this point being carefully noted in 
respect to the nearest graduation -mark. The capacity of the tube is thus measured 
out into exactly equal portions, just as a length is measured by a carpenter's rule. 
The column may be moved and adjusted to its position, with any degree of accuracy, 
by tapping one end or other of the tube or scalo. 

The end of the measuring column will finally fall near to 212°. Let it fall at 
212 + c, in which c is either + or — . Also let the number of intervals measured be 
n, and Die corrections for 32° and 212°, already determined, be a and b ( +■ or — ) 
Then, neglecting the very slight error which may exist in the portion of the tube 
by which the small quantity c was measured, the true interval corresponding to 

the length of the column will be -122 — ~ «■ I, and the true tempera- 

tures corresponding to the divisions noted in the scale at the successive steps will be 
32° + a + I, 32° + a 4- 21, and so on up to 82° + a + nL , 

Several determination^ may be made in this way with columns of different lengths. 
The results may then be projected into a curve. 

This process of Professor Forbes may be performed in two or three hours, the 
freezing- boiling-points having previously been determined, and the Professor 
considers it easier than comparison with a standard. It is scarcely applicable, how- 
ever, to thermometers of very fine bore. 

Comparison of Thermometers . — The mode in which thermometric accuracy 
will doubtless be most generally attained, is by comparing each thermometer used 
against a standard one, or even against a good thermometer, previously carefully com- 
pared with a standard. This comparison is very easily performed at all ordinary 
temperatures, as follows ; — The standard thermometer and that^ which is to be com- 
pared. are firmly tied to a cross-piece of wood or other support, in such a manner that 
t he bulbs dial! han g in exactly the same level plane, mid as near each other as is 





7 66 thermometer: 

8a fe. They are then placed in the axis of a cylindrical glass vessel 12 or 15 inches 
deep, and 0 or 8 in diameter. Sufficient water is poured in to cover the whole of the 
p- cqq mercurial columns, and it must be of the highest tempe- 

rature at which it is desired to make the comparison. As 
water tends to arrange itself in layers of different tem- 
perature, agitation must be actively maintained,* by mov- 
ing up and down within the vessel, the ring-shaped agi- 
tator shown in fig. 809. This may be formed of stout 
wire, with a strip of calico roughly twisted round the 
ring part, which, being made nearly of the same diamo- 
ter as the glass vessel, cannot touch the thermometer. 

After brisk agitation, the readings of the thermometers 
are rapidly taken through the water, almost in the same 
moment, and at once recorded. In doing this, the observer 
should give his chief attention to the decimal parts of 
degrees, for the number of whole degrees can be taken 
afterwards at loisure, and any mistake in these will easily 
be apparent on taking the differences. The purposo of 
this haste is, of course, to avoid any error from tho cool- 
ing of tho water bctw’een the two readings. This error 
may be further eliminated by inverting the order of tho 
readings each time. Tho water having been allowed to 
cool a few degrees, it must again be briskly agitated 
before tho noxt pair of readings are taken, and so on with 
each successive step. Error might be still further elimi- 
nated, if necessary, by repeating tho whole operation with 
a rising instead of a falling temperature, produced either by successive additions of hot 
water, or by a source of heat placed under the glass vessel. 

It is, of course, possible to compare two or more thermometers with the standard at 
the same operation; but tho chances of mistake and error from cooling increase in such 
a high dogree with the number compared, that wo Btrongly recommend tho reader 
never to read more than two thermometers and tho standard at tho same timo. In tho 
Kew Observatory, indeed, whore large numbers of thermometers are constantly com- 
pared for meteorological purposes, Mr. Welsh has devised a revolving vessel and stand, 
by which, with the aid of an assistant, he was able to read six thermometers at onco. 

(Phil. Mag. [4], iv. 309.) „ J , .. , 

We think that tho results of this process, performed rigorously as we havo described 
it, are capable of almost any degree of accuracy, from tho boiling point of water down 
to low temperatures, at which solutions or other liquids cooled by freezing mixtures 
may be used. Professor Forbes, however, objects to it (Brit. Assoc. Koport, 1840, 
p. 49), and remarks that where the investigation is an important one, constant sourcos 
of heat, natural or artificial, cannot be toO carefully sought. Bark-pits, natural hot 
springs, waste hot water of steam-engines, and the boiling-points of some liquids, such 
as alcohol, may bo usefully employed. 

When some determinations of especial importance and exactness, as of a melting- 
or boiling-point, have to be made at or about a particular temperaturo, the best 
modo is to compare the thermometers used with one or more standards, in media of the 
constant but required temperature, such as boiling alcohol diluted up to a certain 
point. Horschel (Admiralty Manual of Scientific Enquiry, p. 293) states that the 
best mode of ensuring perfect identity of temperature in comparisons is long rest of 
the thermometers in contact, in a box stuffed with cotton, tho parts of the scales to be 
read off being occasionally uncovered for that purpose. This process would be a very 
slow ono, but otherwise unexceptionable. It is almost needless to mention that com- 
parisons of thermomoters in the open air are useless for exact purposes. . 

Mr. Welsh gives a modo of examining tho lower part of a thermometer scale without 
tho use of freezing mixtures, but it is open to exception. 

Chang* of the Zero-point.— k serious difficulty is thrown in the way of ther- 
mometric accuracy by the fact, that the zero of the instrument, by which mav be 
meant any determinate point solected for verification, but generally the position of the 
mercury in melting ice(32 ° Fahr.), can seldom be considered invariable in the best instru- 
ments, and is more properly described by Despretz as in continual oscillation . These 
movements are of two kinds:— l. A gradual, continued, and permanent rise of the 
zero-point This phenomenon has been studied by Despretz (Ann. Ch. Phys. [2], 
lxiv. 312), who, among other experiments, frequently determined the freezing-point of 
a thermometer during five years* We have shown the results graphically m fig. 810, 
and in spite of irregularities, duo to the fact that the thermometer was in constant and 
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panoiu use during the period, the curve produced is sensibly ft parabola. Professor 
N. H. Hiller, in correcting the readings of a standard thermometer, found that 
he rise of the zero-point was represented with suflLdent accuracy by a formula 

Fig. 810. 



(0*0044 x m*), which would give a hyperbolic curve. It is generally supposed that, the 
rise of the zero-point is due to the atmospheric pressure, although Legrand (Ann. 
Ch. Phys., &c., [2], lxiii. 372) disputes this, and attributes it to molecular changes. 

In consequence of this rise of the zero, it is usual for thermometer-makers to keep 
the tubes of standard thermometers for a year or more before graduating them. It is 
obviously necessary that all thermometers used in accurate researches should be veri- 
fled and recompared at their zero-points, or at parts of their scales, from time to time, 

2. The second kind of movement of the zero is a temporary fall whon tho thermo- 
meter has been much heated, and a temporary rise when much cooled. Legrand 
considers that at the temperature of boiling mercury, tho zero-point remounts tem- 
porarily to its position just after the thermometer was completed, but the details of his 
observations are not given. Dospretz makes tho curious remark, that every thermo- 
meter must read rather too low in summer, and too high in winter. Different ther- 
mometers are affected in vary different degrees, as shown in the following observations, 
tho thermometer-makers’ names being enclosed in brackets. The degrees are Centigrade. 
Legrand [ Bunt en], 0*3° to 0*5°; Dospretz, 0*'23° to 0*6°; Lam out, 9 thermometers, 
0*25° to 0*45°, and one, 0*62° ; Forbes [Troughton], 0*3° and 0*2°, [Adie] 0*23°, 
[Crichton] 0*3° [Collardeau] 0*2°; Shoopshanks, average, 0*17° ; Welsh, average, 
0*09° to 0*11°. In making tho above observations, the thermometers were boiled, aud 
soon afterwards placed in melting ice. 

Tho position of a thermometer, especially a veiy long one, whon a rending is taken, 
is not always a matter of indifference, for at a high temperature the column of mer- 
cury may exert such a pressure as to expand tho bulb slightly, and lower tho reading. 
As thermometers are generally compared and graduated when vertical, it is obvious 
that the vertical reading will gen or ally bo the correct one. Professor Forbes 
(Phil. Trans. [1836], p. 677) detected a difference from this causo by placing tho 
thermometer in a cylindrical vessel filled with sand, the bulb being protected from 
external pressure by a small stiff paper tube, and the upper part of the scale pro- 
jecting out of the vessel. The whole having been very gradually raised to as high a 
temperature as is thought desirable, readings may be taken many times in succession, 
horizontally and vertically. A standard thermometer of Troughton, thus tested, gavo 
a difference of 0*16° Fahr. If in making a standard thermometer it be known that it 
will have to be used both in the vertical and horizontal positions, it will bo best to take 
the determinations of the freezing- and boiling-points in both positions. 

As the mercury in a thermometer-tube is always removed some littlo distance from 
the scale to which we refer it, an obvious error, called parallax, will Arise, unless the 
line of sight be perpendicular to the scalo. With a littlo care, parallax may 
be avoided by moving tho head backwards and forwards till the oye is opposite the 
right point. But, in making frequent or important readings, especially comparisons, 
it is best to use a telescope, fixed or moving at right-angles to the plane of the scale. 
M. Valz, of Marseilles, ingeniously proposed to plunge two-thirds of the thickness of , 
the tube into the substance of the scale, so that the plane on which graduation is made 
is advanced in front of the mercurial column to the amount of one-third of the radius of 
the tube, in which case the error of refraction will exactly correct the error of parallax. 

A light frame may easily be contrived to slide upon the scale or tube, end 

S revent parallax. Thus Professor Miller (Phil. Trans. [1856], cxlvi 779), 
escribes thermometers with arbitrary scales divided to A inch, subdivided by a sliding 
glass scale to inch, the division of the sliding scale which is brought into apparent 
coincidence with the extremity of the thread of mercury being viewed through a hole in 
ft plate of brass attached to the very light brass frame which carries tho scale, so .that 
the line of sight may be at right-angles to the axis of the tube. 

Capacity and Dilatation of the Bulb .— It is necessary in certain researches to 
determine the coefficient of dilatation of the glass employed. This may be found, ■ 
after the method of Pierre (Ann. Ch, Phys. [3], xy. 332), by constructing ft 
thermometer of the sa p 1 ** kind of glass, the tube being calibrated and graduated before 
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it is filled, and the capacity of every part being ascertained by introducing mercury 
several times into the tube, and comparing the weight of this mercury with the number 
of degrees occupied. The thermometer having been completed, we easily determine, 
from the known capacity of its degrees, and the coefficient of dilatation of mercury, the 

capacity of the bulb. Taking the expansion of mercury from 32° to 212° as after 

Dulong and Petit, we shall find k, the coefficient of dilatation of the glass from the 
equation : — 

v M (i + -~) = r aia (i + 180 x *) 

in which V 32 is the actual space occupied by mercury at the temperature of 32° Fahr., 
and F al2 the apparent volume at the temperature of boiling water. 

The coefficient, A , of the apparent dilatation of mercury in the glass is, then, ap- 
proximately for each degree Fahr. 

A = 65-5 x 180 “ k ' 

The values which will thus be generally found are, for k about *000012 for each 
degree Fahr ; and for A about *000088. 

Spirit Thermometers are requi red for measuri ng temperatures which approach 
or sink below the freezing-point of mercury ( — 39° Fahr.). In their graduation wron- 
counter the difficulty that the increments of volume of alcohol for equal increments of 
temperature, cannot be assumed equal, as in the case of mercury. Welsh, however 
(Op. cit. p. 315), shows how to deduce a law of expansion, by which an approximately 
correct scale may be graduated. 

Alcohol is also used in many register thermometers ; but it is an objection to such 
that the spirit often distils over from the end of the column, collecting in the other 
parts of the tube, leading an observer who is not very vigilant into error. 

Register Thermometers are mercurial or spirit instruments furnished with 
a small index sliding in the tube, which for this purpose must have a large bore, and 
therefore also a large bulb. The figures (811 to 816) will sufficiently exhibit the 
various registering contrivances. In Jig. 811, a is a small 
Fig. 811. piece of steel wire, and h the end of the mercurial column, 

which forces it forward, and then leaves it at the maximum 
point. The tube must remain nearly horizontal, and the steel 
index is moved back by means of a small magnet. The chifflF 
defect of this maximum thermometer is, that a quantity of air 
must be left in the tube, to prevent the mercury flowing about ; 
and the mercury in time becoming foul, the whole is thrown out of order. In Jig. 812 
the index is of wire, covered with enamel, and is within the column of a spirit ther- 
* mometer, the end of which column carries it back by force 
Fig. 812. 0 f adhesion, but does not carry it forward. It thus gives a 

minimum temperature. This thermometer works very well, 
but is open to all the objections against a spirit thermo- 
meter. The above two -instruments are known as Ruther- 
ford’s, and have till lately been generally used. 

Six’s Maximum and Minimum Thermometer consists of a large bulb full 
of alcohol joined to a tube in the form of an inverted syphon, in the lower part of 
which lies a short column of mercury. The extreme point reached either 
Fig. 813. wa y by the mercury, as it is moved by the expansions and contractions of 
the alcohol, is marked by a small enamelled wire index sliding in the leg of 
the bent tube (Jig. 813), but secured against falling from its own weight by 
a small spring. This instilment is very convenient for many purposes, 
but cannot be rendered very accurate or sure. 

The Mercurial Maximurn Thermometer 
of Negretti and Zambra seems to be the best yet 
invented. In this the tube is horizontal, and but 
little wide in bore than that of an ordinary thermo- 
meter. The bulb is bent downwards, and at the 
bend, the bore of the tybe is nearly stopped up 
with an enamelled plug (Jig. 814), which prevents 
the mercury from running back, as the temperature 
falls, provided the tune remains nearly level. The maximum reading is thus given by 
the end of the mercurial column remaining in the tube, and the instrument is reset, 
simply by inclining it until the mercury runs back and fills the bulb. 


Fig. 814. 
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, J%e MereurM Minimum Thermometer, invented by Casella, is a highly 
ingenious instrument. The bulb ib provided with a small overflow-chamber, into 
which the mercury freely expands during a rise of temperature. When the tem- 
perature falls again, the mercury is still retained in the chamber by adhesion to a 
flat surface of glass provided for the purpose. The minimum reading at the end of 
any period is given by the extremity of the mercurial column in the stem of the 
instrument To reset the thermometer, it is inclined until all the mercury runs out 
of the overflow-chamber. 

A very similar instrument has been devised by Negretti and Z&mbra. The bulb is 
shown in Jig . 815, in which a is the overflow -chamber, and the mercury is retained 
in it, after once entering, by adhesion to a 
platinum-plug, which nearly stops up the 
narrow communication at 5. These instru- a 
ments are so recently invented that their 
relative excellence is yet unknown, but they 
are far superior to any of the old spirit 
thermometers. It is not necessary here to 

describe a form of mercurial minimum thermometer patented by Negretti and Zambra 
several years since. Although ingenious, it is a large costly instrument, open to 
several important objections. 

The indications of a registering thermometer can never be quite so accurate as those 
of an ordinary instrument. The usual process of comparison is scarcely applicable to 
many such thermometers, and Sir J. Herschel directs us to record the errors thus 
determined, but not to apply them. 

The maximum thermometer of Walferdin is well adapted for taking the py gjg 
temperature of the sea, or of hot springs. It consists or an ordinary tube- 
thermometer, the upper end of which is furnished with an overflow-bulb 
(Jig. 816). A corresponding but less satisfactory minimum thormoraeter, 
containing alcohol instead of mercury, is also described. (Pouillet, • 

EUmente de Physique, 7me ed. tome ii. p. 689 ; Compt. rend, xxxviii. 770,) 

A number of maximum and minimum thermometers, Buitod for taking 
the temperature of the sea, Are described by Aim A (Ann. Ch. Phys. [3J, 
xv. 1.) 

Temperature of the Air. — To place a thermometer, so that it shall accu- 
rately. show the temperature of the atmosphere, is an exceedingly difficult 
pr£**«lni. It must be shielded from radiant heat of the sun, sky, and 
earth's surface ; also from nocturnal radiation, from rain, and the influence of any large 
neighbouring masses of matter, and yet must be freely exposed to the air. Meteoro- 
logists have devised various kinds of screens (Drew, Practical Meteorology , pp. 79 — 

81). The difficulty might always be quite overcome, however, by placing tne ther- 
mometers (Pry and Wet Bull f see Htqbometeb, iii. 227), in a bright metal tube or 
case, and drawing a constant stream of air through it mechanically, a method tried by 
Welsh. (Phil. Trans. [1853], cxliii. 313.) W.8. J. 

TBanOMlTBXG AVAlTsb. This term is applied to certain approxi- 
mative methods of quantitative analysis, depending on the observation of the temperature 
at which a phenomenon takes place, or of the changes of temperature accompanying 
chemical reactions. The following examples will be sufficient to illustrate the nature 
of these methods: — 

1. The temperature at which a salt begins to crystallise from solution varies with 
the quantity of salt dissolved : hence, by observing the temperature at which crystalli- 
sation begins, the quantity of salt present in a given quantity of the solution may be 
inferred. This method is applied in Austria for the purpose of testing the purity of , 
aaltpe re. A known weight of the ammoniacal salt is dissolved in a certain quantity 

of water, and the temperature at which it begins to crystallise from the solution is 
comparedtfyith a table containing the crystallising temperatures of solutions of pure 
nitrate of potassium of various strengths. (Bee Nitbxtxs, iv. 102.) 

2. Many salts, in dissolving fn water, produce a depression of temperature, the 
amount of refrigeration being different for each salt. Hence, when this amount is 
known for two pure salts, the proportions of them present in a mixture may be found 
from the fall of temperature which takes place in the solution of that mixture. This 
tyethod has been applied by Gay-Lussac (Ann. Ch. Phys. [2], xii. 14 ; xxxix* 356) 
to mixtures of the chlorides of potassium and sodium. 

This particular application is based upon the observation that 50 gnus, of chlorideof 
potassium, on being dissolved in 200 gras. of water, contained in a glass vessel whose p 
weight is 186 gnus, and capacity 300 conic centimetres, produce a fall of temperature 
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mioimtiDg to ll'4»C„ while the same quantity of chloride of MtUum, di»oived wadtf 
exactly similar circumetancee, lowers the temperature only l - 9 0. _ . 

Now let a mixture of the two salts, weighing 50 grins., be dissolved m water under 
exactly the same conditions ; and let « be the quantity of chloride of potassium ttiewm 
contained, and consequently 50 -* the quantity of chlonde of aodiwn. ^Then the fell 

of temperature produced by the x parts of chloride of potassium is -gg* *» an< * 

produced by the 50 - x grms. of chloride of sodium is ~ (50 - x). The observed de- 
pression of temperature (t) is the sum of these quantities ; hence the equation : 


11*4 

'50 


x + - 


1*9 


50 


(50— x) =■ t, 


which gives, for the amount of chloride of potassium in the mixture : 

t - l-ft 60 i - 95° . 

* “ 60 * 11*4-1-9 ” 9*5 

To obtain good results, it is necessary to use a delicate thermometer, capable of 
indicating tenths of a degree ; to pulverise the mixture very Auoiy. and a^elemte the 
solution By shaking the flask, holding it only by the neck m so doi^, in orfer that 
as little extraaeous heat as possible may be communicated by the hand . and, lastly, 
to observe exactly the preceding stipulations as to the weights of the salt . and the 
water, and the weight and size of the vessel. The ong.nal temperature of the water 
has likewise some influence on the result. Gay-Lussac, used water of 20 4 C. With 
these precautions, the method may bo depended upon for giving results of 
accuracy for manufacturing purposes— as, for example in testing samples of commmij 
chloride of potassium used for the preparation of alum or of saltpetre. To mmu 
scientific accuracy it has of course no pretensions. , , 

The samo method maybe applied to other mixtures of salts whioh depress thetempo- 
rature in dissolving, and likewise to such as raise it. It is more exact in ‘ 
ns the amounts of depression produced by the two salts differ more wi e y 

““^Fixed oils ( c a., olive-, poppy-, and rape-oil) evolve different degrees of heat when 
treated with stron/sulphuricacid, and the temperatures thus produced may be applied, 
Hiktmanne ‘r to deteLne the proportions of two of them existing .n a mixture 
especially when one is adrying and the other a non-dry, ngo l According to Maw 
menA (Comot. rend. xxxv. 572), 50 grms. olive-oil mixed with 10 cub. cent, suipnu 
ric acid of 60° Baum6, become heated from 25° to 67°, that is 42 ; and 5 grms. 
poppy-oil similarly treated are heated from 26° to 100 , or 74 . ofdiffe- 

** According to Fa is st and Knauss (Dingl polyt. 

rent fixed oils mixed with 5 grms. strong sulphuric acid (freed from excess ol water oy 
boiling) exhibited the following degrees of heating : 

Olivo-oil from 1 6°— ^°, therefore 38°. 

Almond-oil „ 12°— 62° „ 40°. 

Rape-oil „ 14° 60® „ 55°. 

Poppy-oil „ 17° — 87° »» 70 . 

With linseed-oil the rise of temperature was more than 100°, 

because decomposition took place at the same * ,me ' ^^nt H§0‘ the follow^ 
treated with 7*6 grms. of sulphuric acid containing 90 per cent. R bU , tue iouowing 

rises of temperature were observed : 

Olive-oil from 12° — 40°, therefore 28 
Rape-oil „ 17°— 54° t> 

Linseed-oil „ 16** — 91 » 75 ; 

mixtures of olive-oil and poppy-oil, and of linseed-oil and rape-oil or palm-oil, ^bitmg 
a"rise of 9 temperature neariy%al to the means of the numl^ by m^du^ 

oils This method might therefore be applied, in default of a better, for Mtamming 
™ xtuitsof Ssed^ls : it requires, however, that the process be always conducted in the 
ttame 1 ^^ esp^ially^at thi glasses used shalf be of the 

It would be necessary also to ascertain whether the same oil, , writer 

exhibits the same ri*> of temperature, when recently expressed, as when old, and under 

other conditions. 

H fQ -f f w.M T. ywi A thermo-electric pile connected with a delicate 

galvanometer for indicating slight changes ofjica^or^SA^I r^* ^ 

currents produced oh exposing one end of the pile to a soWh \ 

tsioity, ii. 418.) , * * 
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of •odium, Na*00*JlKh (See 


TlSlHOVST&lSTE A mineral occurring at Hopoomara, in Finland, in 
grains or rounded indistinct crystals, cleaving easily in one direction, white to yellow- 
ish-brown, soft, of specific gravity 2 56 (Hermanh). When heated, it exfoliates, 
and swells up to a mater bulk, but melts only on the thin edges. It is decomposed, 
but with difficulty, by sulphuric acid. 

Analyses : a. By Arppe (Analyser af. finska min. p. 27). — 6. By Hermann (J* pr. 
Chim. uutiu, 213). — o. By N orthcote (ML lxxvi. 253) : 



StO*. 

APO*. 

FeO. 

a. 

41-20 

1*71 

1*20 

6 . 

43-13 

4*91 

1*79 

e. 

41*48 

5 49 

1*59 


MfO. K*0, WO, 

39*58 3*19 0*46 

34*87 . . 1*33 

37*42 . . 2*84 


H»0. 

8bO>. 

•XuO. 


10*84 

1*00 - 

99*18 

13*14 

• • ™ 

99*16 

10*88 

• • •• 

99*70 


According to the first analysis, the mineral consists essentially of 2(3Mg0.2Si0 1t ).3H t 0 ; 
that is to say, it differs from serpentine only in its amount of water. The second 
analysis leads nearly to the formula 6Mg0.6Si0*.6H*0, and the third to 4Mg0.8Si0*. 
2H*0. According to this last formula, the mineral in related to hydrophite and gym- 
nite. 


IMTAT. An apparatus serving to maintain a body at a constant tem- 
perature. Contrivances of this sort were invented by Ure, in which two rods of dif- 
ferent metals soldered together, being bent by change of temperature, were made to 
act upon a valve or stopcock, so as to regulate the draught of a furnace, the rate of 
escape of steam, or the influx of cold water into a boiler. (See Ure’s Dictionary cf 
Arts, &c., iii. 880 ; also Handw. d. Chem. viii. 129.) 


*rtt W KTT** mTW One of the products obtained, according to Zeiss, by the 

simultaneous action of ammonia and sulphur upon acetone, 

tmoma AGO. C’EPOS - Sulpiydrtt* </ Aettyl. (K«- 

kul6, Ann. Ch. Pharm. xc. 311. — Ulrich, ibid. cix. 272. — Kekuld and Lin- 
neraann, ibid, cxxiii. 273.) — This acid, discovered by Kekult in 1854, is related to 
acetic acid in the same manner as mercaptan to alcohol, or sulphydric acid to water. 
It is produced: 1. By the action of trisulphide or pentasulphide of phosphorus on 
glacial acetic acid, in which case the typical oxygen of the acetic acid is replaced by 
sulphur : 

S°1> + P’S* - P*0* + 3 C * g'° 1 8. 

2. By the action of acetic chJbride on sulphydrate of potassium, in which ease the 
acetyl takes the place of the ^Rbassium : 

C*H*OCl + KHS - KC1 + 0"H*O.H.S. 


3. By the action of water or alkalis on disulphide of acetyl (Keku 14 and Lin ne man n)„ 
— 4. By the action of nascent hydrogen on sulphacetyUc chloride (Vi set, Ann. 
Ch. Pharm. cxix. 142) : 

C*H»C1S0« + 4H* - 0^*08 + HC1 + 3H*0. 


Preparation . — 300 grms. pentasulphide of phosphorus and 108 grms. glacial acetic 
acid are heated in a retort as nearly as possible half-filled with the mixture, till reac- 
tion commences; and the portion of the product driven over by the heat resulting 
from the action is collected apart. 650 grms. acetic acid and 1,800 grms. pentasnlphide 
of phosphorus, thus treated, yield, after one rectification of the product, 250 grms. of 
pure thiacetic acid. (Kekulc and Linnemann.) 

Properties . — Thiacetic acid is a colourless liquid, which' becomes yellow byjkeeping, 
has an unpleasant odour like that of acetic and sulphydric acids together, boifli at 95 J , 
and dissolves in alcohol and ether. It is decomposed by strong nitric acid at a gentle 
heat and by the faming acid, even in the cold, with explosion. — With pmtaehloride of 
phoephoru* it yields chloride of acetyl and sulphochlonde of phosphorus : 

OTEPO.HJJ + PCI* - C*H*OCl + HC1 + P8C1». 


Th iacc tatei. — Thiacetic acid is monobasic, the general formula of its salts 
being 0*H i M08 for monatomic, and C 4 H i M"0*S 3 for diatomic metals. Host of the 
thiacetates dissolve easily in water and in alcohol, and may be obtained by dissolv- 
ing an oxide or carbonatein thiacetic add, or by decomposing the barium-salt with 
sontblu sulphates. TbeflVHd*aalt, which is bat slightly soluble in water, is obtained 
by preripitatioo. * Thiacetic add dissolves potesrium, with evolution of hydrogen; 

3 © 2 
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also zinc when heated therewith. Thiaeetates are decomposed by Mu*, with 
formation of metallic iodide and acetic disulphide (Kekuli andtinnemann): 
2C 2 H*MOS + P - 2MI + (G»H«0)*S*. 

The potassium-salt, C ! H’NaOS, the sodium-salt, CjB*NaOS.JH’0, the barium.**, 
C'H'Ba S J 0 2 .3H'0, the strontium- salt, C , H‘Sr'S s 0 , .2H 0, and the calcium-salt, 
C , H*Ca"S 4 0 s .2H , 0, are crystallisable (Ulrich). — The lead-salt, CH‘PbO*S, ob- 
tained by precipitating acetate of lead with thiacetic acid, crystallises from he* water 
or alcohol, in colourless silky needles. It is very unstable, decomposing quickly, both 
in the dry state and in solution, with separation of lead-sulphide (Kekule). I he 
mercuric salt is obtained, by double decomposition with mercuric chlonde and potessie 
thiacetate, as a white precipitate which soon turns black -The silver, and copper-salts 
are still more unstable.— Recently precipitated Jerric hydrate dissohos m thiacetic 
acid, forming a greenish solution, which deposits sulphide of iron when wanned. 

Ethylie thiacetate, C‘H 9 OS - Obtained by tho action of phosphoric pen- 

tachloride on ethylie acetate. It is a liquid lighter than water, and insoluble therein ; 

smells like ethylie acetate and sulphydric acid. Boils at about 80 . (Kokuld.) 

T HIAC ETIC AKHTDBIDB. (C s H«0) 2 S. Acetic Monosulphide or Protosul- 
vhide. (KekuU, toe. eit.)— Produced by the actionof phosphoric pentasulphide on acetic 
anhydride. On gently heating the mixture, a violent reaction takes place, and tln- 
acctic anhydride distils over. When purified by ^distillation, it forms a colour ess 
liquid, having a peculiar odour, and boiling at 121 . It sinks in water at first, with- 
out decomposition, but afterwards decomposes, yielding acetic and sulphydnc acids. 

Acetic Disulphide, (C 2 H’0) 2 S*. (KekuU and Linn emann, loc. «<.)— Produced 
by tho action of iodine on metallic thiaeetates (p. 771). Iodine is gradually added to 
the slightly acidulated solution of a thiacetato, till the liquid becomes brown, and tho 
excess of iodine is removed by adding a little more of the thiacetate. Acetic disul- 
phide then separates as a yellow liquid, which may be purified by ™ d 

Water drying over chloride of calcium, filtering, and leaving it in a cold place, where- 
in “solidifies in the crystalline state. The last trace of admixed sulphur may be 
removed hr dissolving the crystals in the smallest possible quantity of carbonic 
disulphide 7 and mixing the well-coolod solution with a small additional quantity of 
solid acetic disulphide ; tho liquid then gradually deposits tho pure compound in large, 

CO pure 0 acetic disufphid^mehs at 20° ; it has a peculiar, slightly hepatic «lonr,^s 
insoluble in water, but dissolves readily in alcohol, ether, and carbvnw disulphide. By 
water it is decomposed, gradually in the cold, quickly at the boiling heat, into sidphur 
and thiacetic acid ; with alkalis tho same decomposition takes plare immediately. It 
?s violently attacked by strong nitric acid-, with more dilute nitric acid. it yields 
sulphuric and acetic acids. When distillod, it gives <# thiacetic acid at 93 ; after- 
wards at 160°, a dark-coloured distillate resembling tho last portion of liquid obtained 
in the rectification of thiacetic acid. Acetic disulphide is decomposed by mercury, 
even at temperatures below 100°, but tho removal of tho sulphur is not complete. 

TBXAX.DINE. C“II'’NS S - N jOTU.SH. (Wohler and Liebig [1847], Ann. 

Ch Pharm Ixi. 1.— Hofmann, ibid. ciii. 93.— Brusewitz and Cathander, Bui). 
Soli Chim ri8671, i. 450.-Schiff, Laboratory, i. 404.)- An organic base obtained by 
thoaction of sulphydric acid on an aqueous solution of aldehydate of ammonium : 

3C‘H*(NH«)0 + 3H"S - C*H>*NS* + (NH*)’S + 3H*0. 

• To nrenare it aldehydate of ammonium, free from ether and alcohol, is dissolved in 
ZTpU of Xi 10 or 15 drops of ammonia arc added to every 30 gnus of 
the solutFon and a gentle current of sulphydric acid gas is passed through the 
mixture which then becomes milky in about half an hour, and deposits thialdine 
large crystals, having the appearance of camphor ; in four or fivehoure, lttbeliqmd 
Woroeicleur again? and the operation is finished. The crystals are collected on a 
filter washed with cold water, dried, and dissolved in ether mixed with a thud of it* 
volumr < of alcohol, which, when left to evaporate deposits th.aM.ne m rhomlnc 
tables often half an inch in diameter.— Sometimes this process yields no ?)** 

a colourless fetid oil, consisting for the most part of thialdine kept in the liqui 
state bv an oily body. To obtain the thialdine from this liquid, it is shake” “P 
h^iUvXieof ether in a stoppered bottle, and then 

whereupon the mixture solidifies to a crystalline mass of hydrochlorate of thiaWme, 
which is to be washed with ether, to remove the lust porlions of oil, then dried, 
moistened with a little ammonia, and redissolved in ether. 



TbiiUixie iB likewise obtained by peeving ammonia-gas into the compound of 
aoetjl-marcaptan with sulphydrie acid {L 107): 

C»H*S* + 8NH* - 20 H'W* + 3(NH<)*8. 

Thialdine forma large, strongly refracting crystals, haying the form of gypsum, and 
a density of 1‘191 at 18°. It has an aromatic odour, becoming disagreeable after a 
while; melts at 48°, and volatilises without residue at ordinary temperatures. When 
distilled with water, it passes over without alteration ; hut when distilled alone, it 
decomposes, giving off a fetid oil, which partly concretes, after a while, into a brown 
syrupy residue containing sulphur. 

Thialdine is very slightly soluble in water, but dissolves very easily in alcohol and 
ether. It does not act on vegetable colours, but dissolves easily in acids. 

An alcoholic solution of thialdine is not immediately precipitated by acetate of lead, 
but, after some time, a yellow precipitate is formed, which changes to red, and ulti- 
mately to black. — Nitrate of silver forms a white precipitate, changing to yellow and 
black ; mercuric chloride a white precipitate, changing to yellow ; platinic chloride 
gradually forms a dingy yellow precipitate. 

Thialdine and its suits, heated, with a solution of silver-nitrate, are decomposed, with 
formation of eilvor-sulphido. Thialdine culcined with calcic hydrate, yields an oily 
alkali having the characters of chinolino. It is quickly decomposed by chloric acid. 
According to Goss man n, thialdine treated with silver-oxide and water, is converted 
into the analogous compound, leucine, C^H^NO* ; but Hofmann has shown that in 
this reaction, Hie whole of the nitrogen in the thialdiue is converted into ammonia, 
acetic acid being formed at the sumc time. 

Salts of Thialdine. — Thialdine unites with acids, forming soluble and crystal- 
li sable salts. The acid salts decompose when dried in a vacuum over oil of vitriol, the 
sides of the vessel becoming covered with slender noodles, perhaps consisting of 
allylic sulphide, formed according to tho equation, C'H'MfS* — NH* — 2C*fi*9. 
(Brusewitz and Cuthandcr.) 

Hydriodate of Thialdine , C*H ,, NS , .III 1 separates in small prisms or laminae, on 
mixing the solutions of potassium-iodide and thialdine-sulphate. It is slightly soluble 
in cold water, but dissolves easily in boiling water, alcohol, and ether. — The hydro- 
bromate , C^H^NS'.Hllr, crystallises in rhomboidtil prisms, resembling the hydriodate 
(Brusewitz and Ca thunder). — The hydrochlorate , C*H ls, NS*.HCl, obtained by 
dissolving thialdine in hydrochloric acid, crystallises in fine, colourless, highly 
lustrous prisms, moderately soluble in cold water, less soluble in alcohol, insoluble in 
ether, decomposed by heat (Wohler and Liebig). — The hydrocyanate is formed 
on adding cyanide of potassium in sufficient quantity to sulphate of thialdine, partly 
as a white precipitate, partly as an oil which floats on the surface of the liquid; the 
precipitate and the oil gradually »form into crystals, which may be purified by reciys- 
tallisation from ether. (Brusewitz and Cathander.) 

The nitrate , C*H'*NS*.HNO J , is easily obtained by agitating the ethereal solution of 
crude thialdine with moderately strong nitric acid, the mixture solidifying to a crys- 
talline pulp, which may be purified by recry stalli sat ion. It forms colourless needles, 
more soluble in water than the hydrochlorato, soluble in alcohol, insoluble in, ether. 
(Wohler and Liebig.) 

The oxalate, probably an acid salt, separates from a solution of thialdine in oxalic 
acid, in large quadrangular prisms, which are easily decomposed by evaporation. 
(Brusewitz and Cathander.) 

The acid phosphate, C , H ,s NS*.H*P0 4 , is obtained like the sulphate, and ite solution 
is decomposed by heat nearly in the same manner. It crystallises in slender needles, 
very soluble in water, alcohol, and ether, and melting at a high temperature. Phosphate 
of sodium, added to a solution of sulphate of thialdine, throws down a white precipi- 
tate, consistingof free thialdine. (Brusewi tz and Cat hander.) 

Acid sulphate , CH^NS^.H^SO*. — A solution of thialdine in excess of sulphuric acid, 
is decomposed by heat, yielding a number of products, among which are sulphate of 
thialdine and needle-shaped crystals, probably consisting of sulphido of allyl {supra). 
The solution, evaporated in a dry vacuum, yields the acid sulphate in large pnsms, 
soluble in water, alcohol, and ether. When sulphocyanate of potassium is added to 
the solution of ibis salt, a precipitate is formed, and a gas is given off) not .consisting 
either of carbonic anhydride or of snlphydric acid. (Brusewitz and Catnander.) 

Tartrate of thialdine crystallises in Luge prisms. 

Dertoattoe* and Analogues of Thialdine. 

Ethyl- thialdine , - C 4 H rt (C 1 H 1 )N8».--Obtaiiied, though not in the 
pure state, by saturating aldehyde with ethylamiue, and treating the syrupy liquid 



with sulphydric add ; it then separate# aa a neutral, easily d eoom poaibloofl. uc m « 

gar, Jahresb. 1856, p. 619.) „ . 


Methyl -thialdine, C*H ,a (CH*)NS\ is obtained in a similar manner, by the 
action of snlphydric acid on aldehydate of methylamine. (Fliic tiger.) 

• M e thy l -thi aid ammonium, C T H'*NS*. — Thialdine unites directly with iodide of 
methyl (mixed with an e^ual volume of ether), forming the compound C < TP*NS*,CR , i 
=> C , H lf NS l .I t which solidifies in a crystalline maBs. This compound, when purified 
. by washing with ether, and r eery at&lli sat ion (avoiding a boiling heat), behaves like 
iodide of tetramethylammonium. It is insoluble in ether, soluble in alcohol, some- 
what soluble in water, and is precipitated therefrom, without decomposition, by cold 
caustic potash ; by boiling potash, however, it is completely decomposed, forming a 
brown resinous substance, smelling of aldehyde, which is likewise produced when 
thialdine is strongly heated with iodide of methyl. The acid-reacting aqueous solution 
of the iodide, treated with recently precipitated silver-oxide, becomes alkaline, and gives 
a precipitate of silver-iodide ; but quickly undergoes complete decomposition, yielding 
silver-sulphide, aldehyde, ammonia, and hydrate of tetramethylammonium : 


4C T H*«NS*I + 10Ag*O + 3H*0 - 4AgI + .8Ag*S + 12C*H 4 0 + SNH* 

From its behaviour with iodide of methyl, Hofmann infers that thialdine is a nitrile 
base, N(C a H ,a S*y". But, from recent experiments by Schiff (the details of which are 
not yet published), it appears most probable that thialdine, and its homologues and 

f OH^.SH 

analogues, may be represented by the general formula N-l By the action 

(OH**— 1 

of ammonium-sulphide on acrylic and cenanthic aldehydes, Schiff has obtained 

/C 8 H 4 .SH 

acrothialdine, C*H 19 N&* - nJc*H*:SH, and ©nanthothialdine, C"fl«NS* 

l CTO* 

l C*H".SH 


THtAMBTHALPnfB. Syn. with METHYl-THLAXDrXK. 


TRIASZBOIC ACID. C ,0 H 14 SO* = (Stadeler and 

Wachter, Ann. Ch. Fharm. cxvi. 163.) — An acid containing the elements of anethol 
or anise-camphor (i. 297) and sulphurous acid, and (according to Stadeler and 
Wachter) identical with Limprjcht and Ritter’s anisoic acid (i. 306). To prepare 
it, anethol is boiled with nitric acid of specific gravity 1*1 ; the oil thereby produced 
(together with oxalic and a small quantity of anisic acid) is rectified; and the 
distillate, which passes over between 216° and 246°, is left for some time in contact 
with a concentrated solution of acid sodium-sulphite and a small quantity of alcohol ; 
the sodium-salt of thi anisoic acid then crystallises out. 

The pure acid is separated from the barium-salt by addition of sulphuric acid, and 
remains in the crystalline form, when the filtered solution is left to evaporate. It has 
a strongly acid and astringent taste, with sweet aftertaste, dissolves easily in water, 
alcohol, and ether ; its dilute solution may be boiled without decomposition. 

The crystals, which contain C ,i H 14 S0 4 .2H*0, melt below 200°, and the acid, if not 
more strongly heated, solidifies again in the crystalline form on cooling ; bnt on 
raising the temperature to 100°, the water of crystallisation is given off, and the acid 
then solidifies in the amorphous state on cooling. At a stronger heat, it blackens and 
decomposes, giving; off sulphurous anhydride, with au odour somewhat like that of 
anise, but of a fetid character. 

Thianisoates. — Thianisoio acid is monobasic, and mostly forms crystallisable 
salts, easily soluble in water, sparingly soluble in alcohol, insoluble in ether. 

The ammonium~aalt forms crystals resembling those of the sodium-salt, and contain- 
ing 1 at. water. 

The barium-salt, C ;# R M Ba"S*0\3H*0, separates on mixing the concentrated solution 
of the sodium-salt with barium-chloride, in delieate laminae, and crystallises from a 
hot aqueous solution in beautiful stellate groups ; it may be recrystallised, without 
alteration, from hot hydrochloric acid. It dissolves in 12 pta. ox cold water. The 
crystals give off 2 at. water at 103°, and the remainder at 130°. — The calcittm-mlU 
C^H^KUa S t O , .2H*0, separates from a mixture of the concentrated solution of the 
sodium-salt with chloride of calcium, in shining needles, which dissolve in water more 
readily than the barium-salt, and are moderately soluble in warm alcohol. 
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Th^ 5 ^ that a mixture 6f &e sodium-salt wfeh cupric Shlpfcate, 

in black shining buniii©. 

The lemselt crystallises from a solution of the sodium-salt, mixed with neutral 
acetate of lead, in thick well-defined tables and prisms.— A basic lead-salt separates, as 
a white amorphous precipitate, on mixing the sodium-salt with basic acetate of lead. 

The magnesium-salt, C^H^Mg^O^fiETO, is likewise obtained by double decompo- 
sition, and crystallises in rectangular tables, moderately Soluble in water and in 
alcohol. They give off 3 at. water at 100°, and the remaining 2 at at 130°. 

The sifaersaU forms* delicate prismatic lamina, moderately soluble in water, and not 
decomposed by boiling water. 

The sodium fal% C , *H' , S0 4 ; H , 0 ( prepared os above described, crystallises in warty 
groups of shining laminin, or in thin rhombic tables. It dissolves in 6*6 pts, water at 
mean temperature, sparingly in cold, easily in boiling alcohol. The crystals are slightly 
efflorescent, and give off their water at 100°. 

TSSAMSOLi C*H*SO. Hydride of Sufphanisyl , — A white pulverulent sub- 
stance, formed by the action of ammonium-sulphide on anishydramide (i. 209). 

TBI1B8CBZTB. The name applied by Liebig to a deposit of calcic OXtflate 
found on some parts of the Parthenon at Athens. (See OxaiatbS, iv. 264.) 

TBIBTKALBdrx, Syn. with Ethtl-thxaldinb (p. 773). 

TBZiT-SXS. A resinous substance used as a varnish by the Bunhese. It 
exudes from a tree in the form of a light-brown, very viscid liquid, of the consistence of 
treacle, but on exposure to the air for a few minutes, becomes quite black, and hard 
on the surface. The same change takes place instantly in contact with caustic potash. 
The resin spread in a thin layer, on wood or other solid bodies, quickly forms & hard 
deep-black coating of groat brilliancy. 

On digesting the unaltered substance with alcohol of 80 per cent, at a gentle bent, 
the greater part gradually dissolves ; and on decanting the clear liquid from the in- ' 
soluble residue, and distilling off the alcohol, there remains a very tenacious gummy 
residue of a rich brown colour, which undergoes no change of colour on exposure to the 
air, but very slowly hardens. In contact with caustic potash, however, it blackens 
like the original substance. 

The residue, insoluble in alcohol, dissolves for the most part in ordinary ether, 
forming a dark-brown solution, and leaving a light-brown solid resin. The ethereal 
solution, when evaporated, leaves a residue which, on exposure to the air, instantly 
becomes quite black, and after a short time nearly solid. This then is tho portion of 
the original substance to which the property of blackening on exposure to the sir is 
due. 

The solid resin, insoluble in alcohol and ether, which forms but a small part of the 
original substance, is quite unalterable in the air. When (leated with nitric acid, 
it yields a crystalline sublimable acid, exhibiting the characters of succinic acid. 
(H. Watts, Unpublished Experiments .) 

TKZOBavXALBZn Syn. with Htdbitoi ov Sujlvmazobbmzoih. (p. 481). 
nzoimoio AOX3K OTTOS - C ’h‘ 0 [& (C 1 o e «, Ann. Ch. Pfaarm. cxr. 

27.) — This acid, analogous to tbi acetic acid, is produced by mixing an alcoholic solu- 
tion of potassium-monosulphide with chloride of benzoyl till the liquid no longer 
blackens lead-paper. A brisk action then takes place, chloride or potassium is 
deposited, and thiobenzoate of potassium remains in solution, together with etbylio 
sulphide, ethylic benzoate, and other products. On distilling off the alcohol Over tho 
water-bath, and mixing the aqueous solution of the residue with dilute hydrochloric 
acid, an oily liquid separates, which smells of mercaptan, and, when left to stand in a ( 
cool place, deposits thiobepsoie acid in colourless crystals. 

Thiobenzoic acid, when purified by recrystallisation from carbonic disulphide, forma 
small rhombic tables, inodorous and tasteless. It melts at 120°, become* ruse- 
coloured and gives off snlphydric acid between 160° and 180 3 , Mud decomposes 
further at 300°, yielding an oily distillate which solidifies on cooling. The acid is 
quite insoluble in water, slightly soluble in alcohol and ether, easily soluble in mer- 
captan, ethylic sulphide, anocsrboiiic disulphide. It dissolves without decomposition 
in alcoholic potash, soda, or ammonia, and forms definite salts with bases. The alka- 
line thiobenaoates precipitate ferric softs, —The lead-salt is a white precipitate*— 
Ethylic thiobenzoate appears to be contained in the oily liquid from which the acid is 
deposited in the course of preparation above described. 

WOBBVIO^ or 2IIOSSV10TMTMtl3& See Durr Aims OF BlUf* 
evn-ETDioDi (i. 671). 



779 THIOBUTYRIC ACID— THIODI^TGOtLfO ACID. 

TilOBUT I XZO ACX8. C 4 H*OS. — An acid homologous with thiacetic acid, 
produced by the action of phosphoric protosulphide on butyric acid (i. 694). 

TBXOOAPBnrALBZVfi. A compound, analogous to thfaldine, formed, accord- 
ing to Wagner (Pham. Centr. 1861, p. 32), by the action of eulphydric arid on the 
ammonia-compound of capric or rutic aldehyde (i. 742). 

TBXOCHROXHO AO ZB. A product of the action of sulphurous acid on tetra- 
chloroquinone (p. 29). 

THXOCXWSfOL. C*H*S. — A pulverulent substance formed, together with sul- 
phide of ammonium, by the action of eulphydric acid on hydrocinnamide (Oa hours, 
Compt. rend. xxv. 458) : 

* C* 7 H 3, N* + 4H*S - 3C*H 9 S + (SR*y8. 

THXOC1TMOX*, or TBZOC171MCZWOXi. C 10 H l2 S. — A body produced from cumi- 
nol (cuminic aldohydo, C ,0 H ,2 O) by the action of ammonium-sulphide (ii. 183). 

THXOCTAZriDEB, or Hydrothiocyanates . — Salts formed by boiling p ersulphocy a- 
nogen with alkalis. (See Persulphocyanoghn, iv. 381.) 


XHXOD1ACSTXC AOXX>. See Thiodiglycoixic Acid. 

H a 

TKXOOIOLTCOLL&KZO ACID, 


0) or Thiodiacetamio 

S 


Ha )n 
M(C ( ffSO l )j2. 


(E. Schulze, Zeitschr. f. Chom. I860, p. 181 ; Jahresb. 1866, 


S . 345.)— The barium-salt of this acid, C"H l, Ba"N 2 S*0*.II 2 0 J produced by treating tliio- 
iglycollimide with cold baryta-water, crystallises, by evaporation over sulphuric acid, 
in needles, or forms a gummy mass if quickly dried. Tlie acid, C l H T NSO l , separated 
from the barium-salt by sulphuric acid, or obtained by heating the acid ammonium- 
salt for several days to 145°, crystallises in colourless prisms, permanent in the air, 
melting at 125°, and converted at higher temperatures into thiodiglycollimide. It 
dissolves slowly in cold, easily in boiling water, forming an acid solution which is 
not precipitated by lead- or si Ivor- salts. — Tho calcium-salt , C H H l2 Ca"N 2 S 2 0".ll O, 
crystallises from a syrupy solution in small needles. — Tho silver-salt, C 4 H 9 AgNSO*, 
may be crystallised from hot water. 


(C 2 H*0)" )n , 

THXODXBX.'X’COX.BAMXDB, C 4 H 8 N 3 SO* « (C 2 H 2 0)">S , or TModiaeeto- 

H 4 

diamidej^ ) | N 2 . (Schulze, loc. cit.) -This compound is obtained by the action 

of neutral sulphide of ammonium on chloracetamido in alcoholic solution. The reac- 
tion, which consists in tho substitution of 1 at. S for 2 at. Cl in a double molecule of 
chloracet&mide, seems to show that the second of the above formulae is the more correct 
expression of the composition of the product: 

C‘H'Cl s ° l | N1 + - 2NH'CI + (C*H«0*rj N , 

9 mol. chloraue- Thiodisce o- 

tamide. diamide. 

The product, after washing with alcohol and recry s tall isati on from water, forms small, 
white, quadratic octahedrons, which melt when heated, and then decompose, giving off 
the odour of ammonium-sulphide. 

c*h*0)„ 

TBXODXaLTOOLLZO or THXODXAOBTXC ACXD. C‘H a S0 4 = (TOPO 

or (0®O0*y| 0 i - (Schulse, Zeitschr. f. Chem. 1866, p. 78; 1868, p. 181 j 

Jahresb. 1864, p. 325; 1865, p. 345. — Wislicenus, Zeitschr. f. Chem. 1865, 
p. 621 ; Jahresb. 1865, p. 344.) — This acid, which has tho composition of diglycoltic 
arid (ii. 912), with 1 at. oxygen replaced by sulphur, or of a double molecule of acetie 
arid (C 4 H B 0 4 ) in which 2 At. hydrogen are replaced by 1 at. sulphur, is produced : 
1. By boiling thiodiglycoll&mide with baryta-water as long as ammonia is evolved : 

C 4 H B N*SO* + 2H*0 - 2NH* + C*H*SO\ 

By precipitating the solution of the resulting barium-salt with acetate of lead, decom- 
posing the lead-salt with sulphydric acid, and evaporating the filtrate, thiodiglycoUis 
arid is obtained in crystals. (Sehulse.) 



'i'HIODIGL Y COLLIiflUE. . 

9. Ethylic thiodiglycollate, C 4 H 4 (C*H*) t S0 4 , is produced by the action of potassium- 
•ulphydrate on ethylic chloracetate: 

2C*H*(C , H*)C10 a + KHS - C 4 H 4 (C*H‘) , S0 4 + KOI + Ha. 

This ether, treated with alcoholic potash, yields thiodiglycollate of potassium, which 
may be converted into a lead- or silver-salt by precipitation, and from this the acid 
may be obtained. (Wislicenus.) 

Thiodiglycollio acid crystallises in large, thin, rhombus plates (Schnlse). It 
melts at 129° (Schulze), at 126° (Wislicenus), volatilises completely when cau- 
tiously heated, dissolves in 2*37 pts. of water at 18°, and is soluble in alcohol. The 
aqueous solution is precipitated by lead- and silver-salts. The acid is not attacked 
by fuming hydrochloric acid, even at 150° — 180°; but when heated to 160°, with 
excess of hydriudic add (boiling at 125 c ), it is reduced to acetic acid : 

C 4 H*S0 4 + 4HI - 2C a H 4 0* + H*S + 21*, 

The thiodiglycollatea are mostly soluble in water, insoluble in alcohol, and easily 
crystaUisable, — The acid ammonium-salt, obtained by treating monochloracetate of 
ammonium with alcoholic sulphide (? s ulphydrate) of ammonium l crystallises in octa- 
hedral forms, mostly prismatically distorted. Whon heated to 180° — 200°, it gives off 
water and ammonia, and leavos thiodiglycollimide, C 4 H a NSO* (Schulze). — The neutral 
potassium-salt crystallises in broad colourless prisms, wbien give off 1 at. water at 
120° (Schulze). Wislicenus, by the action of alcoholic potash on ethylic thiodigly- 
collate, obtained it in thin needles, containing C 4 H 4 K a S0 4 .H 3 0. — The acid potassium- 
salt is anhydrous, permanent in the air, and loss soluble than the neutral salt* 
(Schulze.) 

The barium- salt, C 4 H 4 Ba"SO\ in tho anhydrous Btato, forms sparingly soluble crys- 
talline crusts. By leaving it for some time in contact with the mothor-liquor, a hydrated 
salt, C 4 H 4 Ba"S0 4 .5ir i O, is obtained in prismatic crystals, which are permanent in the 
air, but become opaque and anhydrous when immersed in hot water. (Schulz e.) 

The cupric salt , C 4 H 4 Cu"S0 4 .H*0, is formed, on mixing moderately concentrated 
solutions of the ammonium -salt and cupric sulphate, as a bluish-white crystalline 
precipitate, which, on heating the liquid, is converted into blue crystals of the anhydrous 
salt. (Schulze.) 

The neutral lead-salt, C , H 4 Pb"SO\ is crystalline, soluble in hot water and in dilute 
nitric acid. — A basic lead-salt , C 4 H 4 Pb"S0 4 .Pb"0, is formed when the ammonium-salt 
is mixed with basic lead -acetate at the boiling heat. — The silver-salt is a flocculont 
precipitate. — The zinc-salt crystallises with 4 at. water in sparingly soluble rhombic 
plates. 

Ethylic Th iod iylycoll atr, C 4 H , (C*H*)*S0 4 l is obtained : — 1. By satnrating thealcoholio 
solution of the acid with hydrochloric acid (Schulze).-— 2. Together with other pro- 
ducts, by the action of potassium-sulphydrate on etl lylic monochloracetate. On treating 
tho product of this reaction with water, a fetid oil is separated, which, when rectified, 
yields ethylic thiodiglycollate between 267° and 2G8°(W isliconus). This ether Is a 
colourless liquid, which has a faint ethereal odour, is insoluble in water, distils, for the 
most part undecomposed, at 240° — 260°, and, when treated with alcoholic ammonia, 
yields thiodiglycollamide. (Schulze.) 

TIXOSZaiTCOUZO CBLOBXDI. Thiodiglycollio acid, treated with penta- 
rhloride of phosphorus, forms a colourless chloride, difficult to purify, which yields 
with alcohol a sulphuretted oil, insoluble in water, and apparently not identical with 
ethylic thiodiglycolbte, inasmuch as it is decomposed by ammonia, with formation of 
ammonium-sulphide. (Schulze.) 

moxftsa&TOOXiUC BTBXB. Syn. with Ethylic Thiodiolycoixatb (t fid. 


TXMZ9B, (CWSO*) j ^ f orme d by tho dehydration of acid thiodiglycollate of am- 
monium, and is deposited from a hot aqueous solution, decolorised by animal charcoal, 
i n thin prismatic needles or laminse. It is sparingly soluble in cold water, melts at 128°, 
and sublimes undecomposed at a higher temperature. On mixing its slightly ammoniacal 
solution with nitrate of silver, argento-thiodiglycollimide, C 4 H 4 AgN80*, is 
precipitated in white flocks, which are decomposed by boiling. — By baryta-water, at 
the boiling heat, the imide is converted, with evolution of ammonia, into thiodigly- 
collate of barium; in cold baryta-water, on the other hand, it dissolves as thiodigly- 
coUamate of barium (p. 776). (Schulze.) 


TBlOBia&TCOUXMXOIt C 4 H*NSO* 



TT8 THIOFOBMfC— TfJIONAPHTBtAMIC ACID. 

\ nnoroXMXO AOllh A compound, probably homologous with thloMth add, 
produced in small quantity by the faction of sulphydric acid on formate of lead, at 
200° — 300°. It forms small transparent crystals, which hare an alliaceous odour, are 
insoluble in water, may be recrystallised from alcohol, melt at 120°, and sublime at a 
lower temperature; They are insoluble in sulphide of ammonium, and dissolve but 
slightly in boiling potash-ley. Their alcoholic solution, which does not redden litmus, 
forms with upstate of lead a yellowish, and with silver-salts a whitish precipitate, 
both of whi& are blackened and decomposed by heat. (Limpricht, Ann. Oh. 
Fharm. xcvii. 361.) 

TBtOWOVSOb A body analogous and very similar to thiofurfurol, pro- 
duced by treating fucusol in alcoholic solution with sulphydric acid. By dry distilla- 
tion, it yields a product of decomposition called pyrofucusol, which cryst allises in 
needles, and has probably the same composition as pyrofurfurol, C B H 8 0*. (9 teahouse, 
Ann. Oh. Plmrm. lxxiv. 203.) 

TKZOVVBFO&, or TBIOFVEIUBOIn C*H 4 OS. — A compound formed by 
the action of ammonium-sulphide on furfurol, or of sulphydric acid on furfur&mide 
dissolved in alcohol. (See Fttofubol, ii. 753 .) 


T8XOMS&AVXO ACID. The black mass produced by heating alcohol with 
-excess of sulphuric acid. It was formerly supposed to consist of carbon, but, according 
to Erdmann (J. pr. Chem. xxi. 291), it is a sulphuretted acid, capable of forming 
salts with potasn and other bases. It has not been obtained in a sufficiently definite 
state to enable its composition to be determined with accuracy, and is probably a 
mixture. (See Gmdin's Handbook , viii. 240.) 

TBXOKlTBAUinra, Syn. with Methtl-thialdinb (p. 774). 


;e Aoxn, NH»so* 


• H * )v 

- (^)"}c 


N 

O* 


Sulfit-ammon *— This acid, which 


differs from acid sulphite of ammonium (NHMLSO 1 ) by the want of 1 at. water, is pro- 
duced by the action of dry ammonia-gas on an excess of sulphurous anhydride. It is a 
crystalline volatile substance, of a yellowish colour (perhaps due to impurity), and very 
soluble in water. In the moist, state, or in solution, it quickly undergoes a complete 
decomposition into sulphate of ammonium, trithionate of ammonium, and other pro- 
ducts. When sulphurous anhydride is mixed with excess of dry ammonia-gas, two 
volumes of the former unite with four volumes of the latter, forming thionamate of 

113 N 

ammonium. (SO)" which is an amorphous/volatile, neutral, deliquescent salt, 
Nffi u 


speedily decomposing in solution. (H. Bose, Pogg. Ann. xxxiii. 275; xlii. 425; 
G m. ii. 455.) 


TTBXONAMXfiS* N*H f (SO)'\ — Produced by the action of sulphurous chloride 
on dry ammonia : 

. 4NIP + SOCP - 2NH«C1 + N*H 4 SO. 

The sulphurous chloride should be well cooled, and the ammonia-gas passed in 
slowly. The product is a white, pulverulent, non-crystalline solid, from which the sal- 
ammoniac may be extracted by cold water. Thionamide is converted by hot water 
into neutral sulphite of ammonium, from which it differs by 2 at. water: (NH 4 )*SO*«- 
2H*0 — N‘H 4 SO. It is instantly decomposed by alkalis with evohition of ammonia, 
and by acids with evolution of sulphurous anhydride. (Schiff, Ann. Ch. Pharm. cii. 
111 .) 


TBIOVAtHTSAliXC ACID. Syn. with Na fhth t l8Ui. p h pi m ws Aero. (See 

Sulphurous Ethkrs, p. 660 .) 

TBIOarAPKTBAXSIC AC*3>, more properly, VAPBTBTISfilPXAMIO 

(Piria, Ann. Ch. Phys. [3], xxxi. 21 7.) — This 


ACX9, C ,0 H*NSO* - 


(SO*/ 
H 


C lN 

O’ 


acid is produced, together with naphthionic acid, with which it is isomeric, by the 
action or ammonium-sulphite on nitronaphthulene. The orange-yellow crystals ob- 
tained in tiie preparation of naphthionic acid (iv. 17), consist of n&phthylsulpham* 
ate of ammonium. The acid has not been obtained in the free state ; on attempting 
to decompose a thionaphthamate with an acid, even with acetic acid, it is resolved into 
naphthylamine and sulphuric acid. 

The naphthylsulphamates are generally prepared by double decomposition from the 
ammonium-salt. They are all soluble, and resemble each other in appearance and colour. 
They usually crystallise in large nacreous laminae of an amethyst or reddish colour. 





ACID. 

, i to the air, their solutions 

jht assist this decomposition, while the presence of _ 

stability on the solutions* Distilled with lime in excess, the naph thjlnulphiwntDi 
yield naphthylamine in the form of an oil which crystallises on cooling. 

The aminon ium-salt is obtained in crystals by dissolving the crude salt, prepared as 
above described, in 2 pta. of boiling water containing a few drops of ammonia, «nd 
cooling the solution. It forms small, reddish, nacreous lamina, the solution of which 
becomes more rapidly coloured than those of the other salts* It dissolves very easily 
in water, and in alcohol. When its perfectly neutral solution is heated between 80® 
and 90°, the water being replaced as it evaporates, it becomes colpured, and strongly acid, 
deposits a brown resin, and yields sulphate of naphthylamine* 

The potassium -salt t C‘*H B KNSO\ is obtained by boiling the ammonium-salt with 
excess of potassium-carbonate, till it ceases to evolve ammonia. On cooling, large 
nacreous laminae crystallise out, resembling boric acid. The salt i#- very soluble in 
water, but only slightly soluble in alcohol, and in aqueous potash or carbonate of 
potassium. — The sodium-salt, C'*H s NaSO*, prepared in like manner, forms reddish 
laminse, easily soluble in hot, but sparingly in cold water, especially in presence of 
sodi urn-carbonate. 


The barium-salt, C* # H w Ba"N t S*0 # .6H , 0 (?), is prepared by double decomposition 
with chloride of barium and naphthionute of potassium. — The calcium-salt, 
C**H l *Ca~N*S 2 0 4 , and the magnesium-salt, C**H? f Mg"N iJ S*0* l are very soluble. 

The lead-salt , C^H^Pb'N-SK) 4 , is prepared by decomposing a boiling solution of 
the potassium-salt with nitrate of lead, taking care that the potassium-salt is in excess.’ 
When the nitrate of lead is in excess, a double salt is produced, which appears to contain 
equal numbers of atoms of thionaphthamate and nitrato of lead. The thionaphthamate 
of lead is deposited from its boiling solution in czystalline grains, which may bo purified 
by a second crystallisation. It then forms a light, crystalline, reddish powder, very 
slightly soluble in water, and almost insoluble in alcohol. 


Acetato-thionapM hamate of lead, CH*Fb*0 4 . C^H 1 *Pb*N *8*0*, — When concentrated 
and nearly boiling solutions of potassium-tliionaphtbamate and lead-acetate are mixed, 
the latter being in excess and acidified with acetic acid, there is deposited on cooling a 
double salt, crystallising in reddish micaceous laminm grouped around a common 
centre. It is very slightly soluble in cold, more soluble in hot water. 

THXOarBMAA, G^H 1 “S. Schwefelessal . Schwrfelesyl. (Laurent, Ann. Ch . Phys. 
[3J, i. 292). — A compound produced, together with stubene, by the dry distillation of 
thiobenzol ; 

8C T H*S « C*H l, S + 2C ,4 H I * + 2CS* + 3H*S. 

Thiobensol. Thlonensl. StUbene.' 

It is obtained, from the portion of the distillate insoluble in ether, by solution in 
petroleum, and crystallises from the hot solution in silky needles. It is very sparingly 
soluble in alcohol and ether, more soluble in petroleum. It melts at 178°* often 
remains liquid till cooled down to the ordinary temperature of the air, and then 
solidifies without assuming a crystalline structure. When heated to 233°, it crystallise* 
os soon as a crystal is thrown into the liquid mass. It is decomposed by potassium, 
with formation of potassium-sulphide. Alcoholic potash-solution does not decompose 
it, even at the boiling heat. By boiling jiitrie acid, it is slowly converted into a yellow 
crust of tetranitrothionessal, C M H ,4 (NO , ) 4 S. — Bromine attacks it violently, 
forming a solid mass of tetrabromothionessal, insoluble in alcohol, 

ether, and petroleum. 

rasoinmxo Aon. Alloxanosulphurout acid (Laurent). OHWSO*. (Liebig 
and Wohler, Ann. Ch. Pharm. xxvi. 268, 314, 331.)— An acid formed by the simul- 
taneous action of ammonia and sulphurous acid on alloxan (i. 137). It is obtained by 1 
decomposing its lead-salt with sulphuretted hydrogen, and evaporating the filtrate at 
a gentle heat. It forms a crystalline mass, consisting of fine needles: it is permanent 
in the air, reddens litmus strongly, and has a very sour taste. It is readily soluble in 
water; when the solution is boiled, it is decomposed into diaiaramide, which separates 
out, and sulphuric acid : 

C 4 H*N*SO* + H*0 - C 4 H*N*0* + H*SO*. 

It is a dibasic acid. 

The normal ammonium-salt, C 4 H^NH 4 )*N*S0*.H*0, is obtained by boiling for some 
time a mixture of aqueous alloxan and sulphurous acid, saturated with ammonia; or a 
mixture of aqueous sulphite and carbonate of ammonium, and alloxan ; the salt crys- 
tallises, on cooling, in four-sided tables, which lose 6 per cent. (1 at.) water at 100®,- 
assuming a me-eolour. It is slightly soluble in cold, readily in hot water; the solu- 
tion reduces metallic silver from nitrate of silver, in the specular form. When fared 



*3d TfflONtX-tHIOPHOSPHOBrAlnC ACID. 

with solid potash, it yields sulphite of potassium. Mineral acids decompose u u a 
boiling heat (not in the cold), into dialuramide and sulphuric acid. Byvprolongpd 
heating to 200°, it is for the most part resolved into sulphate of ammonium and xan- 
thinine, C 4 H*N*0* (Finch, Ann. Ch. Pharm. cxxxii. 298) : 

C 4 H*(NH 4 )*N 8 SO* - (NH 4 )*S0 4 + OmPQ*. 

The add ammonium-salt , [C 4 H 4 (NH 4 )N 8 SO*], is obtained in fine white needles, by 
evaporating in a water-bath an aqueous solution of the normal salt with a small 
quantity of sulphuric acid : if the sulphuric acid is in excess, dialuramide, uramilic 
acid, and finally dialuric acid, is formed. The aqueous solution of this salt is decom- 
posed by boiling into sulphate of ammonium and dialuric acid : 

C 4 H*N 4 80 4 + 2H*0 - C 4 H 4 N*0 4 + (NH 4 )*S0 4 . 

Dialuric acid. 

The barium-sM is obtained as a flocculent precipitate, which gradually becomes 
crystalline, when the ammonium-salt is added to chloride of barium. It is readily 
soluble in hydrochloric acid ; boiled with nitric acid, it yields sulphate of barium, but 
no free sulphuric acid. 

The lead-salt is obtained by adding thionurate of ammonium to neutral acetate of 
lead/ It is a gelatinous precipitate, which, on cooling, aggregates into tufts of white or 
rose-coloured needles. By dry distillation, it yields urea, and another crystalline 
product. 

With sulphate of copper, thionurate of ammonium gives a yellowish-brown precipitate, 
whith is probably a cuprous salt. 

Gregory (Conrpt. chim. 1846, p. 118) mentions a peculiar acid, containing the 
elements of thionunc acid minus ammonia. F. T. C. 


THXOXHTXu SO. — The radicle of the Bulphurous compounds : e.g., sulphurous 
chloride, (SO)"Cl* — chloride of thionyl (p. 642). 

THXOV7LAMIO ACID. Syn. with Thionamic Acid (p. 778). 
THIOVTLAMZDB. Syn. with Thionamide (p. 778). 


THXOraOBPHAMZC ACID. PH 4 NS0 2 


Sulp 


JO* 


P(NH 2 )H*SO*. 


H* 

(PS)"' 

H* 

phamic Acid. (Gladstone and Holmes, Chcm. Soc. J. xviii. 7.) — This 
acid is formed by the action of aqueous ammonia on sulphochloride of phosphorus. 
(Respecting the mode of formation of this and the following acid, see iv. 606.) The 
sulphochloride added to strong aqueous ammonia diluted with an equal bulk of water, 
dissolves slowly on agitation, and forms an acid liquid containing sal-ammoniac and 
tfriophosphamic acid. The latter has not been isolated, but its neutralised solution 
yields, with solutions of heavy metallic salts, a series of salts resembling the thiophos- 
phodiamates {infra), and represented by the formula PNH 2 M''SO*. No precipitates 
are obtained with solutions of nickel, cobalt, iron, aluminium, barium, calcium, or mag- 
nesium. A solution of potassio-stannous chloride forms a white bulky precipitate, 
soluble in hydrochloric acid. Mercuric chloride throws down yellow mercuric sulpho- 
chloride, which, in presence of excess of thiophosphamic acid, turns black — a reaction 
which may serve to distinguish this acid from the following. 

H 4 

TBZOPHOSPHODZAMZC ACID. PH 5 N 3 SO « (PS)"' 

H 


Jn* 


P(NH a )*HSO. 


Sulphoxyphosphodiamic Acid. (Gladstone and Holmes, loc. cit .) — A monobasic acid 
formed, togothor with sal-ammoniac, by the action of ammonia-gas, or of the strongest 
aqueous solution of ammonia, on sulphochloride of phosphorus. The sulphochloride 
takes up about 4 at. ammonia (40 per cent, of its weight), and is converted into a 
white mass, easily soluble in water, and forming an acid solution, which, when 
neutralised, yields thiophosphodiamates, P(NH a ) v M"SO and P*(NH*) 4 M"S*0*, 
by double decomposition. Those salts decompose when heated, giving off ammonia 
and sulphide of ammonium. — The cupric salt, P*N 4 H 8 Cu"S 8 0*, is a yellowish-white 
precipitate, insoluble in dilute hydrochloric add and in ammonia, soluble in cyanide 
^of potassium, and turning brown when heated. — The zinc-salt, P*N^H 8 Zn"S*0*, is a 
'white flocculent precipitate, easily soluble in dilute adds and in ammonia. — The 
cadmium-salt, P 2 N 4 H 8 Cd"S*0 *, exhibits similar properties. — The lead-salt is obtained, 
on adding chloride of lead to the neutralised solution of the acid, as a white precipi- 
tate, soluble in dilute nitric acid, and turning black when heated with water. — The 
silver-salt was obtained, mixed with silveri-chloride, as a white precipitate, insoluble in 
dilute nitric acid, turning black in presence of excess of silver . — Stannous chloride 
Mad mercuric chloride form white precipitates, the latter of which quickly passes 



into the yellow* compound, Hg&HgOP, bul ls not under say circumstances converted 
into block sulphide of mercury — a character which distinguishes thiophosphodiamio 
froih thiophbephamic acid. The filtered solution contains an acid not yet examined.— 
Cobalt-salts give a bluish-white, nickel-salt* a greenish- white precipitate, both of which 
are soluble indilute acids and in ammonia. — Barium-, calcium- , magnesium-, aluminium-, 
and ferria salts give no precipitate. On attempting to isolate the add from its silver* 
or copper-salt, a liquid was obtained, which, when evaporated over oil of vitriol, 
decomposed with separation of sulphur, 

TKXOSAXXCOXm C’H'OS. Sulphosalicytic Hydride. — A compound produced 
by the action of sulphydric acid on hydrosulicylamide (iii. 218). 

' fL CS >' 

TBXOSXirAMXXrB. C*H 8 N*S = N 8 -| C S H\ Allyl-sulphocarbamide. Tthodalline. 

. — This compound is formed by the union of the elements of 1 at. ally lie sulphocyanate 
with 1 at. ammonia, just as allyl-carbamido is formed by the union of ammonia and 
ally lie cyan&te. It was discovered, in 1834, by Dumas and Felouze (Ann. Ch. Fhys, 
[2], liii. 181), afterwards examined by Aschoff (J. pr. Chem. iv. 314), Ldwig and 
w eidmann (ibid. xix. 218), Robiqnet and Bussy (ibid. xix. 232), and more com* 
pletely by Will (Ann. Ch. Pharm. hi. I). 

Preparation . — By saturating oil of mustard with ammonia-gas, or mixing it with 
3 or 4 times its bulk of strong aqueous ammonia, and leaving the mixture to stand till 
it is converted into a crystalline muss. If the mother-liquor filtered from these 
crystals be evaporated, to expel the excess of ammonia, and boiled with animal char- 
coal, a colourless liquid is obtained, which, on evaporation, yields crystals of pure 
thiosinamine to the last drop. It is best to use pure mustard-oil in the preparation! 
as the crude oil, when treated with ammonia, likewise forms a yellow resinous sub* 
stance, which cannot be removed without loss. 

Properties. — Thiosinamine, purifiod, if necessary, by recryBtallisation, forms white 
shining prisms, which (according to Schabus) belong to the monoclinio system, and 
arc cleavable parallel to + Poo and oP. It is inodorous, but has a bitter taste. Melts 
at 70*6° (Dumas and Pelouzo), at 74° (Wertheim), forming a colourless liquid, 
which cannot be volatilised without decomposition. In moderate doses, it does not 
exert a poisonous action on the human organism, but nevertheless produces sleepless- 
ness, palpitation of the heart, &c. (Wohler and Prerich s, Ann. Ch. Pharm. lxv. 
842). It is neutral to vegetable colours, but nevertheless exhibits some of the 
characters of ammonia, especially in tho facility with which it dissolves oxide and 
chloride of silver. It dissolves in hot much moro readily than in cold water, and ia 
easily soluble in alcohol and ether* 

Thiosinamine exhibits the same properties, whether prepared from natural or from 
artificial mustard-oil. 

Decompositions. — 1 . Thiosinamine is completely decomposed at high temperatures, 
sulphocyanic acid and other volatile products being formed, and charcoal remaining 
behind. — 2. By electrolysis , it yields sulphurous and hydrocyanic acids, and a yellow 
sulphuretted organic compound, which is deposited at the negative pole (Sc hi agden* 
hauffen, J. Pharm. [3], xliv. 100). — 3. Chlorine decomposes it in aeneous solution, 
forming large quantities of hydrochloric and sulphuric, but no sulphocyanic acid 
(Aschoff). — 4. Bromine (according to Aschoff) forms a white precipitate with 
thiosinamiue ; but, according to Maly (Bull. Soc. Chim. p867], ii. 129), this takes 
place only when the thiosinamine is impure. An alcoholic solution of pure thiosina- 
miue d.ssolves bromine, without elimination of hydrobromic acid, and the solution 
yields, by evaporation, crystals of hydrobromate of bromothiosinamine.— 
6. Iodine added in sufficient quantity to aqueous thiosinamine separates a brown oil ; the 
watery liquid then exhibits acid reaction, and when boiled deposits a white substance 1 
containing iodine and sulphur. — 6 . Dilute phosphoric and stdphuric acids , hented with 
thiosinamine, evolve Bulphocyanic acid. — 7. Nitric acid oxidises it. — 8. Potassium, 
heated with it to the melting-point, decomposes it with explosion. — 9. Baryta-uniter 
decomposes thiosinamine at the boiling heat, forming sulphide and carbonate of 
barium. But little ammonia is evolved, and the filtrate, when evaporated, leaves a 
non-crystalline and scarcely alkaline syrup, which appears to be a base different from 
sinamine. The other fixed alkalis act like baryta. — 10. The protoxides of had and 
mercury abstract from thiosinamine sulphur and hydrogen, a metallic sulphide and 
water being formed, together with sinamine : 

C 4 H*N 2 S + Hg"0 - C<H-N* + Hg'S + H*0. 

Thioiitvamine. Sinamine. 

11. The aqueous solution of thiosinamine forms a white precipitate with mereurie 
salts, grey with mercurous salts, brownish-yellow with trichloride- of gold, white with 
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nitrate of mlret, &e. B gradually decolorises ferric chloride, and forma a flocmdent 
precipitate on bailing. It likewise decolorises a moderately strong solution of cnprie 
sulphate, the liquid men depositing bine flocks on addition of alcohol. WJien warm, 
it dissolves recently precipitated chloride of silver, the liquid becoming milky as it 
cools, and depositing a pitchy substance, containing thiosinamine and chloride of 
silver. 

Combinations . — Thiosinamine does not form crystallisable salts with sulphuric , nitric, 
acetic, or oxalic acid , 

The hydrochlorate, C 4 H*N*S.HC1, is produced by passing dry hydrochloric acid gas 
over dry thiosinamine at a gentle heat. The product gives off vapours of hydrochloric 
acid when exposed to moist air. (W ill) 

The cfUoroplatinate, 2(C*H 8 N 2 S.KCl).PtCl 4 , iB obtained by saturating thiosinamine 
With hydrochloric acid gas, and mixing the cold aqueous solution of the resulting 
hydrochlorate with platinic chloride. It is a yellowish-red precipitate, consisting of 
needle-shaped rhombic crystals ; melts and blackens at a gentle heat, and decomposes 
at higher temperatures, leaving sulphide of platinum. If the liquids are mixed hot, 
or if the platinic chloride contains nitric acid, or if a dark-coloured solution of thio- 
sinamine in aqueous hydrochloric acid is used, precipitates of variable composition are 
formed. (Will.) 

( CS" 

A ehloromercurate, containing 2Hg"Cl 2 .C 4 H 8 N 2 S, or Hg"Cl* + 2HC1 . , 

OH-ffg* 

is obtained, as a curdy white precipitate, by mixing the aqueous solutions of mercuric 
chloride and hydrochlorate of thiosinamine. It is soluble in acetic acid. (Wi 1 1.) 

A compound of thiosinamine with nitrate of silver, NO , Ag.C 4 H®N l S, is produced, 
by mixing the concentrated aqueous solution of thiosinamine and nitrate of silver, as 
a white crystalline precipitate, which, after washing with water, and drying at 
100°, forms a greenish- white mass, slightly alterable on exposure to light. Boiling 
water decomposes it into sulphide of silver, and other products not yet examined. 
Aqueous sulphydric acid converts it into thiosinamine and sulphide of silver. 
(Will.) 


Derivatives of Thiosinamine . 


Bromothloalnamlne, OH T BrN*S. (Maly, J. pr. Chem. c. 321 ; Bull. Soc. Chim. 
[1867], ii. 129.) — The hydrobromate of this base, C*H 7 BrN 2 S.HBr, is formed, as al- 
ready observed, by the direct addition of bromine to thiosinamine in alcoholic solution, 
i at. thiosinamine taking up 2 at. bromine without evolution of hydrobromic acid. It 
separates, on evaporation, as a crystalline mass, soluble in water and in alcohol. It 
melts at 146° — 147°, and at a higher temperature gives off vapours having the irritat- 
ing odour of allyl-compounds, and leaves a very porous cinder. Its aqueous solution 
forms, with nitrate of silver, a copious precipitate of chloride of silver, and with platinic 
chloride , brilliant orange-yellow scales of the chloroplatinafce, 2 ( C *H 7 B rN 2 S.HBr ). 
PICK 

Chloride of silver added to the aqueous solution of the hydrobromate removes half 
the bromine, forming bromide of silver and hydrochlorate of bromothiosina- 
mine, C*H , BrN*S.H01, which is soluble in water and in alcohol, and is deposited 
from the aqueous solution in crystals grouped like wavellite, — from ihe alcoholic solu- 
tion in more bulky crystals, apparently belonging to the monoclinic system. It melts 
at I29 p — 180°. — With platinic chloride f it forms orange-yellow shining scales of the 
chloroplatinate, 2(C*R 7 BrN'*^.HCl).PtCl\ insoluble in boiling alcohol, soluble in 
boiling water, and partly decomposed thereby ; and with auric chloride a dark red- 
purple precipitate of a c nloroaurate, togetner with bromide of gold. 

Hydrate of bro m othiosinamm on iu m, C 4 H b BrN“S H.O. — A solution of hydrobromate 
of broraothiosinamine, treated with oxide of silver, yields bromide of silver and a 
strongly alkaline bitter liquid, which may be evaporated to a syrupy consistence ; and 
when treated with hydrochloric acid, yields hydrochlorate of biomothiosinamine. 

Anjl-thloilaamlae, obtained by the direct combination of allylic sulphocya- 
nate with amylamine, is an uncrystAlhsable syrup, which yields a crystalline chloro- 
platinate. (Hinterberger, Arm. Ch. Pharm. fxxxiii. 348.) 


, C*H ,2 N*S 


(csr 

- N* nioni 


Thiosinethylamine r. (Hinter- 


berger, loe.dt . — Weltsien, Ann. Ch. Pharm.xciv. 103.) — Formed by the direct com- 
bination of allylic sulphocyanate or sulphocarbimide, N(CS) V (C J H*) I with ethylanune, 
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m 


WOTF)^ (Hint erberger), orua 
thWnamine (W el is ten. ) 


hydriodate, by the action of etliylie iodide on 

Oil of mustard absorbs gaseous ethylamine with considerable rise of temperature. 
Liquid etbylamine hisses when dropt into mustard ; and on adding the oil to liquid 
ethylamine, it is thrown out by the violence of the action. When ethylamine was 
passed in excess into mustard-oil cooled with ice, a thin syrupy liquid was formed, 
having the odour of ethylamine, and a bitter aromatic taste. This liquid, after stand- 
ing for some time, became red-brown, but did not yield crystals, or form crystallisable 
salts with acids ; when heated, it gave off white fumes, which 'condensed to oily alka- 
line drops, exhibiting a blood-red colour with ferric chloride. (Hinterberger.) 

The hydriodat? t C*H |Z N*S.HI, is obtained by heating thiosinamine with ethylic iodide 
in alcoholic solution, and evaporating, as a white, feathery, crystalline mass, resembling 
sal-ammoniac. It dissolves in water, alcohol, and ether, and turns yellow in the air 
from separation of iodine (Weltzien). — The kydrocMorate is obtained by decom- 
posing the hydriodate with oxide of silver, precipitating the excess of the silver from 
the filtrate with hydrochloric acid, and evaporating the filtered solution. The residue 
is a syrupy uncrystallisable mass, soluble in water and in alcohol. (Welts ten.) 

Ptatinum-satt, 2(C # H , *N*S.HCl).PtCl‘. — On saturating the syrupy liquid obtained 
by the action of mustard-oil on ethylamine with dry hydrochloric acid gas, dissolving 
the resulting viscid mass in absolute alcohol, and adding an alcoholic solution of 
platinic chloride, yellow needle-shaped crystals of the platinum-salt quickly separated ; 
the mother-liquor, when left to itself for some time, yielded crystals of more definite 
shape (Hi nterberger). Weltzien’s hydroehlorate mixed with chloride of platinum, 
yielded a yellow, easily soluble, indistinctly crystalline mass. 

Mtotlijrl-tliloainEunlne, obtained like the ethyl-compound, is a brown nnciys- 
tallisable syrup, which yields & crystalline chloroplatinate. (Hinterberger.) 

ITapbtlijrl-thlosinamlne, C* 4 H 1 4 N 2 S =» N*( C8".C*H 4 .C t, HMI*). Tkumn-naphthyl - 
amine . (Zinin, J. pr. Chera. lvii. 173.) — This compound is produced by adding SOpts. 
of mustard-oil to a solution of 43 pts. of naphthyiamine in eight times that weight of 90 
per cent, alcohol, and separates after awhile in crystals, grouped in email, white, radiated 
hemispheres, the mother-liquor yielding an additional quantity when evaporated. It 
is white, insoluble in water, sparingly soluble in ether and in cold alcohol, more easily 
in boiling alcohol. It melts at 130°, forming a clear liquid, which solidifies again in 
the crystalline form. By careful heating, a portion of Jt may be distilled without 
alteration. • 

Naphthyl-thiosinamine is decomposed by hydrate of lead , yielding sulphide of lead, 
together with a substance which crystallises from boiling alcohol in silky grains! and an 
unctuous substance, still more soluble in alcohol. 

With acids , naphthyl-thiosinamine behaves like the phenyl-compound. 

Fhenyl-tlilosln amino, or Thloalnanlltoe, m N*(C£r.C f H a .C f IP.H t )« 

(Zinin, toe . Obtained by pouring oil of mustard into an equivalent quantity of 

aniline dissolved in about four times its weight of alcohol of 90 per cent. The mix- 
ture becomes hot, and, on cooling, deposits the compound in foliated crystals. If a 
weaker solution of aniline be used, the crystals sometimes attain the length of four 
millimetres, and exhibit the form of tables with four or six faces. 

Thiosinaniline is colourless, transparent, destitute of tAste and smell, insoluble in 
water, very soluble in alcohol and ether. It melts at 96°, forming a colourless liquid, 
which solidifies in a radiated mass on cooling. When distilled it yields an oil, which 
has the odour of leeks, and does not solidify. It is desulphurised by hydrate of lead, 
yielding a Bubstance which is very soluble in alcohol, and crystallises in silky needles j 
also as an uncrystallisable resinous body. 

ThiosinaniLine does not show much tendency to combine with acids. It dissolves in 
hot concentrated hydrochloric acid, but is precipitated by water in its original state. 
It likewise crystallises unaltered from an alcoholic solution of sulphuric or hydro- 
chloric acid. Heated with nitric acid, it is decomposed, forming a resinons substance* 

nEXOSZWAJnuxrs. 8yn. with PHmfTL-TmosxWAiRiat (see above). 

TXIOSZV-VAPXTHTlAKZn Syn. with NAPETKTL-TmoSIXAKnr* (sen 
above). 

TKXOTO&VXC AOXO, C 7 H»NSO*, more properly, BXffXTXJWlflAlKO or 

C’H T .H) w 

mnfivxnuno aczi), (SO*)* (Hilkenkamp, Ann.Gh.Phamu 

xcv. 86.) — An arid related to toluene (benzylic hydride, C'H*, i. 673)* in the tame manner 
as naphthylsulpharaic arid, C'*H”NSO* (the so-called thionaphtbamic arid, p. 7 78), is 
related to naphthalene, C i# H*. To prepare it, 60 grins, of mtrotoluene are boiled, for 
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eight or tea hoars, with 400 flim of a coaeanteafed wjutwof aamoaimB ^i ^ ■ 
mall Quantity of ammomum- wtonate.and a litre ofabsolate alcohol,^ amni ^* 
distillate being continually poured back, till the liquid assumes an sad reaction ; and 
the cooled eolation, filtered from the crystals which separate, is concentrated, with ad- 
dition of ammonium-carbonate. The red solution, on cooling, deposits henzyisuiphata&te 
of ammonium, in radiate groups of slender needles, which may be rendered colourless 
by repeated levigation with ether. This salt is easily soluble in water and in alcohol, 
insoluble in ether. It is permanent in dry air, but turns red in contact with moist 
air. When heated it first melts, and then chars. Its aqueous solution is not percep- 
tibly altered by acids, even at the boiling heat, and for the most part does not yield 
precipitates with metallic salts. Chlorine separates from it yellow oily drops, having 
the odour of tetrachloroquinone. 

^ The barium-salt , prepared by adding the ammonium-salt to baryta-water, boiling 
till all the ammonia is expelled, precipitating the excess of barium by carbonic acid, 
and evaporating the filtrate, forms white crystalline crusts. — The potassium-salt , 
OTPKNSO®, obtained by boiling the ammonium-salt with carbonate of potassium, 
evaporating to dryness, and exhausting the residue with boiling absolute alcohol, 
separates from the alcoholic solution, on cooling, in small nodular groups of crystals, 
less soluble in water and in alcohol than the ammonium-salt. — The sodium- salt, pre- 
pared in like manner, forms small, white, nodular crystals, easily soluble in water, 
sparingly soluble in absolute alcohol. 

The acid has not been obtained in the pure state. Neither does the mother-liquor 
of the crude ammonium-salt, when treated with hydrochloric acid, yield a compound 
analogous to naphthionic acid. 

. TBXOTOX.tTOX.ZC AC IB, C T H°NS*0', more properly, Benzyldisulphamic 

or Tolyldisulphamic acid, (SO 2 ) 2 ^^ has been already described (p. 480). 

THXOVABBBXO ACID. The produot of the action of phosphoric pentachloride 
on valerianic acid. 


THJOBSA LAVA. A lava from Hekla, consisting of a mixture of the true 
lava-mass with thjorsanito (anorthito) and chrysolite, both of which minerals occur 
crystallised in distinct cavities of the lava. Tho grcyish-black lava contains silica, 
alumina, ferrous oxide, lime, and magnesia, as principal constituents, together with 
smal l quantities of soda andOTtash, and traces of manganese-, nickel-, and cobalt-oxides. 
(Oenth.) 

TBJ OB 8 AN ITB. A variety of anorthite occurring in the Thjorsa lava on Hekla, 
in crystallo-laminar, brittlo, transparent masses, of white to grey colour, and vitreous 
lustre, nacreous on the cleavage-surfaces. Specific gravity = 2*688 at 17°. Hardness 
6. Insoluble in hydrochloric acid. Melts before the blowpipe in thin splinters. 
Contains, according to He nth’s analyses, 48*75 per cent, silica, 30*59 alumina, 1*50 
ferric oxide, 17 ’22 lime, 0*97 magnesia, 1*13 soda, and 0*62 potash. 

■ TKOMAXTB. A name applied by Mayer (Borgwerksfreund, viii. 6) to & 
quadratic variety of ferrous carbonate from the Siebengobirge. 

TBOMBOVXTA Mesolite (in part). Mesotype (in part). Needle Zeolite (in 
part). Comptonite . ChaliliU . Tripoelase . Ozarhite. — A hydrated silicate of altuhinium, 
calcium, and sodium, occurring in trimetric crystals, exhibiting the combination ooP 
. Qopo© . oP . 2]rc© . »Poo . Axes a : b : <? = 1 : 1*0117 : 0*7225. Angle ooP : ooP 
<“ 90° 40* ; oP : Pco «= 144° 9'. Cleavage easy parallel to ooPoo and oopoo. The 
mineral likewise occuts columnar, with radiated structure, and amorphous. Hardness 
— 5 to 6*5. Specific gravity » 2*35 to 2*4. Lustre vitreous, inclining to pearly. 
Colour snow-white ; brown in impure varieties. Streak uncoloured. Transparent to 
translucent. Fracture uneven. Brittle. Before the blowpipe it intnmesces, becoming 
white and opaque, the edges only being rounded at a white heat. When pulverised, it 
gelatinises with nitric or hydrochloric acid. 

Analyses:— a. Lochwinnock, Renfrewshire (Thomson’s Outlines, i. 315). — 
b. Dumbarton (Berzelius, Berz. Jahresb. ii. 96). — c. Seeberg, near Kaaden, Bohemia : 
Comptonite (Zippe, Verh. d. Gee. d. Vat. Mus. in Bohmen, 1836, p. 3). — d. Elbogen, 
Bohemia: Comptonite (Melly, J. pr. Chem. xiv. 611).— e. The Cvclopean Isles, near 
‘Catania; accompanied by analcime and mesolite (Sart. v. Waite rshausen, Vulk. 
Goat. pp. 272, 286). — -f. Between the Bulandstind and the Berufjord, Iceland: pale- 
yellow, intergrowm with scolecite; specific gravity «** 2*362 (v. Waltershausen).— 
a. Magnet Cove, Arkansas: in elseohte; specific gravity = 2*24 (Smith and Brush, 
Sill. Am. J, J2], *vi. 41). — A. Dalsmypen, Faroe Islands (Retzius, Berz. Jahresb. 
iv. 164). — i Hauenstein, in Bohemia: formerly called mesolite i Specific gravity ^ 2*367 
(Ram me lsberg, Fogg. Ann. xlvi. 286) : 
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ffiHc* . 

Lime • • 

Soda. • 

Water • • 

Magnesia . 
Ferric oxide. 
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100*17 

100*24 

99*16 
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102*31 
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These analyses lead to the formula : 

(Ca';Na*)O.SiO»> 6TPO „„ „ rCa";Na*V “I *w«n. 

Al*0«.Si0'b HO ' or 2 [ jfc |Si’0 8 J.fiH s 0; 

whence thomsonite may be regarded as consisting of 2 at. of a sodiferous anorthite 
with 6 ah water. The mineral from Lochwinnoeh appears, from Thomson’s analysis, to 
be a nearly pure hydrated calcio-aluminic silicate ( 1 . 308). 

Thomsonite occurs also near Kilpatrick, in Scotland. The variety called Comptonite 
is met with in the lavas of Vesuvius, as well as in the localities above mentioned. 
Thomson’s Scou/erite from Port rush, in Ireland, is near thomsonite in composition, but 
contains less alumina and water, and 3| per cent. soda. The varieties called carpho- 
Mtilbitc , chalilUe, ozarkite , and picrothomsonito are described in their alphabetical 
places. 


TBOSZVA. See Thobintjm, Oxnm of (p. 787). 


TBORXinnEK, or THORZVM. Atomic Weight, 11572; Symbol, Th. — A very 
rare element belonging to the group of earth-motals. It was discovered in 1828 by 
Berzelius in thorite from Esmurk, on the Norwegian island Lovon, and has since been 
found byWohler in pyrochlore, by Karsteu in monazite, by Borgomann and others 
in the variety of thorite called orangite, by Mos under and Chydenius (Bull. Soc. 
Chim. 1866, ii. 433) in euxenite from Arendal, and by Bahr(Pogg. Ann. cxix. 572) in 
gadolinite, orthito, and a mineral resembling the latter. Bahr at first regarded the 
earth obtained from theBe three minerals as the oxide of a new metal, wdsium ; but he 
has sinco recognised its identity with tliorina. (Ann. Ch. Pharm. cxxxii. 227.) 

Metallic thorinum is obtained by heating the anhydrous chloride with potassium or 
sodium. . The decomposition takes place with slight dotoifntion, but with scarcely visi- 
ble ignition, and may therefore be performed in a glass vessel. The reduced thorinum, 
when freed from soluble salts, is a grey metallic powder, which may be easily pressed 
together, and when triturated with polished agate, acquires an iron-grey metallic lustre. 
Its specific gravity, according to Chyden i us, is 7*657 to 7*795. When heated, it burns 
with great splendour, producing snow-white thorina, which exhibits not the slightest 
trace of fusion or aggregation. Thorinum is not oxidised by water, either hot or cold. 
According to Berzeli us, it is but slowly attacked by nitric, sulphuric, or hydrofluoric 
acid, but dissolves easily in hydrochloric acid, especially when gently heated. Accord- 
ing to Chydenius, it disolves easily in nitric, slowly in hydrochloric acid, and in 
sulphuric acid only when heated. It is not attacked by solutions of caustic alkalis. 
(Berzelius.) 


TNMMXirroi, SEOKIDV Or. Obtained by dissolving thorina in bydro- 
bromic acid ; dries up to a gummy mass on evaporation ; forms a double salt with 
bromide of potassium. (Berzelius.) 

TBOAnnrM, CHLORI9B OF. ThCl*. — Prepared by boating an inti- 
mate mixture of thorina and charcoal in a stream of dry chlorine-gas. The decom- 
position takes place slowly, and the chloride of thorinum, which is not very volatile, 
is deposited on the cooler part of the tube, as a white crystalline sublimate; 
by renewed sublimation, it may bo obtained in white shining crystals (Berzelius), 
which, according to Chydenius, are rectangular four-sided tables, having their edges 
bevelled by planes inclined to the basal faces at angles of 129°. 7' and 143° 8*. They 
deliquesce in the air, and dissolve in water with rise of temperature (Berzelius). 
The chloride does not volatilise at 440°. (Chydenius, Pcxgg. Ann. cxix. 43.) 

Hydrate of thorinum dissolves easily in hydrochloric acid, and the solution, when 
concentrated to a certain strength — especially if it contains excess of hydrochloric acid 
— solidifies to a radio-crystalline mass of the hydrated chloride. The solution, evapo- 
rated to dryness, leaves a deliquescent saline mass, which £ives off hydrochloric acid 
at a higher temperature. Chloride of thorinum is soluble in alcohol. 

Ammonio-thorinic chloride, 4NIPCl.ThCI 2 .4H*0, is obtained by heating a dty mix- 
ture of chloride of thorinum and sal-ammoniac in hydrochloric acid gas, dissolving tlw* 
product in water, and evaporating (Chydenius). — Potaesio-thorinic chloride is very 

Vol. V. 3 E 
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soluble, almost deliquescent, but may be dehydrated by ignition in hydrochloric acid 
gas. It is likewise soluble in alcohol. When heated with potassium, itr yields metallic 
thorinum. (Berzelius.) .. . 

Oxychloride. — In the preparation of the chloride, as above described/ this Compound 
passes over with the excess of chloride as a white cloud, which condenses to a white 
amorphous powder. It is decomposed by water, which dissolves chloride of thorinum, 
leaving the oxide. 

THOKXanrXH[ 9 DStBCTZOV Am> BSTXKATZOV or. Before the blow- 
pipe, thorinum is distinguished rather by negative than by positive characters, its 
oxide being unalterable, infusible, and dissolving with great difficulty in borax ; the 
strongly saturated bead becomes milk-white on cooling ; it does not form a coloured 
glass, either with borax or with microcosmic salt. 

Thorinum is precipitated from its neutral solutions by sulphide of ammonium, 
by ammonia, and hy potash, as a white hydrate, insoluble in potash. — The fixed alkaline 
carbonates, and carbonate of ammonium, precipitate carbonate of thorinum, soluble in 
excess of the precipitant ; ammonia forms no precipitate in this solution, as it does in 
the corresponding solution of zirconia. — A solution of thorinum-chloride is precipi- 
tated by jerrocyanide of potassium, which does not form any precipitate with chloride 
of zirconium.-- Sulphate of potassium produces, with thorinum -salts, a crystalline precipi- 
tate of potossio-thorinic sulphate, soluble in boiling water, but insoluble in excess of 
the potassium-sulphate, — a character which Berves to distinguish thorinum from 
yttrium. From cerium and the allied metals, thorinum is distinguished by the 
reaction of its solutions with hyposulphite of sodium , which precipitates thorina, but 
not the oxides of the cerium-metals; from cerium and didymium also by not giving 
any coloured reactions before the blowpipe. — From titanium, tantalum, and nio- 
bium> it is also distinguished by its behaviour before the blowpipe, and in solution 
by its reaction with oxalic acid, which forms a white precipitate of thorinum-oxalate. 

Thorinum is estimated as oxide. It is precipitated by ammonia as a hydrate^ 
which on ignition yields the pure oxide. 

The methods of separating thorinum from other metals are indicated in the preceding 
paragraph. Precipitation with sulphate of potassium in excess serves to soparato it from 
all the metals contained in the sulphide of ammonium precipitate, except zirconium and 
the cerium-metals. — From zi r con i a it may be separated by treating the mixed solution 
with oxalic acid, which precipitates both the metals as oxalates ; but on adding a slight 
excess of oxalic acid, the oxalate of zirconium dissolves completely, leaving the oxalate of 
thorinum behind (H. Rose, Traitk de Chimie Analytique, ii. 101). — From the cerium- 
metals thorinum may be separated, as already observed, by means of sodic hyposul- 
phite, which precipitates the thorinum as hyposulphite (Chydenius). The precipita- 
tion, however, is not complete, and, according to Hermann (J. pr. Chem. xciii. 106), 
every 1,000 pts. of water retain in solution 0*86 pt. of thorina, or in presence of salts 
rather less. To effect the separation, Hermann converts all the bases into neutral 
sulphates, dissolves 10 pts. of these mixed sulphates in 1,000 pts. of water, and heats 
the solution to the boiling-point with 4 pts. of Bodic hyposulphite. A precipitate of 
thoriuic hyposulphite is then formed, while the whole of the cerium-metals remain in 
solution. The precipitate, when ignited, leaves pure thorina, which must be weighed, 
and its weight corrected for theamount remaining in solution, amounting to, as above 
stated, 0*85 pt. The cerium must be previously brought to the state of cerous salt, 
if not already in that state. 

From titanium, tantalum, and niobium, thorinum is most easily separated by 
precipitation with oxalate of ammonium . 

Atomic Weight of Thorinum , — The atomic weight of this metal has been deter- 
mined by the analysis of the sulphate, Th"S0 4 or ThO.SO*. B erzeli u s, in two expert 
monte, obtained the numbers 119*32 and 117*75, and from the mean of fifteen analyses 
of potassio-thorinic sulphate, Th"K*(SO < ) , J not agreeing very closely, the number 
1 1 8*2. Chydenius, partly from his own (not very accordant) experiments, and partly 
from those of Berzelius, calculates the number 118*32. Delafontaine (N. Arch, 
ph. nat. xviii. 343 ; Jahresb. 1863, p. 198) found, as a mean of a considerable number 
of closely-agreeing analyses, that the sulphate crystallised from hot solutions, 
fiThSO^fllPO, contains 52*51 per cent. ThO, 31*92 SO*, and 15*80 H*0; and that the 
salt crystallised at ordinary temperatures, 2ThS0<.9H*0, contains 45*06 per cent. ThO, 
and 28*68 H*0 : hence the atomic weight of thorinum is found to be 115*72, the num- 
ber now adopted. 

TBOBU UM« nvoma or. ThF*. — Berzelius, by treating hydrate of thori- 
num with hydrofluoric acid, and evaporating off the excess of acid, obtained the fluoride 
as an enamel- white, heavy, insoluble powder, not decomposed by ignition, and only im- 
perfectly when heated with potassium. — The hydrated fluoride, ThF*.2H*0, is obtained, 
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by double decomposition, as a white gelatinous precipitate, Vhich Is insoluble in water 
and in hydrofluoric acid* gives off only part of its water at 200°, and is converted by 
ignition mto thorina. (ChydeniuB.) 

Potassio- thorinic Fluorides . — a. The compound KF.ThF*.2H t O, is produced by 
boiling recently precipitated hydrate of thorinum with hydropotassic fluoride ana 
free hydrofluoric acid, and separates as a fine heavy powder. — 0. The compound 
2KF.4TKF S .H*0 is precipitated by hydropotassic fluoride, from a solution of thorina 
in hydrochloric acid. (Chyd e n i us.) 

TBOBUrVX, zooms OS. Crystallises with difficulty ; turns brown on ex- 
posure to light. (Chydenius.) 

TXOSUnrvrXt OZXDB OF, or TBOBIBA, ThO. — This, the only known 
oxide of thorinum, is prepared from thorite or orungito, or from euxenito.— 
a. Thorite or orangite, in fine powder, is decomposed with hydrochloric acid; the 
silica is separated in the usual way, by evaporating to dryness, ana digesting tho residue 
With acidulated water; the filtered solution is treated with sutphydric acid to sepa- 
rate lead and tin; and the thorina is precipitated by ammonia, together with small 
quantities of the oxides of iron, manganose, and uranium. Tho precipitate is redis- 
solved in hydrochloric acid ; the nearly neutral solution is mixed with a hot saturated 
solution of neutral potassic sulphate, whereby the thorinum is precipitated aspot&ssio- 
thorinic sulphate ; and from the solution of this salt in hot water, the thorinum is pre- 
cipitated by ammonia as a hydrate, which on ignition yields anhydrous thorina. Or the' 
thorinum may bo precipitated from the nearly neutral hydrochloric solution by oxalic 
ucid, and the oxalate converted into thorina by calcination. 

0. Eux en it e, from Arendal,* which contains about 6 por cent, thorina, is cal- 
cined and finely pulverised, thon heated with excess of strong sulphuric ucid the 
resulting pasty mass is digested with cold water, in which it is almost wholly soluble ; 
and the solution is boiled, whereupon it deposits titanic and niobic acids; but to 
ensure complete separation of these acids, the ebullition must be continued for several 
days. The cooled and filtered liquid is then treated with ammonia to precipitate tho 
bases, the precipitate is dissolved in hydrochloric acid, and the liquid is mixed with a 
hot saturated solution of potassic sulphate in excess, which precipitates the thorinum, 
leaving tho yttrium, &c. in solution. Tho thorino-potassic sulphate may then be 
dissolved in hot water, and the thorina precipitated by ammonia. (Chydenius.) 

Properties . — Anhydrous thorina is white, anti has the high specific gravity 0*402 
(Berzelius). According to Chydenius, the oxide obtained by ignition of the 
hydrate is greyish- yellow. By fusion with borax, in a porcelain furnace, it is obtained 
in quadratic crystals, probably isomorphous with tinstone and rutile, and having a 
density of 9*077 to 9*20 (Nor den skj old and Chydenius, Pogg. Ann. cx. 642; 
Jahrosb. 1860, p. 134). The ignited oxide is insoluble in hydrochloric and nitric 
acids, and dissolves in strong sulphuric acid only after prolonged heating to the boil- 
ing-point of the arid. It is not rendered soluble in nitric or hydrochloric acid by 
ignition with alkalis or alkaline carbonates. 

Hydrate of thorinum is precipitated from solutions of thorinum-salts by caustic 
alkalis, as a gelatinous mass, which soon sinks to the bottom of the liquid. When left 
to dry in the air, it absorbs carbonic acid, and cakes into hard vitreous lumps ; under the 
air-pump it dries up to a white powder (Berzelius). It dissolves readily in all acids, 
excepting oxalic, moly bdic, and hydrofluoric acids. (Chydenius.) 

TBO&XZme, OBTC8&OBZBB OF. See p. 786. 

THO RiB VM , OXTOSir-BALTI OF. These salts are colourless, and have a 
strongly astringent taste ; those which contain volatile acids give up their acid on 
ignition. The behaviour of the solutions with reagents has been already described 1 
(p. 786). 

Acetate of Thorinum, Th"(C*H*O l )F (at 100°), forms groups of fine needle-shaped 
crystals, insoluble in water, and only slightly soluble in dilute acetic acid. — The car- 
bonate^ TlTCO\ 3Th"H*0*. H*0 , is obtained by treating the hydrate suspended in • 
water with carbonic acid, or by precipitating a solution of the chloride with an alka- 
line carbonate, as an amorphous precipitate, which aggregates together in drying. — 
The chromate , Th'CrO^EPO, crystallises indistinctly on evaporating a solution of 
thorina in chromic acid. A solution of thoriaum-chloride gives, with acid potassic 
chromate, on addition of ammonia, a yellow precipitate of a basic salt. — The citrate 
and tartrate are gelatinous precipitates, obtained by adding citric or tartaric acid to* a 
neutral thorinum-salt. — The formate, Th''(CHO , ) 1 .2H T 0, forms tabular efflorescent 


* Thl* mineral contain* (wording toChydenlu*) 54*28 per cent, nlobfe and titanic ***** 

yttHa and <-rhln f $•» thorina, with tmall quantities of ferrooe and uranoo# oxide*, and 2*60 matter 

volatiiifttil i y ignition (*■ 97*74). 
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ciYBtals, which give $77 per cent. water in drying.—Tbe molpbdateiB a white 
Hocculent precipitate* soluble z» hydrochloric acid (Chf denias ). — The nitrate, 
oxalate* phosphate, and sulphate are described under their respective acids* 

TSOBIWM, ORTSUX.FBXDE OF. See below. 

TSOBlinJM, PHOBPBZDB OF* When thorinum is heated in phosphorus- 
vapour, the two unite with incandescence, forming a gTey metallically lustrous mass, 
which is not attacked by water, and burns to phosphate^when heated. (Berze- 
lius.) 

THOKIHUM, SUX.PBXDE OF. ThS. — Thorinum, heated with sulphur, bums 
in the vapour with the same splendour as in the air, forming a yellow pulverulent sul- 

S liide, which acquires metallic lustre by pressure, and is but slightly attacked by acids ; 

Itromuriatic acid, however, oxidises it to Bulphate (Berzelius). Chydenius, by ignit- 
ing thorina in a mixture of hydrogen-gas and vapour of carbonic disulphide, obtained 
sulphide of thorinum as a black mass of specific gravity 8 29, becoming grey and metal- 
lically lustrous by trituration. It iB converted by roasting into thorina, is not attacked 
by hydrochloric, and only slowly by nitric acid, but dissolves completely in nitromu- 
riatic acid. By fusion with potassium-hydrate it is converted into thorina, and by heat- 
ing in chlorine-gas into chloride of thorinum ; it is not altered by ignition in hydrogen. 

When thorina is heated only to low redness in the mixture of hydrogen and 
carbonic disulphide, an oxy sulphide is formod, probably ThS. 2 ThO, (Chyde- 
nius.) 

TBORXTfi. Orangite. — A hydrated silicate of thorinum, occurring on the island 
of Lovon, not far from Brevig in Norway. It is massive and compact, of black colour, 
with vitreous lustre, opaque to translucent on the edges ; streak greyish-red. Brittle. 
Hardness * 4-5 to 5. Specific gravity — 4'63. Before the blowpipe it becomes 
brown-red, does not melt when heated by itself, but forms, with borax, a glass coloured 
by iron, and on addition of soda, exhibits the manganese reaction. In its natural 
state, it dissolves in hydrochloric acid, with evolution of chlorine and separation of 
gelatinous silica, but after ignition it is scarcely attacked by hydrochloric acid. 

The variety called orangite , found in the zircon-syenite near Brevig, is yellowish or 
yellow to brown, yields an orange-yellow powder, is translucent or transparent in thii 
splinters, has a specific gravity =• 5*2 to 5*4, and hardness «= 4-5. 

Analyses: a . Thorite (Berzelius, Pogg. Ann. xvi. 385). — b. Thorite, black, almost 
glassy: specific gravity = 4‘68G (Bergemann, ibid . lxxiii. 661; lxxxv, 568). — 
c, d t e. Orangite: c by Bergemann, d by Dam our {ibid, lxxxv. 555), e by Berlin 
{ibid, lxxxv. 566): 

8102. TliO. U203. Fr203. Mn2D3. CuO. MffO K20. KtfO. PbO. Sn02. A 1203. H20. 
a. 19 31 ft8 91 1-64 3-46 2'43 2'92 0>30 O' 1ft 0- 11 0 82 0*01 0*06 9’66 a 99'54 


b. 19'2l 57 00 9 17 = 

C. 17*69 71-26 .. 0 31 0 21 4'M .. 0 30 '. 6 90 = 100*70 

d. 17*52 71*05 M3 0 31 0*29 1*59 . . 0*14 0 33 0*88 . . 0*17 C*14 = 100 14 

t. 17-78 73-29 0-96* .. 0 92 7*12 = 100 07 


The analysis of thorite by Berzelius leads to tho formula Th 2 Si0*.2H 2 0 ; those of 
orangite to the formula 3Th 2 Si0‘‘.4H 2 0 ; but the difference of composition is most 
probably only apparent, and due to impurity in the thorite ; indeed, orangite frequently 
occurs so intimatoly inter^rown with thorite as to show that the two minerals are essen- 
tially identical, the orangite being merely the purer variety. 

THORIUM. Syn. with Thgbinum. 

TBRAUXiXTE. A variety of hisingerite from Bodenmais in Bavaria (iii. 102). 

THRXDACXUM. (from 0pf$a£, lettuce). — The inspissated milky juice of the 
common lettuce, Lactuoa sativa (that obtained from L. virosa is called lactucarium 
(iii. 464). It is a grey-brown or yellow bitter substance, having an odour like that 
of opium, and forming with water a solution which has a brown-yellow colour and acid 
reaction. Tannin forms in it a copious precipitate ; ammonia throws down phosphate 
of calcium ; nitrate of barium, nitrate of silver, oxalate of ammonia, and alcohol pro- 
duce turbidity. It is said to produce a sedative action, but the nature of the active 
principle is not exactly known. (Handw. d, Chem. viii. 821). 

TIKOMBOLITB. A cupric phosphate occurring at Betzbanya in Hungary. 

TBSIVO-HOA-LXAO. The Chinese name for a cobaltiferous aluminic silicate 
used in the manufacture of porcelain ; also applied to a cobaltiferous manganese-ore, 
used for producing a blue colour on porcelain. 

THUJA* The branches of Thuja occidentalism the North- American Arbor vita, 
contain an essential oil, wax, resin, several acids (probably including citric acid), a 


* With traces of tunnlc ami vanadlc oxides. 
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bitter principle, ngtr, and two peculiar yellow colouring^aat^te, called thujin and 
thujigenin. * ‘'\<v 

When the green 'branches of Tkvja occidentalis m* boiled with strong alcohol, the 
decoction on cooling deposits a waxy substance in yellow flocks, becoming white when 
purified. This body, whose percentage composition is represented by the formula 
C*H'*0, is a mature of a more soluble and a less soluble substance ; when saponified 
by lime, it yields soverajracids not yet examined. 

When the alcoholic extract of the branches, which likewise contains volatile oil, is 
distilled, there remains a green resinous mass, said to contain kinovous acid, the 
acid likewise occurring in the needles of tho Scotch fir (iv. 650). The watery liquid 
separated from the resin yields, ou addition of neutral lead-acetate, a yellow precipi- 
tate containing thujin, together with pinitannic acid (iv. 651). The liquid 
filtered from this precipitate gives, with basic lead-acetate, a precipitate probably con- 
taining a little citric acid, together with an amorphous tuunin, and thujigenin. The 
filtrate from this lust precipitate contains sugar, and s bitter principle, said to be 
identical with the pinipierm of tho Scotch fir (iv. 651). 

If the branches, after treatment with boiling alcohol, aro exhausted with water con- 
taining a small quantity of alkali, the resulting solution deposits, on addition of an 
acid, a gelatinous substance having tho composition C N H ,2 0 12 . 

The leaves of tiny a are said to possess medicinal properties. Tinclura Thuja has 
been recommended as a remedy for rheumatism, gout, intermittent fever, &c. 

The essential oil of thuja, which passes over on distilling the ends of the branches 
and the leaves with water, is, according to Schweizor (Ann. Ch. Pharm. li. 398), a 
mixture of several oils, and contains 77 per cent, carbon, 10*9 hydrogen, and 11*4 
oxygen. It is colourless when fresh, but soon turns yellow in contact with the air; it 
has the odour of thuja, is lighter than water, and only slightly soluble theroin, but 
dissolves easily in alcohol and in ether. Ou fractional distillation, the greater part 
passes over between 190° and 197°, the boiling-point quickly rising to 206°, and ulti- 
mately a brown residue is left. 

Crude oil of thuja dissolves large quantities of iodine ; and on heating the solution, 
a violent action takes place, hydriodic acid and a very volatile oil being given off. 
The residue, when further heated, gives off a dark viscid oil, then vapour of iodine, and 
leaves a residue of charcoal. 

When tho volatile oil just mentioned is repeatedly distilled over iodine, then over 
quicklime and potassium in succession, it becomes colourless, free from oxygen, like 
turpentine-oil in taste and odour, lighter than water, and boils between 166 J and 176°. 
Thus purified, i t constitutes Schweizor’ s t h u j e n e or t h u j o n e. Tho viscid oil, agitated 
with potash-ley, yields to that liquid, carvucrol (i. 808), separable by sulphuric acid. 
The portion insoluble in potash appears to bo colophene (i. 1080). 

Oil of thqja is not sensibly altered by distillation with phosphoric acid. — By ail of 
vitriol it is immediately resinised. — Commercial nitric acid turns it dark-yellow, with- 
out setting it on fire; with potassium it resinisos without giving off hydrogen, — 
Hydrate of potassium blackens thqja-oil immediately, and rcsinises a portion of it, 
whilst another portion passes over unaltered. Repeat**! distillation of the portion 
which has gone over with hydrate of potassium diminishes its quantity, but does not 
perceptibly alter its external characters; after five distillations, the distillate contains 
78*87 percent. C, 10*98 H, and 10*16 O. From the black residue, water separates a 
resin-soap, soluble in pure water, while curvacrol remains in the alkaline solution. 
(Sch weizer.) 

THU J jurat. Syn. with Thujoxe. 

T H U J1 T 1 C ACZ2>. C^H^O 1 *. (Rochleder and Kawnlier, Wien. Akad. 
Ber. xxix. 14.) — This acid, which contains the elements of 3 at. water less than* 
thujetin (infra), is prepared: 1. By boiling thqjetin with baryta-water, adding sul- 
phuric acid after a while, then alcohol, and filtering the liouid while hot; itthon separates 
in microscopic crystals. — 2. Together with cry stall i sable sugar, by boiling thujin for 
some hours with baryta-water in an atmosphere of hydrogen, till a reddish-yellow 
precipitate is formed. On passing carbonic anhydride through the liquid, filtering, and 
treating the washed precipitate with acetic acid to dissolve the baryta, thujetic acid 
remains undissolved. It forms lemon-yellow microscopic needles, soluble in alcohol, and 
precipitated by water. 

THUjniW. (Rochleder and Kawalier, Wien. Akad. Ber. 

xxix. 12.) — A compound obtained, together with crystallisable sugar, by heating thujin 
with dilute acids ; the liquid, which is green at first, becomes yellow after some time, 
then colourless, and deposits thujetin after evaporation of the alcohol. Thqjetin is 
likewise obtained in the preparation of thujin and thqjigenin, in the manner presently 
to be described. 
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Thujetin isnearly insoluble in water, but dissolves in alcohol and in e*Aer. It fo 
not altered by dilate hydrochloric or sulphuric acid . Its alcoholic eolation assumes a 
splendid blue-green colour on addition of ammonia; green with potash, becoming 
yellow, and finally red-brown on standing, and then yielding red flocks with adds. 
forms red precipitates with the neutral and bade acetates of lead, colours ferric chloride 
like ink, and after a while throws down a dark-coloured precipitate.vgR. colours stannic 
chloride dark-yellow, nitrate of silver blackish-grey, and platinio chief p% gradually yei- 
lowish-brown. 

^JBjMboiling with baryta-water , it is converted into thqjetic acid : C^H 2 *© 19 — 3H 2 0 » 

TBUJXOSKTir. C M BL* l O u . (Rochleder and Kawalier, Wien. Akad. Ber. 
3 PDX. 10). — A compound occurring in very small quantity in Frondes Thuja, the green 
parts of Thuja occidentalis, and produced, together with sugar, when thujin is heated 
with hydrochloric acid (p. 791). 

Preparation, — Comminuted Frondes Thujm are boiled tilth alcohol ; the decoction is 
str&iued and left to cool ; the deposited wax is separated ; the alcohol is distilled from 
the filtrate ; and the residue is mixed with water, a few drops of solution of neutral 
acetate of lead being added to facilitate) the filtration. The filtrate is completely pre- 
cipitated by neutral acetate of lead, and the yellow precipitate (a), containing thujm and 
thtqetin, is used for tho preparation of these substances. The filtered liquid, mixed 
with basic acetate of lead, yields a second precipitate ( b ) containing thujigenin. 

a. Preparation of Thujin, — The precipitate a is washed with water, and dissolved in 
dilute acetic acid ; the liquid is filtered from undissolved matter ; the filtrate precipi- 
tated with basic acetate of lead ; the washed precipitate decomposed under water by 
sulphydric acid ; the liquid heated with the sulphide of lead, and filtered hot ; tho 
sulphide of lead washed with a small quantity of hot water ; and the filtrate, after 
being freed from sulphydric acid by heating it in a stream of carbonic anhydride, is 
evaporated in a vacuum over oil of vitriol. Tho liquid, after standing for some days, 
deposits crystals of thujin, which aro collected, dissolved in boiling water, with addi- 
tion of alcohol, again loft to crystallise, and recrystallised till the solution of the sub- 
stance in weak spirit no longer turns green on addition of ammonia. The sulphide of 
lead still retains a small portion of thujin, which may be obtained by boiling with 
alcohol. 

b. Preparation of Thujigenin, — The precipitate b t formed by basic acetate of lead, 
is washed, suspended in water, and decomposed by sulphydric add: and tho liquid is 
heated with the sulphide of lead, and filtered hot through a warmed filter. The filtrate, 
heated as above in a stream of carbonic anhydride, and evaporated in a vacuum, deposits 
flocks of thujigenin. 

c. If the chief object is to obtain thujigenin, the liquids obtained by decomposing 
with sulphydric acid the two precipitates (a and 6) produced by neutral and basic acetate 
of lead, are evaporated till thujin and thujetm separate out from them: these sub- 
stances are removed, and tho filtrate is mixed with hydrochloric acid, wanned in the 
water-bath till it begins to show turbidity, and then quickly cooled. It then deposits 
thujigenin, which must bo collected, dissolved in alcohol, and precipitated by water. 

By further heating the liquid from which the thujigenin has separated, and then 
eooling it, thujetin is obtained, contaminated with a red substance, from which it 
may be freed by repeated solution in alcohol and precipitation with water. 

Properties and Reactions. — Thujigenin forms microscopic needles very slightly 
soluble in water, but soluble in alcohol, and precipitated almost completely by water. 
When boiled with chloride of acetyl, it turns red, and after prolonged action, is con- 
verted into ace ty 1-th uj igou in, C SB H* a (C*H s 0) ,J 0 14 , a resinous body precipitable by 
water. 

The investigation of thujigenin is still incomplete ; it remains to be determined 
whether this substance can be formed artificially, and how far it differs from thujetin. 

THtTTZV. C*°H M O w . (Rochleder and Kawalier, lac. cit.) — A cry stall i sable 
glucoside, occurring in the green parts of Thuja Occident alis. The mode of preparing 
Ft has just been described. 240 lbs. of Frondes Thujas yield only a few grammes of 
thuiin. 

Thqjin forms shining lemon-yellow crystals, appearing under the microscope as 
four-sided tables. It has an astringent taste, and is soluble in alcohol. 

The alcoholic solution is coloured yellow by ammonia or potash, red-brown with 
access of air, and yields a fine yellow precipitate with neutral or basic acetate of lead. 
It is coloured, dark-green by ferric chloride, does not precipitate cupric sulphate, platinic 
chloride, or nitrate qf silver , but the silver-solution becomes blackish-grey on addition 
Of ammonia. 

Recompositions, — 1. Thiyin heated on platinum-foil burns, und leaves a earbona- 



eeom residue, which bugns awa j slowly, but completely. — 1 When heated in alooholie 
solution with dilute tydrocAJoirw or acid, it turns green, then yellow, and 

ia resolved into thqjetm, which separates out, and sugar. 100 pta. thqfm take up 
7*3 pts. water, and yield 40*48 pte. sugar and 66*76 pts. thqjetin : 


» + 4H*0 


2C«H«0« + C^HWO" 


Thtyigenin app^rs also to be fbrmed when thqjin is heated for a short time with hydro- 
chloric acid (p. 7^0). — 3. Tbujin dissolves in baryta-water, forming a yellow solution, 
which, when heated, deposits an orange-yellow precipitate of thiyetic acid, becoming 
dark reddish-yellow by continued boiling, while sugar remains in solution : 

2C«H* # 0« + H f O - + SOTPK)*. * 


TBVJOn A volatile hydrocarbon, obtained by the action of iodine on oil of 
thuja (p. 789). 

TUVUTI. See Epxdotb (ii. 490). 

THVMZTS* Syn. with Axinite (i. 477). 

THlTftXlfOZTa. Owenite . — A silicate of iron and aluminium, occurring as an 
aggregate of minute scales, which are distinctly cleavable in one direction, have an 
olive-green colour, and nacreous lustre. Hardness — 2*6. Specific gravity — 3*18 
to 3*20. Before the blowpipe it melts, with moderate facility, to a black magnetic 
glass ; gives off water when heated in a tube ; and dissolves in hydrochloric acid, with 
separation of gelatinous silica. 

Analyses. — a. From Reichmannsdorff, near Saalfeld, in Thuringia (Rammols- 
borg, Miner alchcmie, p. 861). — b. The samo (Smith, Sill. Am. J. [2], xviii. 372b — 

c. Schmiederberg, near Saalfeld (Genth and Keyaer, ibid. xvi. 167; xviii. 410). — 

d. Potomac river; Owenite (Smith). — e. The same (Genth and Keyser): 


a. 

sto*. 

22 36 

APO* 

18*39 

Fe*0\ 

14*86 

FcO. 

34 34 

MgO. 

1 26 

Nr*0 
and K’O. 

H 2 0. 

9*81 « 

101*00 

6. 

22*06 

16*40 

17*66 

30*78 

0*89 

0*14 

11*44 - 

99*36 

c. 

23*65 

16*63 

13*79 

34*20 

1*47 

• 

10*67 - 

09*21 

d. 

23*65 

16*46 

14*33 

82*78 

1*60 

0*46 

10*48 « 

99*66 

e. 

23*21 . 

16*69 

13*89 

34*68 

2 62 

0*49 

10*59 - 

100*97 


These analyses load to the formula 2(2FoO.SiO , ).(Al a C f ;Fe t O f ) 1 SiO , .4H , 0. 

THTKB, OX& OY. The herb of garden thyme ( Thymus vulgaris , L.) yields, by 
distillation with water, a volatile oil, winch in the fresh state is colourless or yellowish, 
and mobile ; the oil commonly occurring in commerce, however, is red-brown or 
brownish-red, and becomes thicker and darker by age. It has a pleasant pungent 
odour of thyme, and an aromatic camphoroua taste. Its specific gravity is . between 
0'87 and 0 90. It dissolves sparingly iii water , in about its own bulk of alcohol of 
specific gravity 0*86, and easily in ether . Iodine acts but slightly on oil of thyme ; 
alcoholic potash dissolves it. It turns the plane of polarisation to the left* a column 
100 millimetres long producing a deviation of —8° to —9°. 

Oil of thyme is a mixture of at least two hydrocarbons, namely thymene, C I# H W , 
and cymene, C ,0 H 14 , together with an oxygenated camphor or stearoptene, called 
thymol, C lq H l4 0 (which ia said to constitute about half of the crude oil), and perhaps 
other oxidised products of the hydrocarbons. 

On submitting the crude oil to fractional distillation, the thymene passes over be- 
tween 160° and 16 6°, and the cymene between 170° and 180°. This latter hydrocar- 
bon may also be separated from the thymene by treating the mixture with strong 
sulphuric acid, wasting the undissolved portion with water, and rectifying. The 
hydrocarbon thus obtained has the composition C 19 H 14 , and appears to be identical in 1 
every respect with cymene obtained from Roman cumin-oil. 

On continuing the distillation of the thyme-oil, there passes over, between 186° and 
225°, a mixture of thymene (and cymene) with about 4 pt. of thymol, and between 
226° and 336°, pure thymol, which may be separated from the remaining portions of 
hydrocarbon by solution in potash-ley. (Lallemand, Ann. Ch. Pharm. ci. 119 ; dL 

' A pound of thyme yields, according to different statements, from 20 to 90 grains of 
oil, the quantity, doubtless, varying with the locality in which the plant is gjown. 

Wild thyme {Thymus serpvllum ) yields, by distillation with water, from 0*08 to 
0*09 per cent, of a yellow oil, having an agreeable odour of lemons and thyme, and an 
aromatic bitter taste. Alcohol of specific gravity 0*86 dissolves it in all proportions. 
(Herberger, Report. Pharm. xxxiv. 41; Zeller, Studimuber dtherUche Oile t Lan- 
dau, I860.) 


See under TmthuIl (p. 793). 



TKTOffimrx. C i0 H 19 . (Lallemand, Ann; Gb. Phys. [8 J??x1jx.156.)- _ w 
carbon belonging to the camphene-givup, and constituting the most volatile portion of 
the oil of garden thyme , distilling between 160° and 701). It may be 

purified by agitation with potash-ley, and repeated fractioneS^mBtillation over potaa- 
si um- hydrate ; after this treatment, however, it usually still ret&igp a small quantity 
of cy men e, which may be removed by fractional distillation. A— • 

Thymene is a colourless oil , having' an agreeable odour of thymef boiling at 160°— 
165°, and of specific gravity 0*868 at 20°, It deflects the plane of polarisation to the 
left, but less strongly after repeated rectification over caustic potash (Lallomand). It 
dissolves in oil of vitriol , with rise of temperature, and yu»lda by distillation the Bame 
products as oil of turpentine. — It absorbs hydrochloric acid gas, with slight rise of 
temperature, and forms a compound which remains liquid at —20°, and, after puri- 
fication with chalk and animal charcoal, contains 20 per cent, chlorine. (Lalla- 
mand.) 

From the volatile oil of the seeds of Ptychotis Ajowan , Stenhouse obtained, by frac- 
tional distillation, dehydration with chloride of calcium of the portion which passed 
over below 176°, distillation over caustic potash, treatment with sodium, and 
rectification, a colourless, strongly refracting oil, having a pungent aromatic odour, 
different from that of oil of thyme, of specific gravity 0*854 at 12°, and boiling at 
172°. It formed with hydrochloric acid gas a brown thin liquid. It contains 88*24 
per cent. C and 11*5 H, and is therefore and perhaps identical with Lalle- 

mand’s thymene. According to Haines (Ann. Ch. Pharm. xcviii. 315), it consists of 
cymene, C'®H“ 


TBYMZOZO ACZD. Syn. with Thywotic Acid (p. 795). 

THYMINE. This name was applied by Gorup-Besanez to a crystallisable, 
slightly basic substanco, obtained from the thymus-gland, which, however, he after- 
wards found to be identical with leucine. 

THYMOXl, C l2 H la 0 2 . (Lallemand, Ann. Ch. Phys. xlix. 160; Ann. Ch. 
Pharm. cii. 119.) — A product of the oxidation of thymol. It is obtained by dissolving 
thymol in excess of sulphuric acid, diluting the liquid with five or six times its volumo 
of water, and gradually mixing it in a retort with manganic peroxide or potassic 
dichromate ; great heat is then evolved, and on distilling the liquid, water passes over, 
together with formic acid, and a yellow oil which soon solidifies. This substance, 
which is thymoil, may be purified by recrystiillisation from ether-alcohol. 

Thymoil forms reddish-yellow, four-sidod, shining, crystalline laminae, having an 
aromatic odour, recalling at the same time that of iodine and that of chamomile. It 
is heavier than water , only slightly soluble therein, sparingly soluble also in alcohol , 
easily in ether. It melts at 48°, gives off copious vapours at 100°, sublimes at a 
stronger heat, and boils with partial decomposition at about 235°, leaving in the retort 
a dark-red oily residue, which solidifies on cooling to a violet metallically lustrous 
mass. 

Thymoil is easily altered by light ; when exposed to sunshine for some days in a 
sealed tube, it becomes quite black, and is converted into a mixture of several com- 
pounds, from which alcohol extracts thy moil ol and thy me id, together with other 
substances, and leaves a small quantity of a yellowish powder, consisting of oxy thy- 
mol 1, C l2 H ,H 0 3 . This body is insoluble in water and in alcohol, sparingly soluble in 
ether, melts without decomposition at 100°, is insoluble) in alkalis, and is, on the 
whole, a very indifferent substance. 

Thymoil dissolves in strong sulphuric or nitric acid at, ordinary temperatures, and 
is separated therefrom unaltered by water. If the action of the acids be long con- 
tinued, or assisted by heat, decomposition takes place, but the products have not been 
examined. , 

Chlorine acts slowly on thymoil, and only when assisted by heat, forming chlorinated 
substitution-products. 

Fused thymoil slowly absorbs dry ammonia-gas, forming thymoilamide, 
N.H*.0 w H ,4 0, a dark-red, uncry stalli sable, hard, brittle mass, which softens at 
100°, so that it may bo drawn into threads, and is soluble in alcohol. 

In contact with potash-ley , thymoil quickly absorbs oxygen from the. air, and dis- 
solves to a brown -red liquid, containing the potassium-salt of thymoi'lic acid : 
4C 18 H'*0 8 + 0« - C 48 JEt**0 1 * + H*0 ; 

Thymoil. Thymol He 

add. 

The thymoilate of potassium may bo obtained by saturating the liquid with carbonic 
acid, evaporating to dryness, and exhansting the residue with alcohol ; and on decom- 
posing the solution of this salt with hydrochloric acid, thymoilic acid is obtained, in 
dingy-yellow uncrystallisable flocks, sparingly soluble in water. All the thymoflates. 




except the silver- aftd leed-wltaj^ife eohible in water. The lead-srdt has the compost* 

tion C^H^^VO 1 *, showing that the acid is tribaaic, 

Thymoil, under the^befuenoe of reducing agents (such as nascent hydrogen, sul- 
phurous acid, ferrous sulphate, and stannous chloride), takes up 2 at. hydrogen, and is 
converted into thy ihollol, a compound homologous with colourless hydro- 

quinone (iii. 213)!* 

Strong aqueous sulphurous acid colours thymoil dark- violet at first, but this colour 
disappears again, and after* a few days the thymoil is found to be converted into white 
floceulent thymoilol, whichmay also be obtained, in a similar manner, by treating 
thymoil with stannous chloiftse, &c. By recrystallisation from alcohol, it is obtained 
in small, colourless, four-sided prisms, which are inodorous and tasteless, dissolve 
sparingly in water, easily in alcohol and ether, melt at 146°, and distils without 
decomposition at 290°. 

By the action of oxidising agents , thymoilol is reconverted into thymoil, this trans- 
fbrmation being produced almost instantly by nitric acid, chlorine-water, ferric 
chloride, ailver-nitrate, or pot&ssic dichromate. In the oxidation of thymoilol, however, 
as well as in the action of reducing agents upon thymoil, a transient violet coloration 
is produced, indicating the formation of a body intermediate between thymoil and 
thymoilol. This body, thymeid, C«H M 0« = C ,J H‘-0* (thymoil) + C if H IM 0> 
(thymoilol), is obtained pure by mixing equal weights of thymoil and thymoilol in 
alcoholic or ethereal solution. The liquid then immediately assumes a blood-red 
colour, and yields, on evaporation, violet crystals, which exhibit by reflected light a 
greenish metallic lustre, like that of the wing-cases of many insects. 

From, these relations, thymoil may be regarded as homologous with quinone, 
thymoilol with colourless hydroquinone, and thymeid with green kydroquinone or 
quinhydrone ; thus, — 

C lst H'«0* + C ,8 H’*0* - C ,4 H ,4 0*. 

Thymoil. Thymoilol. Thymeid. 

C*H 4 0* + G*H B O a - C ,, H , *0*. 

Quiuone. Hydroquinone. Quinhydrone. 

THTMOILAKIDB. i 

TBTMOIUO AGED. I See under Thymoil. 

THYMOILOL. ) 

THYMOL. C 1B H 14 0 — C °H *|o* Thymylio Hydrate . Tkymylio Alcohol , 

Tkymylic Acid. Camphor or Stcaroptene of Thyme-oil . — This compound, the oxygenated 
constituent of thyme-oil (p. 791), is isomeric with cymylic alcohol (ii. 298), and 
homologous with phenol. It was first obtained from thyme- oil by Doveri (Ann. 
Ch. Pharm. lxiv. 374), and afterwards examined more particularly by Lallemand 
(Ann. Ch. Phys. [3], xlix. 148 ; Ann. Ch. Pharm. cii. 119) ; it appears to be identical 
with the stearoptene of the volatile oil of horsemint {Monarda punctata , L.), which 
was examined by Arppe (Ann. Ch. Pharm. lviii. 42), and with that of the oil of 
Ptychotis Ajoman, an East Indian umbelliferous plant, examiued by Stcnhouse and 
by Haines (iv. 746). 

Preparation. — Thymol is obtained from thyme-oil, of which it forms about one- 
half, by fractional distillation, passing over chiefly between 225 3 and 236°. The more 
volatile portion, however (chiefly consisting of thymenu and cymene, p. 791), 
likewise contains considerable quantities of thymol, which may be obtained by agitating 
the liquid with soda-ley, separating the undissolved oil, diluting the alkaline solution 
with water, and supersaturating it with hydrochloric acid. Part of the thymol some- 
times crystallises spontaneously from the thyme-oil on cooling. Thymol is purified • 
by crystallisation from alcqhol. 

Thymol is likewise obtained from the volatile oil of horsemint, and from that of 
Ptychotis A j oman lay fractional distillation and recrystallisation. 

Properties. — Thymol crystallises in transparent rhomboidal plates, with angles of 
97° 30', striated parallel to the lateral faces, and often aggregated into irregular six- 
sided tables (Arppe). From the oil of Ptychotis Ajowan, it crystallises (according to 
W. H. Miller) m rhombohedral crystals ; from alcoholic solution in very thin plates, 
which appear monoclinic in consequence of the great development of two parallel 
rhombohedral faces. (For the angular measurements, see Omelin*s Handbook , xiv. 4 10.) 

Thymol ha* a mild odour, which (according to Lallemand) is quite distinct from 
that of thyme-oil, and an aromatic peppery taste. In the solid state, it is somewhat 
heavier th OT water; specific gravity a 1*0285; in the liquid state rather lighter. 

It does notact on polarised light. Its melting-point is variously stated. According 
to Lallemand, it melts at 44° to a colourless liquid, and remains fluid fog a long: 
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THYMOt*. 

time after cooling; but if pure, it solidifies imimrljltly when touched by a solid body. 
According to Arppe, it melts at 48°, and does not solidify till cooled to 27°. Thymol 
from the oil of Ptychotis* Ajoman melts, according to Haines, at 53° ; according to 
Stenhouse, at 44°. Thymol boils at 230° (Doveri; Lallemand), at 231° 
(Haines), at 222° (Stenhouse), and distils without decomposition. Vapour-density, 
obs. ■■ 5-4; calc. « 5*2. 

Thymol dissolves in about 300 pts. of water , easily in alcohol , ether, and strong 
acetic acid , and is not precipitated from the alcoholic solution by water. It is not 
altered by aqueous ammonia, but takes up a largo quantity of gaseous # ammonia , 
becoming liquid, but resolidifying after the ammonia has escaped. It dissolves in 
aqueous potash and soda, forming compounds which are Boluble in water and in alcohol ; 
but are very unstable, being decomposed by acids, even by the carbonic acid of the air, 
with separation of thymol. 

When thymol-vapour is passed over soda-lime^ heated to dull redness, no gas is 
evolved, but a crystallisable thymolate of sodium, C'^H^NaO, is formed, which 
melts whenheated, and when dissolved in water forms precipitates with mercuric chloride 
and silver-nitrate. The m e r c u ry-c o m p o u n d, which is a basic salt, C*°H M H’g"0 2 . 
Hg"0, has a greyish-violet colour, is not decomposed at ordinary temperatures by dilute 
sulphuric or nitric acid, but is decomposed by hydrochloric acid, with separation of 
thymol. Alcoholic thymol docs not precipituto the alcoholic solution of neutral lead- 
acetate; neither does it precipitate silver-nitrate, even after addition of ammonia. 

Decompositions of Thymol. — 1 . Thymol is somewhat alterod by repeated distillation, 
the liquid which passes over containing less carbon than the original substance 
(S ton house). — 2. It is decomposed by phosphoric anhydride , but the products have 
not been obtained in very definite form. — 3. Strong sulphuric acid , at 60° — 60°, 
converts it into thymylsulphuric acid C ,# H ,l SO # ; but when heated with excess of 
Bulphuric acid.to 240°, ityields eulphodraconic acid (p. 621). — 4. It dissolves in 
glacial acetic acid t and subsequent addition of sulphuric acid forms acetothymyl- 
Bulphuric acid, C ,a H'«S0 4 - (C 2 H*0)(C w H M )SO« (Lallemand).— 5. Thymol is 
easily oxidised by ckromio acid , or by a mixture of sulphuric acid and manganic per- 
oxido, yielding a distillate containing formic acid and thymoi’l, C ,s H ,# 0 2 (p. 792), 
and a residue consisting of a brown acid, solid and friable at ordinary temperatures, 
and dissolving with dark-red colour in alcohoL — 6. Nitric acid , whether dilute or 
concentrated, actB violently on thymol, giving off nitrous and carbonic anhydrides, 
and forming a number of products, chiefly resinous bodies, and a large quantity of 
oxalic acid. — 7. Chlorine in diffused daylight acts with great violence on thymol, with 
rise of temperature, and elimination of hydrochloric acid gas, the thymol remaining 
liquid, and assuming a wine-red colour at the beginning of the action. If too great 
heat be avoided, the product consists of trichlorothymol ; then, if the passage of the 
chlorine be continued in bright daylight, a very viscid oil is formod, from which penta- 
chlorothymol gradually crystallises (Lallemand). — 8. Oil of thyme, distilled with 
8 ptfl. chloride of lime and 24 pts, water, yields chloroform (Chaut a rd, Compt. rend, 
xxxiv. 486). — 9. Bromine, in sunshine, converts thymol into pentabromothymol 
(Lallemand). — 10. Thymol is not altered by hydrochloric acid (Stenhouse). 
When hydrochloric acid gas is passed over thymol, it quickly assumes a brown, 
and, after removal of the excess of hydrochloric acid, a purple-brown colour, but does 
not increase in weight by more than 2 to 3 per cent., even when heated ; on distilling 
the product, unaltered thymol is first obtained, then a rod substance (Arppe). — 
11. Thymol gently heated with sodium in a stream of carbonic anhydride , takes up the 
elements of tie fatter, forming thymyl-carbonic acid, C n H M 0* - C ,a H ,4 O.CO* t 
together with thymotic acid, an acid isomeric therewith. (Kolbe and Lautemann, 
p. 796.) 


Derivatives of Thymol , . 

Fentabromothymoli C^IPBriO. — Thymol subjected to the action of bromine, 
ultimately in sunshine, is completely converted into a solid, white, earthy mass of penta- 
bromothymol, which may be recrystallised from ether, melts at a rather high tempe- 
rature, with incipient decomposition and evolution of hydrobromic acid, but apparently 
without simultaneous formation of hydrocarbon . (La llemand.) 

Ohlorothymolk — «. Trichlorothymol , C 10 H n Cl 9 O, is obtained by passing 
chlorine-gas into thymol in diffused daylight (taking care to avoid too much heating), 
till the thymol has absorbed a quantity of chlorine equal to two-thirds of its weight* 
On leaving the product to stand, long yellow needles are formed, which ultimately cause 
it to solidify : they may be purified by expressing the remaining liquid, and reciystal- 
lising from ether-alcohol. 
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Trichlorothymol cryftallises iuBjjten yellow, oblique rhombic prisma, which melt 
at 61°, and have an intoiicafing O®(ir. It decomposes at 180® — -Heated with oil qf 
vitriol to 100°, it is opnverted into a colourless liquid, which floats on the oil of vitriol, 
solidifies on cooling, and, afterfaolutioQ in aqueous potash, precipitation with hydro- 
chloric acid, and drying, forms' silky talc-like Socks. This substance has at first an 
agreeable odour of benzoin, melts at 45°, and distils without decomposition at 250° ; 
it dissolves in ammonia, and forms a salt crystallising in slender needles, —whence it 
is probably trichlorophenol, with which it appears to agree in composition. 

0. Pentaehlorothymol, C ,0 H*C1*0. (Lallemand, loc. cii.) — When thymol is 
exposed for a considerable time to the action of dry chlorine-gas m bright daylight, a 
reddish-yellow glutinous oil is formed, in which, after a while, crystals of pentachloro- 
thymol appear: they may be purified by recrystallisation from ether. 

This compound forms colourless, very hard crystals, having the form of trichloro- 
thymoi (according to another statement of Lallemand, it has the form of thymol), 
meltingat 98°. It decomposes at 200°, giving off hydrochloric acid gas and tritylone- 
gas, C*H fl , while a solid product (trichlorotoluenol, C’H’Cl'O) collects in the neck 
of the retort, and charcoal remains behind : 

2C“>H*CW) - CTPCPO + (?H« + 7HC1 + CO + C*. 

In one experiment, in which very pure pentaehlorothymol was heated, the carbonic 
oxide evolved towards the end of the process was mixed with marsh-gas, and the solid 
distillate, melting at 150°, and crystallising from alcohol in needles, had the composi- 
tion of tetrachlorotoluenol: 

4C i# H®C 1 5 0 - 2C ? H«Cl«0 + 2C*H« + 12HC1 + CIV + 2CO + C". 

Impure pentaehlorothymol yielded also, by distillation, a largo quantity of liquid pro- 
duct, which, after the solid products had been removed by weak potosn-loy, boiled at 
265° (or, according to Lallemand’s first statement, at 305°), and had the composition 
of dichlorocumene, C*H l# Cl a . 

iritrothynioli. — These compounds, which possess acid properties, are probably 
formed by the direct action of nitric acid upon thymol, but they are more easily pre- 
pared from thymylsulphuric acid. (Lallemand, Ann. Ch. Phys. [3], xlix. 152.) 

«. Dinitrothymol, or Dinitrothymic Acid, C ,# H ll (N0 2 )*0. — When nitric acid 
is slowly dropped into thymylsulphuric acid, or into the solution of a thymylsulphate, the 
liquid becomos slightly waito, and deposits dinitrothymol as a reddish oil, which soon 
solidifies in crystals. This compound melts at 66 , is sparingly soluble in water, 
and dissolves in all proportions of alcohol and ether. It is converted, by a mixture of 
nitric and sulphuric acid, into trim trothy mol, and by alcohol and sulphuric acid, into 
ethylic <1 ini trot hymolate.-— With bases it forms salts, which crystallise in silky needles, 
detonate at 150°, and dissolve sparingly in water, to which however they impart a 
strong colour. — The potassium-salt is orange-yellow in the anhydrous, red in the 
hydrated state, very slightly soluble in water. — The lead-salt , C*°H a3 Pb"(NO a ), is very 
sparingly soluble in water ; so likewise is the silver-salt. 

fi. Trinitrothymol, or Trinitrothymio Acid, C ,0 H n (NO , )*O. — To prepare this 
compound, dinitrothymol is dissolved in sulphuric acid, and a small quantity of nitric 
acid is gradually added, without allowing the mixture to get hot. On diluting with 
water, yellowish flocks of trinitrothymol are precipitated, which may be recrystal Used 
from boiling water. It forms beautiful yellow needles, which melt at 100°, and 
decompose suddenly at a higher temperature ; dissolves sparingly in cold water, easily 
in alcohol and in ether. — A mixture of oil of vitriol and alcohol readily converts it into 
solid trinitro thymic ether. 

It unites with bases, forming yellow or orange-yellow salts, which detonate at 160®, 
and dissolve in water more readily than the dinitrothy mates. The aqueous solution of 
trinitro thymate of potassium precipitates the salts of the heavy metals. — Trinitrothy - 
mate of lead contains 28*83 per cent, lead-oxide, and is therefore C*°H* # Pb"(N0 2 ) , 0*. 

THYMOTIC ACID. C n H M 0* ■» C 1f H 14 0.C0 9 . (Kolbe and Lautemann, 
Ann. Ch. Pharm. exv, 206.) — This acid, isomeric with tbymyl-carbonic acid, 
C l# H l *.H.CO*, is prepared by gently beating thymol with sodium in a flask through 
which a rapid current of carbonic anhydride is passed. A viscid yellowish-brown mass 
is thereby formed, containing thymyl-carbonate and thymqtate of sodium ; and by 
decomposing this mass with hydrochloric acid, agitating the liquid with excess of 
ammonium-carbonate, and boiling down the liquid separated from the thymol till it 
exhibits a faint acid reaction, a clear solution of sodic tbymotate is obtained, from which, 
on addition of hydrochloric acid, tbymotac acid separates in colourless flocks, containing 
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a little reein. It it purified by distillation over with the water, 

and partly remaining as a crystalline deposit in Jne Condensing tube. 

Thy mo tic acid thus prepared is a white, loosely coherent, crystalline mass, having 
a silky lustre. It is nearly insoluble in cold, And only slightly soluble in boiling 
water ; from the boiling saturated solution it crystallises, by slow cooling, in long slen- 
der needles ; when boiled with water, it gives off pungent irritating vapours. It melts 
at 120°, expands in solidifying, and may be sublimed without alteration. 

^Thymotie acid, left in contact with a warm solution of ferric chloride , dissolves with 
fine blue colour;* the neutral solution of the ammonium-salt is immediately coloured 
deep blue by ferric chloride. — Thymotie acid heated with caustic baryta is resolvod 
into thymol and carbonic anhydride. (Kolbe and Lautemann.) 

By pentachloride of phosphorus, it is converted into thymotide (Naquet): 

C ,, H I4 0* + PCI 4 = PCFO + 2HC1 + C'H^O 2 . 

Thymotie Thymotide. 

acid. 

The thymotates of the alkali-metals are soluble in water. — The barium-salt is obtained 
in large tables or laminae, by dissolving the acid in baryta-water, and separating the 
excess of baryta with carbonic acid, or by mixing thymotate of ammonium with 
chloride of burium, and evaporating. The lead-, copper-, and silver-salts are fiocculent 
precipitates. 

TB 7 MOTIDZ. C n H H 0*. (Naquet, Bull. Soc. Chim. [1866], ii. 92.) — A body 
produced by the action of pentachloride of phosphorus od thymotie acid (supra), or by 
heating the latter to 200° with phosphoric anhydride. To prepare it, 1 at. sodic thy- 
motate ishbated with 2 at. phosphoric pentachlorido (the action begins, however, in the 
Cold), the heat being ultimately raised to 200°. Hydrochloric acid and phosphoric 
• oxychloride are then given off, and a pasty mass remains, which, when freed from the 
oxychloride by water, dissolves completely in ether. The ethereal solution leaves, on 
evaporation, a gummy residue free from chlorine, which gives up to boiling water an 
acid, forming a white precipitate with ferric suits (probably tliymyl-phosphoric acid) ; 
from the residue, dilute potash extracts thymotie acid, The portion then remaining 
undissolved consists of thymotide and a yellowish resin having nearly the same com- 
position. 

Thymotide crystallises from alcohol in white, mostly microscopic needles, which melt 
at 187°, are not altered by hot potash-ley or by heating to 200° with water, but by 
fusion with potassium-hydrate are converted, without evolution of gas, into thymotie 
acid. 

THYMUS. See Thyme, Oil of (p. 791). 

THYM U8-OLAWD. (Gorup-Bc sanoz, Ann. Ch. Pharm. lxxxix. 115; xcviii. 
1.— Stadel er and Frerichs, Muller’s Archiv. [1864], p. 383 ; Wienormed. Wochen- 
sehr. [1854], No. 30 ; Verhandl. d. naturforsch. Gosellsch. z . Zurich, Bd. iii. u. iv. ; J. pr. 
Chem. lxxii. 48. — Scherer, Ann. Ch. Pharm. evii. 314. — Friedleben, Die Physio- 
logic der Thymusdruse , Frankfurt, 1858.) — This gland, called ‘‘sweetbread” in the 
calf and lamb, is an organ situated in front of the pericardium and the large vessels 
arising from the base of the heart. In the embryo and the infant-, it has, in pro- 
portion to the rest of the body, a very considerable size, but in after-life it becomes 
comparatively smaller, and at last nearly disappears. It has been found to contain, 
besides water and the chemical constituents of its solid tissue, the following organic 
compounds: — soluble albumin, leucine, sarcine, xanthine, volatile fatty acids (in- 
cluding formic and acetic acids), also lactic acid, succinic acid, sugar, and extractive 
matters. The inorganic constituents are potash, soda, magnesia, lime, phosphoric 
acid, sulphuric acid, chlorine, and ammoniacal salts. Gorup-Besanes found in the 
thymus-gland of the calf, a cry stalli sable, slightly basic substance, which he at first 
regarded as a peculiar compound, and designated as thymine, but he afterwards 
found that it was identical with leucine. The juice of the fresh gland mostly has 
a slight acid reaction, rarely alkaline or neutral. 

According to Friedleben, the quantity of fat in the gland increases'considerably 
with the age of. the animal, whereas the amounts of gluten and albumin exhibit but 
small differences at different ages. The proportion of earthy phosphates gradually 
increases, with the growth of the animal, up to a certain point, and afterwards diminishes. 
The amount of potash exceeds that of soaa. Friedleben found the quantity of potash 
at all periods' of life to be nearly constant, varying only from 31’8 to 32*8 per cent., 
whereas the soda in a calf of ten days to three weeks old, amounted to only 16 percent., 
while in young oxen of twelve to eighteen months it was from 23 to 24 per cent. The 
aqueous extract of the thymus-gland of the calf leaves an aBb almost wholly soluble 
in water, and containing potash in large quantity, pyruphoephoric acid, and chloride of 
sodium, together with small quantities of magnesia and sulphuric acid. Gorup-Besanes 
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found the proportion im one ease to be 3*18 : 0*60 ; in another, 

9*06 : S ill. The quantity of phosptk^paeid (anhydride ?) to that of chlorine was, in one 
experiment, ae 23*36:14*34; According to Friedleben, the quantity of lime 
in the thymus exceeds that of magnesia; Gorup-Bosanox, however, found the 
contrary proportion. (Handw, d, Chem. viii. 836.) 

TBTMTL C W H 1 *. — The radicle of thymol and its derivatives. 


TUIMTLf HTBEXBI Of, C 19 H l, .H< — Cymene (ii. 296) may he supposed to 
be thus constituted. *■ 


nmmnnnuo acid. C'^H'^so* - (C'*H“)HSO« - 

Sulphothymic Acid . (Lallemand, Ann. Ch. Phys. [8], xlix. 160,) — Thymol dis- 
solves abundantly in oil of vitriol at 60° — 60°, and solidifies on cooling to a crys- 
talline mass, having only a faint red colour. By dissolving this mass in water, 
and saturating the solution with carbonate of barium or carbonate of lead, sul- 
phothymato of barium or lead is obtained, from which the sulphothymic acid 
may b© separated, and crystallised by evaporating its aqueous solution in a vacuum. 
It ciystallis^s in translucent pearly tables or prisms, which contain C ,u H N S0 4 .IL a O, 
and do not deliquesce on exposure to the air, but are very soluble in wntor. 

Its aqueous solution, treated with nitric acid , formB dmitrothymol ; with sulphuric 
acid ana peroxide of manganese, or dichromate of potassium, it forms thytnoi'l (p. 792). 

With bases it forms the thymyl- sulphates, C^Il^MSO 4 , which crystallise m 
forms of the monoclinie system. They decompose at 120°, with violet-red colouring, 
and volatilisation of thymol. — The ammonium-sait, which separates from Its aqueous 
solution in well-developed crystals, also tho potassium- and sodium-xalts, leave, when 
thus treated, anhydrosulphatcs.* The sulphothymates dissolve very easily in water and 
in absolute alcohol, somewhat less in ether. 


Acctothymyisulphuric Acid } C ,2 H *SO a » ^ ^ SuipHaccto - 

thymic Acid. (Lallemand, toe. rtf.) — When thymol is dissolved in glacial acetic 
acid, and oil of vitriol containing a little anhydrous sulphuric arid is added to tho 
mixture, combination takes place at a gentlo heat ; and the liquid, on cooling, deposits 
a crystalline mass, which must be dried on porous earthenware, and freed from’ excess 
of acetic acid, by leaving it over quicklime in a vacuum. 

The acid is soluble in water. With bases it forms crystal Usable Balts, which become 
anhydrous without decomposition at 110°, but aro decomposed, wilh liberation of 
acetic acid, when their aqueous solutions aro boiled or quickly evaporated. Tho salts 
are soluble in water and in alcohol. 


fiulphacetotkymatc of Barium , C 2< II M Ba"S 2 0 ,0 l is obtained by saturating the ucid 
with carbonate of barium. 


TBTMTLBV&PBiniOVS ACID. C lo H 14 SO*. Syn. with Cymyj.sui.fhurOus 
Acid (ii. 299). 

TXCWA8 POISON*. An arrow-poison, used by the Tecunas (or Ticunas) and 
other Indian tribes dwelling near tho Amazon. When given to animals, it produces 
strong convulsions, lasting for hours. It probably contains picrotoxin, like other 
South-Ameriean arrow-poisons; but it has not been accurately investigated. 

TXU 0X1. The earthy variety of native cuprous oxide (ii. 70). 

TXUUBBODZTB* Selenide of lead and cobalt (iii. 657). 

TSlXAmMXA. A genus of monocotyledonous plants, belonging to the natural 
order Bromdiacea. T. usnedides (called Bar be de vi* i/lard by tho Breach, Barba de 
Pao by tho Portuguese) is a. parasitical plant, growing on trees in Carolina and the 
West Indies, and having long, wiry, contorted stems, which creep along tho trunks and 
branches of old trees, and sometimes hang down in a bunch, liko the hairs of a horse's 
tail. These stems, when stripped of their leaves And bark, are used as packing 
material instead of horsehair. Tiilandsia recurvata, growing in Peru, is also used for 
the same purpose. 

According to Avequin (J. Pham. (31, xxzv. 96), 100 pts. of the dried plant of 
T. usnsindi* [at what temperature?] yield 3*23 per cent, ash, containing, in 100 pts., 
35*4 carbonate, phosphate, sulphate, and chloride of potassium, 18*5 lime and cur bo* 
uate of calcium, 28*6 phosphates of calcium and magnesium, and 17*4 silica, with 
traces of lime and magnesia. 


* Unlm the ulu contain water of crystallisation, it If not easy to understand how thymol can Ini 
formed from their decomposition, Inasmuch as It conulifs 14 at. hydrates, whereas Che anhydrous ml* 
CfeotbymatM contain only IS at. : 2C'’H'’*S0 4 « <3C'»H><0 - HH)) + M‘S0«.80». 



Tillandsia dumthotdea (L.) t an air-plant, which '3^'g&§'fn immediate contact 
with the soil, nevertheless contains from 6 to 8 per cent, ash, consisting chiefly of silica. 
together with lime and magnesia, and traces of alkalis, phosphoric acid, manganese, 
iron, sulphuric acid , chlorine, See, (De Luca, Comph rend, li / 178,) 

THKL&. A medicinal preparation, introduced of late years as a remedy fbrphthisfs, 
It is imported from Tampico, and is said to be prepared as a syrup, by boiling tie 
fruits of Crescmtia edulis with mixing the product with almond-oil 

(Arch. Pharm. [3], evii. 375; Handw.^Chem. viil 840.) 

TZMAZZTS. Breithanpt's name for a rock, occurring in Eastern Servia, formerly 
regarded as belonging to the trachytes. It is porphyritic, and related to dionte, or to 
the so-called greenstones. 

TXJT. Etain . Zinn. Stannum. — Atomic weight, 118; Symbol, Sn. — This metal 
has been known from the earliest times : it is mentioned by Moses (Numbers xxxi. 
22). The Phoenicians, long before the Christian era, fetched the metal Kflunrfrcpo* 
from the British Isles, anciently called the Cassiterides. The word Kacalrepos 
appears, however to have been applied in very ancient times, and the Latin word 
stannum somewhat later, not so much to tin as to certain white metallic alloys; 
at all events, tin and lead were regarded as similar metals, and were often con- 
founded. Even Pliny sometimes does not use the word stannum for tin, but desig- 
nates this metal as Plumbum album, s. candidum , in contradistinction to lead, or 
Plumbum nigrum . It was not till the fourth century of the Christian era that stan- 
num was applied to the metal- now called tin (Kopp’s Geschichte), which was after- 
wards named Jupiter by the alchemists, and represented graphically by the symbol 
of that planet. If., 

Occurrence and Distribution . — Tin occurs much less frequently than many other 
metals, as iron, copper, lead, zinc, &c., as the commercial supplies of it are drawn from 
comparatively few localities, Devonshire and Cornwall yielding by far the hirgost quan- 
tity. The stream-works of the peninsula of Malacca and theDutch island of Banca pro- 
bably rank next in importance. The exports from Bolivia are now very considerable, 
and large quantities have of late years been extracted from the mines of Saxony 
and Bohemia. A valuable addition of the metal has been obtained from Australia, 
shipped almost entirely from the port of Melbourne. The Australian tin contains, at 
times, so large an amount of gold, that the latter can bo profitably extracted. No other 
deposits, of sufficient magnitude to be the object of mining explorations on any con- 
siderable scale, are at present known ; but oxide of tin ( Cassiterite ) has been found 
in small quantities in the Isle of Man, Ireland, Greenland, France, Gallicia, Spain, 
Silesia, in the Fichtel and Riesengebirge in Germany, in Russia, the United States, 
Mexico, and Brazil. No mines are worked m Peru, but the name Peruvian tin has 
originated from the produce of the mines of Oniro and Carabuco, in Bolivia, being ex- 
ported from Arica, a seaport on the Peruvian coast. 

Tin occurs in the metallic state, somewhat more frequently as disulphide, in 
tin-pyrites, but most abundantly as dioxide or stannic oxide, forming the ore called 
tinstone, or cassiterite. 

Native Tin (metallic tin) has been described by Hermann as occurring in the gold- 
sands of Siberia, and by Forbes in the auriferous drift of Tipuani in Bolivin; but as 
both these specimens contain lead, a metal seldom present together with tin-ores, it 
may be doubted whether the tin so found may not have been derived from artificial 
sources." Native tin has also been reported from Oruro, in Bolivia. (Forbes, Phil. 
Mag. (V), xxix. 133.) 

IXn-pyrites (stahnipe, bell-metal ore, Zinnkies) is found in small quantities in the 
tin-veins at Cornwall, Saxony, and Oruro (Bolivia). It has the composition of a cuproso- 

ferrous sulphostannate, j SnS*, the iron being generally more or less replaced by 

sine; it contains from 14 to 30 per cent, of tin. 

Cassiterite (tinstone, stream-tin, wood-tin), the dioxide or bioxide of the metal, 
SoO*, may be regarded as the only ore of tin found in sufficient quantity to be the 
eubjject of mineral exploration ; it is found both in veins and in alluvial drift-deposits, 
Aqgompanied in many cases by tungsten, generally as wolfram, as in Cornwall, 
France, Saxony, Bohemia, Bolivia, &c In the alluvial deposits, native gold is gene- 
* rally, if not invariably, found to accompany cassiterite, as is the case in Cornwall, 
Ireland, Virginia* Bolivia, Australia, &c. Although tin seldom enters into the compo- 
sition of other minerals, it seems to be characteristic, though occurring only in very 
minute quantities, in some of the compounds of niobic or columbic, tantalic, and 
titanic acids: thus it has been observed in columbite, pyrocblore, tyrite, tanlalite, 
y ttrotantali te, fergusonite, aeechymte, polym ignite. &c. Traces of tin have been 
reported to occur in meteorites, and also in a variety of iron-pyrites from Spain. 
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Cassifceriteis foiuid^ Coinwdl, in vein# or email strata, which traverse primitivs 
rocks, mixedwith other metals, such a# copper, sine, arsenic, and tungsten; the veins 
me of varying thickness. It is sometimes also found in numerous ramifications of 
small veins or “ Stockwerke,” which occur in felspar, porphyry, or in a granite which 
frequently has its felspar disintegrated into .£ 000 % or china-clay. These little veins 
seldom exceed six inches in width, and are frequently not noarly so wide; they run 
generally east and west, with a dip almost vertical ; this description of ore is the com- 
mon “ tinstone.” 

. The lodes in Cornwall are grouped into three districts, namely: first, in the south- 
west of the county, beyond Truro, near Heist on ; secondly, in the neighbourhood of 
St. Austell ; and thirdly, in the vicinity of Tavistock, in Devonshire. 

Many of the lodes traversing granite are worked profitably, as tho rock in which 
they occur is generally softened by decomposition. As a general rule, tho veins having 
an easterly or westerly direction are thoso which have tho ore in profitable abundance, 
while those ranging northerly and southerly often contain other metals. 

Although there are numerons exceptions, yet, as a whole, the distribution of this ore 
is somewhat marked. Certain combinations of rocks append to be the conditions 
which may have assisted in rendering the ores of one metal more abundant than those 
of another in the range of parts of tho samo mineral lode. For instanco, it is often 
found that a lode is cupriferous amid the slate-country, and chiefly stanniferous 
towards the granite. Some of the copper-veins in Cornwall have been worked for tin 
upon their backs, as the upper part of mineral veins are often termed in the mining 
districts, and have been abandoned wlion copper-ore was obtained beneath. In other 
phicefc, copper has been found between tin ; at Dalcoath mine, Camborne, tin occurred 
in profitable quantities in the depth, after tho vein had been worked chiefly for copper, 
tho higher portions having formerly furnished tin as tho principal ore. . 

If tin bo discovered first, it sometimes disappears, after sinking a certain depth, and 
is succeeded by copper ; in others, tin is found to the depth of more than 300 fathoms 
beneath the surface. If a copper lode meets one of tin, it usually passes through it, 
and heaves it out of its course. 

Metallurgy of Tin. — Tin, aB above stated, is entirely extracted from the dioxide, 

The tewt-tm requires much care in dressing, to separate mechanically the various 
foreign substances which it contains. The preliminary operations are: — 

1. Cleansing the rough ore as it comes from tho mine. This is somet imes dons by 

placing the ore on a grating, allowing water to fall over it from somo elevation, or by 
agitating it with a stream of water. , f 

2. Sorting the cleansed ore into four qualities : 

I. That which is rich in tin. 

II. That containing tin and other metals. * 

IIL That containing copper-ore. 

IV. Stony gangue, or useless ingredients. 

3. Stamping or rolling the ores No. I. into a cortain fineness, according to its quality, 
which is of so much importance that it is regulated by a coppor plate pierced with a 
certain number of holes in the square inch, placed in front of t he stamp-box, through 
which everything from the stamping-mill is made to run oflf, with a constant stream of 
water introduced for the purpose. Tho Btampa arc of the usual description : the bars 
are of wood, between five ana six inches square, fastened by a tail to a cast-iron head, 
of about 280 lbs. weight. The stamp-chest iB open behind, so that, as the ore is pounded, 
it slips away from under the stamp-heads by its own gravity, along an inclined-plane 
with a stream of water. The rolls are similar to those for other ores ;. generally, they 
consist of two pairs of smooth cylinders, turning simultaneously fc opposite directions, > 
Above the upper pair is a hopper, which discharges down between them, by means of • 
a particular mechanical contrivance, the ore which is brought to it by waggqps; these 
waggons advance upon a railway, and empty their contents into the hopper through a 
trap-hole. Below the hopper is a small iron bucket, which receives the ore,k#haken, 
ana throws it continually upon the rolls by the constant jolts given to it by 4 crfcnk- 
rod. This bucket is so contrived, that too much ore can never fall upon the rolls end - 
obstruct their even movement. A small stream of water is often lea into the bucket* - 
spreading over the rolls and preventing them from heating. After the ore is reducwl 

to powder, it next undergoes the very important operation of washing. _ * 

This operation is earned on under very advantageous circumstances compared with * 
the similar operation with most other metals, in consequence of the high specific gravity . 
of the cassitorite, which enables the washing to bo profitably applied, even when the ore 
contains only 0*5 to l'O per cent, of tin. The ore is washed either in a huddle and 
lotting- tub or dolly (in the German chest or rack), or in the trunking-box, which are? 
employed according to the different conditions of the pulverised ore. As thp proceed. 
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of washing does not dii&r materially from that adopted &r theS&as of other 'metal*, it 
isunnecessary to enter into a description of the various machines Olhploye^fn ttarnw&ll 
The rich products of the washings consist principally of stannic oxide and the heavy 
metalliferous ores, such as arsenides, disulphides of iron, and wolfram mixed with sands 
and Blimes. The sands from several of the tin-mines, after washing, have a white me- 
tallic colour, arising from the presence of arsenical pyrites {mispickel) ; the workmen call 
them tin-whits . After the ores .are washed, they are removed to die burning-house, 
to bo calcined in a reverberatory calciper, which differs but slightly from that em- 
ployed for copper-ores, excepting , that it is smaller, and has only one door. The 
Chimney generally leads to flues, in which the arsenious acid is condensed. At Far 
Consols the calciners have the following dimensions: — 

The bottom, from the bridge to the front-door, is 7 ft. 4 in. long, 5 in the centre, 
18 in. wide at the front-door, 8 in. high over the bridge, 16 in. in the centre, and 10 in. 
high at the sides. The ores are charged in the usual manner from a bin or hopper, 
the calcine-man extending them first over thy^fiju'e near the bridge. They are rabbled 
every 20 or 30 minutes, according to the nature of the ores; and are divided into three 
heaps across the furnacj^jto expose their sides to the direct action of the heat. When 
some bright points are seen on the surface of the ores, and there is no longer any 
escape of white fumes, the work is finished. At the commencement of the calculation, 
only a moderate heat is applied, which is gradually increased until the sulphur (from 
the sulphides Of ijpn, j&c.) is nearly expelled. When the operation is conducted care- 
lessly, and the heat ajg^li^ too rapidly, a fusible sulphide of tin is formed, and the . 
mass agglutinates, wnKh is termed kerm in g : if this accident should happen, it is 
necessary to grind the ores over ngain. 

. When the charge is sufficiently calcined, it is removed from the calciner, and exposed 
in small heaps jto the action of the atmosphere for a few days, to promote the oxida- 
tion of any remaining sulphides into sulphates. When thus oxidised, it is thrown into 
alftrge tub filled With water, stirred with a wooden rake, and left to settle, by which, 
means the sulphates of iron and copper are dissolved. The water is afterwards 
transferred into a large tank, and the copper which may be in the solution is recovered 
by precipitation with metallic iron. ' The ore thus calcined, oxidised, and lixiviated, is 
Walked once more on the rack-table, and the lighter parts removed. The heaviest 
parts necessarily contain the moat metal, and arc sold to the smelters under the name 
of black. tin. That which remains in the middle of the table, being much mixed " 
am, is called m o c k - 1 e a d, and sent once more to the stamps to be crushed and 
Rafter which it is sold as blacks in. 

J 5 .|?otary-calciners calcine well, and do much work; but they must be put in ' 
ition either by water or stc&pr*power, and the cost of their erection is much pfeter 
(ban’ that of the ordinary ' roVftfbMntory calcinor, which can be put up for about £30. 
Theiusual cost of Calcining, per tpn of black tin, is : ^ , 

s: d. 

Jpor labour . ’ . . . . . 4 0J 

*•= * 1714 lbs. of coal, at 13s. per ton . .96 

13 6jr 

to which must be added the wcar-and-tcar of utensils, &c. Some calculate that the 
average cost is greater, amounting to 20s. per ton : from this is to be deducted, however, 
thiafvaHue of a large quantity of arsenious acid obtained. The mean yield of tin-ores 
prepared in Cornwall may be esti muted at 2 per cent. — that is to say, jbQ tons of 
ore wijl give .1 Ion of black tin. The cost of the mechanical preparation of the ores 



ill proportion to their yield, the hardness of the gangue, &c., hut those 
>^4$tice and hardness may be reckoned at 4s. 10 d. per ton of ores, or 
Jpff on black tin. There are, however, many ores which do not contain 
>0#*<fent. of metal, but they are easily dressed, os the grain is large and 
gd^uire no calcining : their cost of calcination may be calculated as 

^7 *r S. d. 

Rugging and spalling . . . .10 

-y>* ‘ Stamping .04 

Washing 1 0 

4. • . 2 4 per ton of ore, 

equal 6s. Sd. per ton of black tin. This estimate does not take account of the 

in washing, which is supposed to average fully 20 per cent., and in the assay, which 
than the actual product. 

__ smelting oft he black tin is effected in reverberatory furnaces. When 
impure metal is required, it undergoes two different processes — first, in a reduc- 
^mace, and then in a refining furnace. When a very pure tin is wanted, called 
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opened, which permits the escape of fames. The heat 6f the furnace is at first 
raised, for if it were too great, the tin-oxide would unit# with |he quart* of the 
and form a very difficultly decomposible silicate. The charge is allowed to 1 
Vol, V. 7 7 JjF 




mx or eight hoars, when the door is opened, and it is thorougUy^idabffed wHhjmmm 
rabble, to effect the separation of the metal and the slag. After waiting 
to allow the metal to subside, th#slag or scoria which floats on the surface Is skimmed 
off with a skimming rabble, an& prttfjlrved ; the upper part of the slag is poor in 
metal, bnt the lower is rich ; it is ttie&Jbre re-smelted. When the metal is perfectly 
skimmed, the tap-hole (which is stemmed with a ping of dir wood) at the side of the 
furnace is opened, and the tin allowed to flow into the circular basins. 

The tin, thus reduced, is by no 'means pure : it is necessary that it should undergo the 
refining process, which is porforraed by liquation and refining proper (lixiriation). 
Liquation is accomplished in a reverberatory furnace, very similar to that in which the 
smelting is effected ; but. it is provided with a more sloping bottom, similar to that for 
refining copper. The pigs of tin are piled up on the bottom, close to tho bridge, and 
the tin, when moderately heated, gradually melts, and flows down into the refining-basin 
made in the bottom. When the blocks are exhausted of pure tin, skeletons of tho 
pigs remain as a refractory residuum, consisting chiefly of oxides of iron and other 
foreign metals. More pigs are placed over tiifcremains of the first, and the metal is then 
run from the furnace into a large iron pan or kettle, which holds about five tons. 

The next process is-jtfefi i aa n g proper, or lixiviation. — The kettle orreflning- 
basin is placed over a fire-grate, and heated bo as to preserve the metal in a fluid 
•tate. Into this metal bath, billets of greenwood ore plunged, and set in a rotary 



motion by a machine called a gibbet, placed over tho kettle ; the disengagement of gas 
from the wood causes a constant ebullition in tho tin, and a froth on the surface, which 
is composed chiefly of tho oxides of foreign metals and tin; this is skimmed off the 
surface, and reserved for re-smelting. 

In about. three or four hours, the boiling is finished ; the greenwood is removed, and 
, ^ti | tin. allowed' to settle. On cooling slowly, the metal separates into different strata, 
djjlkkieh the upper is the purest, the middle slightly charged with foreign metals, and 
So lowest very unpure. After a couple of hours, it is gently ladled out into moulds. 
The q uali tyjof the tin depends on the order in which it has been ladled ; the first 
^ blocks contain, of course, the purest metal, and the last are so impure as to require to 
bp again subjected to liquation and refining. The whole operation requires from fire 
to fix hours, including from one to two hours for the subsidence of the metal. The 
tfioolds into which the tin is cast are generally made of granite^ and are of a size 
S u f fi cient to contain three hundredweight of blade tin. 

* Tin-ore melted in the blast-furnace produces the purest metal. When the furnace 
ia thoroughly heated, it ib charged with ore and charcoal, damped to cause anadheison 
" between the two, and the furnace is constantly kept full while the operation is going 
* on. The tin is allowed to run into the first basin, and then into the second, where it 
is left to settle for some time. The tin in the metallic bath falls into strata similar to 
those ficom the refining Jftuyace, the impure part settling to the bottom, which is again 
«c»*sinelted. 
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Gfiitt4ia u Ibaepi ed from the finest blocks ; these are heated to nearly melting- 
point* when they become brittle ; they are then dropped from a considerable height; 
the metal is thus broken, and forms elongated grains Or tears. 

The reverberatory furnace consumes about tap) tons of coal for one ton of metal ; 
the blast-fiimace about thirty-one hundredweight of charcoal for one ton of metaL 

It is very difficult to find out the exact loss of metallic tin in smelting by the rever- 
beratory and blast-furnaces. It has, however, beau found that black tin, which 
gave 73 per cent, of tin by assay, yielded 66*5 per cent, of pure tin when smelted and 
refined, leaving a large quantity in the Btate of afficate, most of which, no doubt, 
could be recovered. In the blast-furnace the loss is considered to be about 13 
per cent. 

Properties of Tin . — The tin of commerce is never pure ; the metal from Banca con- 
tains, perhaps, the smallest amount of impurity. Tin iB generally associated with 
small quantities of arsenic, lead, iron, copper, and occasionally tungsten, manganese, 
antimony, zinc, bismuth, and molybdenum. To obtain it chemically pure, the tin of 
commerce is granulated and dissolved in. strong hydrochloric acid; a small quantity of 
water is cautiously poured into the solution, so as to form two strata ; and a plate of 
tin is then introduced, traversing the two liquids. After sqifartimo, crystals of pure 
tin are deposited upon the plate, owing to the feeble galvanic current which iB excited. 
Or tin may be digested in nitric acid, the white insoluble residuo (metastannic acid}** 
digested in dilute hydrochloric acid, and the resulting powder reduced by charcoal. 

Tin is a white metal, having however a peculiar yellowish tinge. When warm, it 
emits a characteristic smell, and a bar, when bent, gives a singular crackling sound 
[firri (Vetain), owing to the interior crystals breaking against each other. It is soon 
tarnished by the air of large towns, owing probably to a film of sulphido, as it is not 
Bonsibly affected by the combined presence of air and moisture. Tin, with, the excep- 
tion of lead and thallium, is the least tenacious of the well-known metals. A wire ^ 
of an inch in diameter will support only about 31 pounds: a bur, a quarter of jAU 
inch in diameter, will not support more than 294 pounds weight. The. ItaiReat 
tin is very considerable ; it is expanded, by combined hammering and. 
sheets or leaves called tinfoil, barely j^th part of an inch in thickness: 1 It 
that is laid upon tho back of glass mirrors, and there amalgamated with mercury* 
forming what is called the silveri ug. 

Tin can be easily obtained in crystals, in the same manner as bismuth. The best 
method is to fuse some pounds of the metal, and, when it is nearly solidified, to pierce 
the centre of the mass with a stick of incandescent charcoal, and pour off the portion 
which still remains liquid; fine crystals of tin are then found upon the sides of the 
interior. Tin, indeed, . has a remarkable tendency to crystallise, as may easily bo 
shown by washing the surface of the metal with warm, diluted, nitro-hydrochloric 
acid, when it becomes covered with a mass of crystalline forms, having a vory beautiful 
appearance something like watered silk, and formerly much used, under the name of 
vioiree metallique, for the manufacture of workboxes, tea-caddies, 6 bo. The appearance 
is caused by the unequal reflection of light by the facets of the Crystals exposed to the 
action of the acid. Louis Vallet, in 3 817, obtained a patent for the production of these 
crystals, or, as he expressed it, for the manufacture of a new ornamental surface of 
metal or metallic composition. The surfaces of tin, or of metals coated with tin, are 
washed with a mixture of 10 pts. of sulphuric acid diluted with five times its bulk 
of water, together with I pt. of nitric acid diluted with its own weight of water. 

In the following year (1818), Mr. M. Isambard Brunei obtained a patent for a 
somewhat similar application of acids on the surface of tin. The process is thus 
described : u A new species of tinfoil, capable of being crystallised in large, varied, and 
beautiful crystallisation.” A sheet of tin or tinfoil is laid evenly upon a fiat plat, of v 
metallic or vitreous snbBt&nce, which may be heated from below by a bath of meltlji 
alloy, as of two-thirds of tin and one-third of lead: heat is then applied, by means wlf 
common gas-jets and flexible tubes, to those parts to which it is desired^ give an j - 
ornamental crystalline conformation. 8ulphnric acid diluted with 3 ptd. qf water, * 
and nitrous (7) acid diluted with 1 pfc. of water, are mixed in the proportion of 10 pts. 
of the former to 1 pt. of the latter, and applied by a brush to the surface of tbs tin ; 
it is then washed, and may bo varnished or japanned in the usual way. 

The specific gravity of tin is 7'29, and is not sensibly increased by rolling. 
That of the crystals was found by Miller to be 7*177 : according to Deville, tlio 
specific gravity of slbwly-cooled tin is 7*373 ; that of tin rapidly cooled, by pouring 
into water, 7*239. Its cubical expansion for 1° O. (between 9° and 72°) is 0*000079. 
(Kopp.) 

Tin melts at 222° (Crichton and Rudberg), at 230° (Kuppfer), at 237*2° 
(Person). Its specific heat in the solid state is 0*0362, m the liquid state 0*0637 ; if* 
latent heat of fusion, between 260° and 350°, is 14*232 (Pe#s#fe> It boils at a while 
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heat. It has but a email heat-ccmdu 
of silver being 1000). It takes a fine polish, and' has i 
hence vessels of polished tin are well i ' _ 

Tin does not oxidise at ordinary temperatures in tne air, even when j 


fused in the air, its surface becomes covered with a-thin grey £l m> “contaimW^ 
protoxide and dioxide of tin. If the film he removed, it ls agaia formed, and if thi» 
grey powder he continuously heated, it becomes white . It is used for polishing plate 
ui the same way as putty -powder, which is obtained by the action of nitric acid upon 
the metal. 

If tin be kept at an ordinary red heat, it gives out vapours, but they have little 
tension, and 'there is but small loss of weight; at a strong white heat, it burns in the 
air with a bright flame. At a full red heat it will decompose steam, with evolution 
of hydrogen. 

Strong nitric acid of specific gravity 1 ‘5 does not act upon tin, the metal even preserv- 
ing its characteristic brilliancy ; but if the acid is diluted 1 , it attacks the metal with 
extreme violence, the t¥n being entirely converted into met a stannic acid. 

. Tin dissolves slowly in dilute or cold hydrochloric add, but rapidly when the latter 
la hot and concentrated, evolving hydrogen-gas, and yielding diehlqride of tin. 
Dilute sulphuric add , when heated, attacks tin slowly, with emission of hydrogen, but 
the hot concentrated acid acts more energetically, with production of sulphurous 
acid. Fused nitre and the hydrate of potassium, and sodium , at high temperatures, act 
upon tin. It combines directly with sulphur, phosphorus, chlorine, iodine , &e., and forms 
alloys with many metals , particularly with copper , to which it gives a hardness 
approaching to that of steel. 

Tin in a state of fine division is violently acted upon by chloride of sulphur, 
the heat evolved being so great that the sulphur-compound (which must be returned) 
passes over With the tetrachloride of tin. (Wohler, Ann. Ch. Pharm. lxxiii. 374.) 

Compounds of 'I'in. — Tin forms chiefly two classes of compounds : namely, the 
«tannous compounds, in which it is diatomic — e.g., SnCl* SnO, SnS, Sn(S0 4 ), &c. ; and 
the stannic compounds, in which it is tetratomic — e.g., SnCl\ SnO 2 , SnS', SnfsO 1 ) 2 , &c. 
There aro also a sesquioxide, Sn 2 0 3 , a sosqui sulphide, Sn*S*, and several compounds of 
tin with alcohol -radicles, in which it is triatomic. F. F. 


TUT, ALXiOTS OP. Tin unites with most other metals, forming, in many cases, 
hard ductile alloys. Small quantities of tin aro often suflBcient to impart peculiar pro- 
perties to an alloy. 

Many of the alloys of tin have been already described in connection with the other 
metals. For Matthiesson’s determinations of the specific gravities of tin-alloys, see 
Pogg. Ann. cx. 21 ; Juhresb. 1860, p. Ill ; also the article Metals in this Dictionary 
(iii. 948). 

Tin and Antimony (i. 317). — According to Chaudet, 10 pts. tin and 1 pt. anti- 
mony form a perfectly ductile alloy. 

Tin and Arsenic unite easily when heated together, forming a hard, brittle, lami- 
nar mass, loss fusible than tin. When the proportion of arsenic is large, the alloy is 
insoluble in hydrochloric acid; with a smaller amount, it dissolves, with evolution of 
ursenietted hydrogen, leaving an alloy richer in arseifi<j, (Soubei ran.) 

Tin and Bismuth. — An alloy of 177 pts. (3 at.) of tin and 213 pts. (2 at.) of 
bismuth, when cooled from a state of fusion, exhibits but one solidifying-point ; inas- 
much as it first cools regularly down to 143°, and then remains at that temperature 
for a considerable time, till tne latent heat, set free in the solidification of the alloy, 
has had time to escape. But all other alloys of these metals likewise exhibit a higher 
•olidifying-point, the excess of one or the other metal, or, rather, another definite alloy 
containing an excess of one of the two metals, solidifying first, and afterwards at 
143°, the hitherto fluid alloy containing Su*Bi*. The higher solidifying-point, or 
point of separation, is 190° for Sn 4 Bi, 160° for Sn*Bi, 160° for SnBi, 170° for Sn*Bi # , 
and 190° for SnBi*. (Bud berg, Pogg. Ann. xviii. 240.) 

a. 40 pts. tin to 1 pt.- bismuth : perfectly ductile ; the addition of 1 pt. of lead 
diminishes its extensibility. — b. 26 pts. tin to 1 pt. bismuth : slightly ductile (Chau- 
det)»— c, 8 pts. tin to 1 pt. bismuth : melts at 199° (Lewis). — d. 3 pts. tin to 1 pt. 
bismuth : pnWerisable ;,of dull grey fracture, and specific gravity 7776 ; gives up all 
its tin, wfth a small quantity of bismuth, to heated hydrochloric acid (Chaudet). — 
c. 2 pts. tin to I pt. bismuth : melts at 166° (Lewis).-—/. 236 pts. (2 at.) tin to 213 pts. 
(1 at.) bismuth* specific gravity «= 8-085 (Regnault).— g, 1 pt. tin fco 1 pt bismuth: 
perfectly brittle; pulverisable ; of fine-grained fracture; specific gravity ~ 8*346 
(Chauaet), Melts at 138° (Lewis)* Expands strongly in solidifying (Marx). 
With hydrochloric acid it behaves like d (Chaudet, Ann. Ch. Fhys. [2], v. 142). — 
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I. 177 pts. : (§ at.) tin to 213 pta, (2 at) bismuth : melts between 131° end 137° (Do- 
bereinev, Kastn. Arch. iii. 90),— ♦. 118 pta. (I at.) tin to 213 pta. (1 at) bismuth : 
specific gravity 8*769. (Regnault.) 

236 pts. (2 at) tan to 213 pts. (1 at) bismuth, and 129 pts. (1 at) antimony, 
form an alloy of specific gravity 7*883 at 20°. (Regnault, Ann. Oh. Phys. [2], 
Ixxvi. 13,6-) 

Respecting the alloys of tin, bismuth, and lead, see i. 591 , and iii* 636. 

Tin and Cadmium. — The alloy BnHM melts at 173*8°. (Rudberg.) 

Tin and Cobalt form a somewhat malleable alloy. 

Tin and Copper (see Copper, ii. 43). Rieffel (Compt. rend, xxxvtf. 454; 
jAhresb. 1853, p. 376) gives the following list of alloys, which' he regards as chemical 
compounds of copper and tin : — 



Cu. 

So. 

Colour. 

CuSn 4 * 

CuSn* 4 

1*11 

2*19 

* 98*89) 
97*81 j 

1 White, more or less approaching to that of tin. 

CuSn 

34*98 

65*02 

Iron-grey. 

SnCu 44 

92*81 

7*19 

Golden -yellow. 

SnCu 4 * 

96*27 

3*73 

Orange-yellow. 

SnCu" 

97*48 

2*52 

Yellowish-rose. 

SnCu" . 

* 98*10 

1*90 

Rose. 


In the alloy SnCu, which crystallises in large steel-grey laminae, hard, bulky, and 
melting at about 400°, the properties of both the constituent metals are said to be nearly 
masked ; the other alloys exhibit tho characteristics of the predominant metal. The 
formation of all these compounds is attended with condensation. 

The alloy CuSn 3 (21*3 pts. copper and 77 6 pts. tin) has been found, os a furnace- 
pnxluct, in whito six-sided prisms, of specific gravity 7*63 (Miller, Pogg. Ann. cxx. 
, r i5). — Another furnace- product, from Schlackcnwald, Cu*Sn 7 (18 9, pta. copper and 
80-8 pts. tin), forms semi-malioable six-sided prisms, of specific gravity 6*994, having a 
whito colour, with golden-yellow tarnish. (Kammolsberg, ibid, cxx. 64.) 

According to Calvert :’.nd Johnson (Jahresb. 1868, p. Ill), tho heat-conducting 
power of Su 4 Cu = 396; of SnCu - 416 (silver « lOUl)). 

Calvert, Johnson, and Lowe (Jahresb. 1861, p. 1) have determined the relative 
expansions of several alloys of copper and tin to be as follows: SnCu — 138*1; 
SnCu - 118*1; SnCu 4 - 111*8; SnCu 54 « 98 3; SnCu** = 106*0. 

Alloys of tin with copper and an tim on y constitute several varieties of Britannia* 
metal, also Deurance’s alloy for fractional bearings (ii. 40). 

Tin and Gold. — Tin considerably diminishes the extensibility of gold. The alloy 
of 11 pts. gold and 1 pt. tin is pale-yellow, fine-grained, only slightly malleable, and 
has a specific gravity of 17 '307 (Hatchett). Alloys of tin and gold are, for the 
most part, easily crystalli sable. The compounds SnAu and Sn*Au* do not, however, 
appear to crystallise ; but on addition of more tin, in such proportion as to form the 
compound Su 3 Au, the fused mass separates into a less fusible portion, having a 
vitreous fracture, and an easily fusible crystalline mass. (M atthiessen and v. Bose, 
Phil. Trans. 1860, p. 170.) 

Iridium melts with 4 pts. of tin, at a bright-red heat, to & dull-white, hard, crys- 
tal lisable alloy (Berzelius). The alloy IrSn* (46- 4 pts. iridium and 54*6 pts. tin) 
crystallises in cubes, which are not altered by nitromuriatic acid. 

Respecting the alloys of tin with iron, lead, and mercury, see iii. 376, 634, 
870; with palladium and platinum, iv. 327, 667. 

T in and Nickel form a hard brittle alloy. 

Tin and Potassium melt easily together. Stanniferous potassium, obtained by 
igniting tin or stannic oxide with cream of tartar, is brittle, and decomposes water. 

Tin and Rhodium form a black, shining, crystalline mass, containing RhSn* 
47*3 pts. tin, 32*0 platinum, f2*5 iridium, and 19 rhodium, form a crystallisable alloy, 
(PtlrRh^Sn*, which is not altered by hydrochloric acid. 

Tin and Ruthenium. — When 1 pt. of ruthenium is fused with 10 to 15 pts. tin 
in a crucible lined with charcoal, and the cooled mass is treated with hydrochloric acid, 
a crystallisable alloy, RuSn*, rem&inB, containing 33 pts. ruthenium to 67 pts. tin. 

T i n and Sil ver (p. 287). 

Ti n and Sodium may be alloyed together by direct fusion, or by igniting tin with 
soda-soap. The alloy resembles that of tin and potassium. 

T i n and Zinc. See Zinc. 

Tnr, SEOBaOBS or* Stan nop* bromide , SnBr*, is formed by besting 
metallic tin in hy drobromi c acid gas, or with mercuric bromide. It is a greyish-white, 
shining, crystalline* mass. It dissolves in water, and the resulting solution, as wall 
as that obtained by dissolving tin in aqueous hydrobromic acid, yields* on evaporation. 
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, mlatinmiB mm , bat no crystals. Stannous bromide . 

mi oily liquid. When heated in the air, it gives off stannic bromide and&mi «C£ 

Stannic bromide, SnBr*, is produced, with incandescence, wheat tin cqr atanaoni 
bromide is heated in bromine- vapour. It is a white crystalline mass , of specific gravity 
3*322, fumes in the sir, melts easily , and sublimes in needles . . It dissolves in water 
without perceptible rise of temperature ; melts under oil of vitriol without sensible 
alteration. Nitric acid oxidises it to stannic l^tfrate, wjth separation of bromine. 
(Balard.) . 

A stannic oxybromide is formed by the action of bromine on stannous oxide. 

Stannic bromide unites with either, forming the compound SnBr 4 .(C*H»)*0, in deli- 
quescent crystals, which rotate on water before dissolving in it, and are easily disin- 
tegrated, especially when heated, yielding hexagonal prisms of stannous bromide. 
(Nickl&s, Compt. rend. lii. 869.) 

TIN, BUTTXUI OF. Butyrum. stanni . — An obsolete name for hydrated tetra- 
chloride of tin; also, according to G-melin’s Handbook (v. 84), for the aAhydrous di- 
chloride, 

TIW, OBLORZDBS OB*. Three chlorides of tin are known, corresponding to 
the oxides — namely, SnCl 2 , SnCl* and SnCl 4 . 

XMohloride, or Stannous Chloride, SnCl 2 , (commonly called Protochloride of 
Tin , and represented, according to the old atomic weight of tin, by the formula SnCl.) 
— The anhydrous dichloride is prepared : — 1. By gradually heating tin, or tin-amal- 
gam, with mercurous chloride, or with at most 2 pta. of mercuric chloride, the mercury 
then volatilising. — 2. By heating tin in hydrochloric acid gas, hydrogen being set 
free. — 3. By heating hydrated stannous chloride in close vessels, whereupon, when 
the heat is gradually raised to rodnoss, and the receiver changed, the anhydrous 
chloride passes over after the water. Capi taine (J. I* harm. xxv. 552) gently heats 
commercial tin-volt in a capacious cnfcible (to prevent frothing over), as long as it 
froths up, and gives off water and sulphuric acid ; pours the mass, as soon as it is 
brought to a state -of tranquil fusion, into a small crucible ; then pounds it up coarsely, 
and distils it from a coated glass retort. The first portions of stannous chloride which 
pass over are perfectly pure ; the last portions contain a small quantity of iron, from 
which they may be freod by a second distillation. 

Stannous chloride is translucent, almost pure white (frequently grey), with a fatty 
lustre and conchoidal fracture ; soluble in water and in alcohol. It melts at 250° to an oily 
liquid, which penetrates the crucibles and makes them crack ; boils at a heat near red- 
ness, but always with some degree of decomposition. When cooled after fusion, it 
remains liquid for a long time, but afterwards becomes syrupy and solidifies. When 
heated to bright redness, it gives off tetrachloride of tin, and afterwards unaltered di- 
chloride, leaving a black shining mass, which dissolves in aqueous hydrochloric acid 
with evolution of hydrogen-gas, and forms a solution of stannous chloride (A. Vogel, 
Schw. J. xxiv. 66). When heated to the boiling-point, it passes over in company with 
tetrachloride of tin, and leaves yellow, earthy, stannous oxychloride, SnCRSnO 
(Capitaine). — When heated with sulphur, it yields tetrachloride and disulphide of 
tin: 2SnCl 8 + S 8 = SnCl 4 + SnS 2 (Proust). — When heated in the air, or with 
nitre, chloride of potassium, or mercuric oxide, it gives off tetrachloride of tin, anil 
leaves stannic oxide. At ordinary temperatures, it does not suffer much alteration by 
exposure to the air; in the course of three woeks, however, it becomes somewhat 
disintegrated, but still dissolves completely in water. 

Stannous chloride absorbs dry ammonia-gas, and when heated with it, forms the 
compound SnCl*.NH*. 

Hydrated stannous chloride, commonly called tin-salt, is obtained by dissolving the 
anhydrous chloride in water, or by the solution of metallic tin in hydrochloric acid. 

The preparation on the large scale is performed in copper vessels, which, so long as 
any portion of tin remains undissolved, are not attacked by the acid. If granulated 
tin be covered with hydrochloric acid, then the acid poured off, and the tin exposed to 
the air — afterwards the acid poured on again, and so on alternately — the tin tak*s up 
oxygen from the air, whereby it becomes heated, and dissolves much more quickly than 
by the simple action of the acid (Berard). In the preparation of tin-salt on the 
large Beale, No liner (Arch. Pharm. lxiii. 120) recommends that the hydrochloric 
acid, as it is evolved from the retorts, be made to act directly upon granulated tin con- 
tained in stoneware receivers adapted to the retorts, and that the concentrated solu- 
tion of tin-salt thus formed be afterwards evaporated in tinned pans, with addition of 

^^hesSutimi, when evaporated and cooled, yields large, transparent, colourless prisms 
(monoclinic according to Marighac), having a disagreeable metallic taste. Ac- 
cording to Berselius, their composition is SuCl*.H*0: according to Henry, they 
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contain SfcCMH t O. The crystals, when heated, evolve water and hydrochloric acid 
containing a small quantity of tin, and leave stannous chloride and oxide. Cold oil 
of vitriol separates from them but a small quantity of hydrochloric acid ; heated oil 
of vitriol separates hydrochloric acid— together with smsl! quantities of stannous 
chloride, sulphurous acid, and sulphuretted hydrogen (the two latter substances partly 
decomposing each other, and yielding a precipitate of Bulphur) — and forms stannic sul- 
phate. (A. Vogel.) 

The pure crystals q f tin-safiNtissolve completely in a certain quantity of de- 
aerated water, a litre of the solution, saturated at 15°, having a specific gravity of 
1*827, and containing 1,333 grms. of stannous chloride to 494 grins, of water (Michel, 
and Kraft). A larger quantity of water produces partial decomposition, hydrochloric 
acid being dissolved, and a hydrated stannous oxychloride, Sn*001V2H*0, being do- 
posited in the form of a milk-white powder: 

2SnCi* + H*0 - Sn’OCl* + 2HC1. 

The clear neutral solution also becomes turbid on exposure to tho air, likewise from 
formation of oxychloride, while stannic chloride remains in solution : 

3Sn"Cl* + O « Sn*0Cl* + Sn*'Cl 4 . 

In either case the decomposition may be prevented, and the solution kept clear, by 
addition of hydrochloric or tartaric acid, or of sal-ammoniac, with which stannous 
chloride forms a double salt not decomposible by water or by exposure to the air. 
The crystals of tin-salt likewise decompose on exposure to the air in tho manner above 
mentioned, 

A hydrated stannous chloride , containing SnCl 8 4H 8 0, is obtained in needle-shaped 
deliquescent crystals, melting at 50°, by dissolving stannous oxide in an equivalent 
quantity of stannic chloride, and evaporating, the mother-liquor then retaining stannic 
oxide dissolved in stannic chloride : 

2SnO + 2SnCl 4 + 8H*0 - 2(SnClUH z O) + SnO* + SnCl 4 . 

Stannous chloride is a powerful deoxidising agent, reducing gold-, silver-, and mer- 
cury-salts to the metallic state; converting ferric , manganic , and cupric chlorides 
into ferrous, manganous, and cuprous chlorides respectively ; the trioa idc of chromium 
(chromic anhydride) into sesquioxide ; tungstic and molybdic anhydrides into the 
corresponding blue oxides ; the higher oxides of lead, bismuth , &c., into lower oxides, 
and indigo -blue into indigo- white. — Arsenic acid forms with stannous chloride a pre- 
cipitate consisting, according to ScliifF. of stannic arsenite, 2Sn0 , .As 2 0 1 ; au excess of 
stannous chloride, however, reduces the arsenic acid to metallic arsenic. Stannous 
chloride also reduces nitric acid to nitric or nitrous oxide, hypochhrous aoid to chlo- 
rine, &c. With sulphurous acid in presenco of hydrochloric acid, it forms stannic 
sulphide together with stannic chloride, a reaction which may bo used for the detection 
of sulphurous acid (p. 541) : 

6SnCP + 8HC1 + 2H 8 S0 8 - SnS* + 6SnCl 4 + 6H*0. 

Stannous chloride is often used as a reagent in volumetric analysis for the estima- 
tion of indigo, &c. Tin-salt is extensively employed as a mordant in dyeing and calioo- 
printing, sometimes also us an antichlore. 

Stannous chloride forms crystallisable double salts with several other metallic 
chlorides. 

Ammonio-atannous Chlorides . — a. The compound 2NH 4 Cl.SnCl a is formed by heating 
tin-filings with sal-ammoniac, more easily, however, by evaporating a mixed solution of 
the component chlorides ; the crystals thus obtained aro sometimes anhydrous, some- 
times they contain 2 at. water (Graham). Apjohn obtained octahedral crystals, 
2NH 4 Cl,SnCl 8 .H 1 0, which were permanent in the air, had an acid reaction, and 
dissolved in water, forming a solution which became cloudy on boiling. Rammelsberg 
obtained rhombic crystals Raving the same composition. — 0. The salt 4NH 4 Cl.SnCl 3 . 
3H 8 0 forms tufts of needles permanent in the air, but decomposed by water. (Pog- 
giale, Compt. rend. xx. 1180.) 

The barium- and strontium-salts are represented by the formulae BaCl*.8n01*.4H*0 
and SrCl* SnCl*.4H*0. 

Potassio-stannous Chlorides. — a. The salt 2KCl.Snd* is prepared like the corresponding 
ammonium-salt, and is said to form anhydrous crystals, as well as crystals with 1, 2, 
and 8 at. water. The monohydrate forms rhombic crystals. (Marignac, Compt. 
rend. lv. 850. — Rammelsberg, Kry stall. Chemie, p. 211.) 

A compound of stannous chloride with potassio-stannous sulphate , SnCl a .4SnK 8 (80 4 )* f 
separates from a mixture of the hot concentrated solutions of stannous chloride and 
potassium-sulphate, in small, shining, hexagonal crystals, which may be reciystallieed 
horn water without decomposition. 

Sesgu (chloride of Tin , o x St an no so- stannic Ch loridc t Sn^ !• SnCKSnCl* 
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—This compound, known only in solution, is produced by dissolving stannqiKMrtniinic 
hydrate in hydrochloric acid, in a vessel from whieh the air is excluded,, t rasolntion 
reacts like a mixture of stannous and Btannic chlorides. 

Tetraebloride of Tin, or Btaqnlo Chloride, SnCl 4 ,-— This compound was 
known to the older chemists, having been mentioned by Libavius, in 160d, under the 
name of Liquor 8, Spiritua argenti vivi eullimati (from the mode of preparation with 
mercuric chloride) ; afterwards it was commouty caUed$pm£MS fwmans LdtavU, pome- 
times also Fumigatorium perpetuumjoviale . — The anhydrous tetrachloride may be 
obtained by distilling stannic sulphate with sodium-chlorid#, or by distilling the 
hydrated tetrachloride with oil of vitriol. It is usually prepared by dialling a 
mixture of 1 pt. tin-filings with 4 or 5 pts. mercuric chloride, or by heating tin-fUings 
or stannous chloride in dry chlorine-gas, the tetrachloride, then ejecting in the 
receiver, which must be kept cool. In preparing it by the last-mentioned method, 
the free chlorine must be removed by agitating the distillate with tin-filings, and then 
rectifying it. 

Stannic chloride is a colourless mobile liquid, of specific gravity 2*267 at $*. It 
fumes strongly in moist air; boils at 115° (at 120° according to Dumas, at, 112° 
according to A n d r e w s). Vapour-density, according to Dumas’ determination, m 9*20 ; 
by calculation = 9-01. ItB specific heat for the unit of volume is 0 8639 ; for the unit 
of weight, 0*0939 (11 eg nau It). It does not conduct electricity. It is highly caustic, 
decomposes alcohol, with formation of ether ; in contact with oil of turpentine, it 
produces great heat, sometimes setting fire to the turpentine. It converts mercury into 
calomel. Strong nitric acid decomposes it, with formation of metastanmc acid ; heated 
in sulphydric acid gas, it is partially decomposed, with formation of stannic sulphide. 

Hydrated Stannic Chloride, — The anhydrous tetrachloride absorbs water rapidly from 
the air, and forms .crystals of a trihydrate, SnCl 2 . 311*0 (Casselmann). mixed with 
one-third of its weight of water, it solidifies to a soft fusible mass, called Butter of tin, or 
Butyrum atom, which dissolves in excess of water, the solution yielding, by evaporation, 
deliquescent crystals of a pentahydrato, SnCl 4 .5H 2 0, which give off 3 at. water over oil 
of vitriol (Lewy, Compt, rend. xxi. 369 ). A solution of stannic chloride may be pre- 
pared by dissolving ordinary stannic hydrate in hydrochloric acid, by treating a solution 
of stannous chloride with chlorine-gas, or hy mixing stannous chloride with hydro- 
chloric acid and treating it with nitric acid. The salt generally known in commerce as 
nitromuriate of tin, is prepared by dissolving tin in nitromuriatic acid, which must 
be kept cool, and must not contain too much nitric acid — otherwise metastanmc acid is 
likely to be produced. This solution iB used in dyeing for the brightening and fixing 
of red colours, and is sometimes designated by the old names, “composition, physic, or 
tin-solution." The same solution is obtained by dissolving tin to saturation m hydro- 
chloric acid, then adding half as much hydrochloric acid as was required to dissolve 
the tin, together with a certain quantity of sulphuric acid and nitre. Stannic chlor.de 
may also be prepared by oxidising stannous chlorido with chlorate of potassium ; and 
on evaporating the liquid, or the solution of stannous chlorido mixed with nitric 
acid, the trihydrate, SnCl 4 .3H s O, iB obtained (which, when dried in a vacuum, leaves 
tho di hydrate, SnCi 4 .2H 2 0), while the mother-liquor contains stannic hydrate dissolved 
in stannic chloride. (Scheurer-Kostner, Compt. rend. 1. 50.) 

The solution of stannic chlorido exhibits all tho reactions of ordinary stannic salts 
(p. 8K>). When evaporated, it first gives off water, then stannic chloride. The 
concentrated solution does not alter perceptibly ; but the dilute solution gradually 
decomposes, yielding hydrochloric acid and metastanuic hydrate (p. 817), which 
remains behind when the hydrochloric acid is evaporated. According toCassel- 
mann, a solution diluted to a certain point deposits ordinary stannic hydrate as 
well as motastannic hydrate. When stannic chloride is heated with a small quantity 
of water in a sealed tube, pure amorphous stannic oxide separates. (Senarmont.) 

Aqueous stannic chloride easily dissolves stannous oxide, forming stannous chloride 
which on evaporation crystallises as a tetrahydrate, SnCl*.4H'0 (p. 807), while the. 
liquid retains stannic hydrate dissolved in stannic chloride. When an excess of 
stannous oxide is dissolved in stannic chloride, the mass solidifies to a pulp of stannic 
hydrate, and the liquid which runs off yields, on evaporation, the dihydrate of stannous 
chloride, SnClV2H*0. (Scheurer-Kestner.) 

Compounds of Stannic Chloride, — Stannic chloride unites with a considerable 
number of bodies, both organic and inorganic. It dissolves crystallise ble (not amor- 
phous) sulphur, when heated with it ; also ordinary phosphorus , iodine, and other 
bodies, in large quantity ; it mixes in all proportions with bromine and carbonic 
disulphide, and like the latter is a solvent for many bodies. Sulphur crystallises from 
the hot saturated solution in rhombic prisms. (Girard in, Compt. rend. li. 1057*) 

Anhydrous stannic chloride absorbs ammonia-gas, forming the compound 
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SnCP.3KjlVwhich is a white powder, sublimable without decomposition, and perfectly 
soluble in water after sublimation. (H. Rose.) 

Vapour of sulphuric anhydride is easily absorbed by stannic chloride, forming a 
solid mass. (Rose, Pogg. Ann. xliv. 320.) 

Stannic chlorido also quickly absorbs sulphydrio acid gas, giving off hydrochloric 
acid, and forming a stannic sulphochloride, 9nS\2SnCl 4 : 

3SnCl* + 2H*S - SuS* 2SnCl» * 4H01. 

The compound obtained by perfect saturation with sulphydric acid, is a yellowish or 
reddish liquid, heaviel than water. When heated, it gives off tetrachloride of tin, and 
leaves'the disulphide. (Dumas.) 

A compound of stannic chlorido with tetrachloride of sulphur , SnCl 4 .2SCl 4 , is pro- 
duced by the Action of -chlorine-gas on sulphide of tin at ordinary temperatures : 

. * SnS* + 601* «= SnCl 4 .2SCl 4 . 

It forms large yellow crystals, which melt when heated, and sublime without decom- 
position; they .fume in the air more strongly than tetrachloride of tin. 

Dttrachloride of Tin, with Pentaehloride of Phosphorus, SnCP.PCl*. — When a mixture 
of the last-described compound with trichloride of phosphorus is moderately heated 
in a stream of hydrochloric acid gas, a rapid action takes place, and this compound is 
formed, together with other products : 

SnQl < .2SCl* + 3P01* - SnCi 4 .PCl* + 2PC1* + 8 2 C1*. 

If the retort iA which tho action takes place is connected with a receiver surrounded 
with ice, a pasty yellowish mass collects in tho receiver, and an amorphous white body 
remains in the retort. On heating tho yellowish mass between 100° and 120°, disul- 
phide of chlorine escapes, and there remains a mixture of pentaehloride of phosphorus 
witli\he double chloride, identical, in fact, with the amorphous white mass in tho 
retort. 0n heating this mixture to a temperature between 140° and 160°, the penta- 
cliloride of phosphorus is also driven off, leaving tho doublo chloride, which sublimes, 
between 200° and 220°, in highly lustrous colourless needles, which, however, soon 
crumble to an amorphous powder, even when kept in close vossols. The compound 
fumes strongly in air, and rapidly absorbs water, being thereby convorted into trans- 
parent colourless crystals containing water of crystallisation. (Casselmann, Ann. 
Ch. Pharm. Ixxxiii. 257.) 

Tetrachloride of Tin v'ilh Oxychloride of Phosphorus, SnCIVPOCI*. — Obtained by 
the action of oxychloride of phosphorus on tetrachloride of tin: if an excess of 
cither substance is present, the compound separates in largo isolated crystals. It has 
a peculiar odour, melts at 66°, boils at 180°, and distils without alteration if kept 
from contact with moist air. It fumes in the air, and is decomposed by water. When 
oxychloride of phosphorus comes in contact in a close vessel with the compound 
SnClViSCl 4 , the whole dissolves, forming a yellowish liquid, from which, after a whilo, 
the compound 9nCl 4 .POCl* crystallises; and above the crystals thsre remains a 
yellow liquid, probably SCI 4 . (Casselmann.) 

Tetrachloride of Tin with Phosphoretted Hydrogen , 3SnCl 4 .2PH*. — The two bodies 
unite without production of hydrochloric acid ; the compound is solid. (Rose.) 

Nitric oxide is abundantly absorbed by tetrachloride of tin, forming a crynta Hi sable 
compound, which may be distilled, but, in contact with water or with moist air^is 
resolved into nitricoxide and stannic chloride (Kuhlmann, Ann. Ch. Pharm. xxxfx. 
319). According to Hampe {ibid, exxvi. 43), nitric oxide does not act on stannic 
chloride except in presence of oxygen ; but nitric peroxide and nitrotuT anhydride are 
absorbed by stannic chloride, forming a yellow mass, which contains stannic oxide 
together with a crystalline Bublimable compound, 3SnCl 4 .4NO*Cl. 

With 'St hylic oxide, stannic chloride forms the compound SnCl 4 .2(C a Ii*)*0, crys- 
tallising in shining rhombic plates, which melt at 80 u , volatilise without decomposi- 
tion, dissolve in ether, But are decomposed by water. — With ethylic oxalate it forms a 
CTystallisable compound, SnCl 4 .C*Il lc 0 4 , which is also decomposed by water (Lewy, 
Compt. rend. xxi. 371). It also forms cry stall isable compounds with several nitriles, 
as with acetonitrile, propionitrile, capronitrile , benzonitrile, &c. 

Double Salts. — Stannic chloride unites with the chloride of the alkali-metals and 
alkaline earth-metals, forming double salts, sometimes called chlorostannates : 
they are prepared by evaporating the mixed solutions of the component chlorides, and 
some of them form well-defined crystals. 

The ammonium-*aU, 2NH 4 CL8nCl 4 , separates, on mixing the concentrated solutions 
of the constituent chlorides, as a crystalline powder : from less concentrated solutions, 
it separates, on evaporation, in regular octahedrons or cubo-octahedrons^ of larger size 
and permanent in the air. This salt is also formed in tho preparation of stannic 
sulphide, or mosaic gold, from tin, sulphur, and sal-ammoniac, in which case it 
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sublimes in transparent octahedrons. The crystals dissolve in 3 pts. mnter at 14°, 
The concentrated solution is not decomposed by boiling; a more dilute solution decom- 
posesatthe boiling heat, with separation of stannic hydrate, which unites with any colour, 
ing-matter contained in the solution, so that the salt acts as a mordant. It is used jn 
calico-printing, under the name of pink s a It, for the production of red colours. The 
dry salt decomposes when strongly heated, giving off stannic chloride, and yielding a 
sublimate of white laminar crystals. 

The barium-, calcium and strontium-salts are ciystallisable, and their composition 
(according to Lewy) is represented by the formula M"CI 2 .SpGl 4 .6H 2 0. — Tlie magne - 
eium-mlt , Mg01 a .SnCl 4 .5H*0, crystallises in rhomljohedrons. 

The •potassium-salt , 2KCl.SnCl 4 , is prepared like the ammonium-salt, or by fusing 
1 at. stannic oxide with 2 at. potassium-hydrate, and dissolving in hydrochloric acid. 
It crystallises in octahedrons, which are permanent in the air, soluble rin water, and 
decomposed by heat (Boll ey ; Levy), — The sodium-salt , prepared like the potas- 
sium-salt, crystallises in rhombic laminae, permanent in cold, efflorescent in warm 
air (Bolley, Ann. Ch. Pharm. xxxix. 100). Wittstein (Report. Pharm. lniv. 7) 
obtained it in anhydrous deliquescent crystals. 

TXJT, OTAVIDfi OF. See Cyanides (ii. 273). 

TIW, HBTXICTZOnr AND BSTXHEA.TXOJT OF. 1. Blowpipe Reactions, 
— All tin-compounds, when heated on charcoal with carbonate of sodium or cyanide of 
potassium, yield a malleable metallic globule, without any incrustation on the charcoal. 
This globule, when dissolved in hydrochloric acid, gives, with mercuric chloride, a 
white precipitato, becoming grey when heated. 

2. Reactions in Solution. — a. Stannous salts. — Stannous oxide has no acid 
properties, tin being basylous in all stannous Balts. These salts are obtained by dis- 
solving stannous oxide in acids, the hydrate dissolving much more easily than the 
anhydrous oxide. They are colourless, and, in neutral solution, are partially decom- 
posed by water, with precipitation of a basic salt. They absorb oxygen from the air, 
forming stannic oxide, which is precipitated if there is not enough free acid present to 
hold it in solution. The reactions of stannous salts are most readily studied in the 
solution of the chloride. Thoy exert a powerful reducing action, converting ferric 
oxide into ferrous oxide, and precipitating silver and platinum in the metallic state 
from their solutions. — With mercuric chloride a white precipitate of mercurous chloride 
is formed, which, if the stannous salt is in excess, is further reduced to metallic mercury. 
— THchloride of gold produces a purple precipitate in stannous salts, consisting pro- 
bably of sesquioxide of tin in combination with protoxide of gold, a test by which 
stannons salts may always be distinguished. — Sulphydric acid produces, in neutral or 
acid solutions of stannous salts, a brown-black precipitate of stannous sulphide, which, 
whon gently heated with a considerable quantity of sulphide of ammonium containing 
excess of sulphur, is converted into stannic sulphide and dissolved ; acids added in 
excess to this solution, precipitate yellow stannic sulphide. — Caustic alkalis and alka- 
line carbonates , added to stannous salts, throw down a white precipitate of hydrated 
stannous oxide, soluble in caustic potash or soda, but not in ammonia. — Ferrocyanide 
of potassium produces a white precipitate, soluble in hydrochloric acid. Stannous salts, 
heated with sulphurous acid , yield yellow stannic sulphide and white stannic oxide. 

* 0. Stannic salts. — Stannic oxide in the anhydrous state is insoluble in all acids, 
even in nitromuriatic acid. It forms two hydrates, distinguished as stannic and 
m etas tannic hydrates, the former of which is an amorphous gummy substance, 
solublo in hydrochloric, sulphuric, and nitric acids, and in caustic alkalis, whereas the 
latter, formed from by it the action of strong nitric acid, is distinguished by its insolu- 
bility in acids, especially in nitric acid and in concentrated hydrochloric acid* 

The solution of stannic hydrate in hydrochloric acid iB identical with the 
aqueous solution of stannic chloride. It is distinguished from stannous solutions by 
not exerting any reducing action.-— Metallic sine and cadmium immersed in stannic 
solutions throw down metallic tin in an arborescent form. — Sulphydric acid and sul- 
phide of ammonium throw down the yellow disulphide, soluble in alkalis and in Bulphide 
of ammonium. — Ammonia throws down a white bulky hydrate, soluble, with some tur- 
bidity, in a large excess of ammonia. The presence of tartaric add prevents the 
precipitation. — Potash throws down a white bulky Hydrate (probably containing 
potash), easily soluble in excess. — Carbonate of potassium gives a white precipitate, 
consisting (according to Fr6my) of potassic stannftte, which dissolves in excess of the 
reagent, but separates completely after e while. — Bicarbonate of potassium and jgf- 
quicarbonate of ammonium throw down the hydrated oxide, insoluble in excess of jffit 
reagent.— Chloride of add gives no precipitate with stannic salts. . £ 

Metastannic hydrate, as already observed, does not dissolve in strong hydro- 
chloric acid, but forms with it a compound insoluble in acids, but soluble in pure lifter. 
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Th« rehatting solution is precipitated by dilute sulphuric acid, also by nitric and 
strong hydrochloric acid. — Potash throws down metas tannic hydrate, soluble in excess 
of the alkali, and reprocipitated by excess of acid, also by the chlorides of the 
alkali-metals, Chloride of ammonium, and sulphate of potassium. The alkaline solution 
of m etostannic hydrate solidifies to a transparent jelly on cooling.— 1 •Ammonia precipi- 
tates metastannic hydrate from its solution in very dilute acidj the precipitate is 
insoluble in excess of strong sulphuric acid, and in tartaric acid ; hence xnetast&nnio 
hydrate is precipitated by ammonia ©yen in presenc© of tartaric acid. — Alkaline carbo- 
nates precipitate the hydrochloric acid solution, th© precipitate being insoluble in 
excess of the reagent. — Nitrate of silver forms a white precipitate, which dissolves but 
partially in ammonia, leaving metastannic hydrate. — Tincture of galls forms, after a 
while, a yellowish-whit© precipitate. — Stannous chloride forms a yellowish precipitate 
of stannous -metastannate. — Sulpkydric acid and sulphide of ammonium react with 
metastannic in the same way as stannic solutions. 

Stannic and metastannic hydrates may be distinguished one from the other by 
their reaction with ferrocyanide of potassium , inasmuch as 1 at. stannic hydrate 
completely precipitates 1 at. ferrocyanide of potassium, whereas metastannic hydrate 
does not decompose that salt. 

Both stannic and metastannic hydrates react as acids, forming definite salts with 
bases. The solutions both of stannates and motastannatea, when decomposed by 
acids, yield precipitates consisting of the particular modification of stannic acid 
contained in them, which may then be distinguished by its behaviour with hydro- 
chloric acid, &c. 

Metastannic hydrate fused with a sufficient quantity of caustic alkali, forms a 
stannate from which acids precipitate ordinary stannic acid. 

3. Quantitative Estimation.— Tin is estimated in the state of stannic oxide, 
SuO 2 , which contains 78'62 per cent, of the metal. If the tin is united with other 
metals in the form of an alloy, the alloy must be treated with nitric acid of specific 
gravity about 1*3. The tin is then converted into insoluble metastannic hydrate, while 
the other metals (with the exception of antimony, gold, and tho platinum-metals) are 
dissolved by the acid. The insoluble residue must then be thoroughly washed, after- 
wards dried, ignited, and weighed as stannic oxide. To insure complete oxidation, 
tho alloy should be finely divided. 

When the tin is in solution in hydrochloric acid (which is its usual solvent), it may 
bo precipitated as a sulphide by sulphydric acid, and the sulphide then converted into 
stannic oxide by roasting in an open porcelain crucible, a small quantity of nitric acid 
being added to complete the oxidation. 

From solutions of stannic salts, tin may bo completely precipitated as stannic or 
metastannic acid by dilute sulphuric acid . The solution is first neutralised with 
ammonia, so as to cause a slight precipitate ; hydrochloric acid is then cautiously added 
till the precipitate is redissolved, care being taken to avoid any groat excess of acid. 
This solution is then mixed with sulphuric acid. If the liquid contains ordinary 
stannic acid (or the corresponding chloride), it must be largely diluted to insure com- 
plete precipitation ; if, on tho other hand, the tin is present ns inetustannic acid, it will 
oe completely precipitated by sulphuric acid from less dilute solutions. In all cases 
the precipitate must be left to settle for some hours, tile time required being longer 
as the quantity of free acid present is greater. It is then to be thoroughly washed, 
and ignited, to convert it into stannic oxide. To ascertain whet her the precipitation i» 
complete, it is advisable to test the wash- waters with sulphuretted hydrogen. 

Sulphate of sodium and nitrate of potassium, or ammonium are sometimes used, 
instead of sulphuric acid, to precipitate tin. Sulphate ot sodium does not appear, 
however to possess any advantage over sulphuric acid in this respect. The nitrates 
may be advantageously used when the solution contains bases which form soluble* 
sulphates. 

The mode of precipitation just described is very accurate, and affords a means of 
separating stannic from stannous salts, the whole of the latter remaining in solution 
after the precipitation of the stannic oxide by sulphate of sodium. (Ldwcnthal.) 

Another method of determining the proportions of stannic and stannous salt in a 
mixed solution of the two, is to divide the solution into two equal parts, convert the 
whole of the one into stannic salt by treatment with chlorine or chromate of potas- 
sium, and precipitate with sulphuric acid, as above ; this determines the total amount 
of tin present. The other portion is dropped into a solution of mercuric chloride , and 
the mercurous chloride thereby precipitated is collected on a weighed filter, washed, 
dried, and weighed. From its weight, the quantity of tin present as stannous salt 
maty be. calculated, 2 at. mercurous chloride (471) corresponding to I at. tin (118), 
present as stannous chloride, according to the equatiop: 

2IIgCl* 4- SuCl* - 2lIgCl SnCl\ 
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Volumetric Estimation. — Tin may be estimated volumetrically by mnr&rtisg « 
stannous into a stannic salt with oxidising solutions of Known strength. One at, 
stannous oxide , SnO, by taking up 1 at. oxygen, is converted into stannic oxide, SnO*: 
consequently, I at. oxygen (16) is equivalent to 1 at. tin (118)# The quantity of the 
oxidising solution required to effect the conversion is, however, materially affected by 
the greater ojr less dilution of the solution, the greater or smaller amount; of free add 
present, and the quantity of oxygen dissolved in the water. Penny (Cham. Soc# Qu. J. 
iv. 239 ; vii. 60), and afterwards St r eng (Ann, Ch. Pharm. xc. 411), used a solution 
of acid potassic chromate for the titration of tin; Schlagdenhauffen (J. Pharm. 
[31 xxxi. 96) uses manganato of potassium. 

Strong mixes the acid solution of stannic chloride with a little starch-p&Bte con- 
taining iodide of potassium, and then adds a graduated solution of acid potassium- 
chromate, till a blue colour is developed by the separation of iodine. The reaction 
takes place as shown by the equation, 3SnO + Ci^O* m 3SnO* + CriO*, so that 
1 at. tin (118) corresponds to £ at. acid potassium-chromate (IPC/riO* — 230*6). 
Streng and Penny found that 100 pts. tin required 83*2 pts of the acid chromate ; the 
calculated quantity is 83*4. According to K e s s 1 r r (Pogg. Ann. xcvL 129), the titra- 
tion by this method generally gives inaccurate results, for the reasons above mentioned. 
According to Mulder, the chromic acid solution ought to be titrated with pure tin, 
aud tho process conducted as far as possible under similar circumstances. According 
toLowenthal(J.pr.Chem. lxxvi. 484; lxxviii. 384), stannous chloride in acid solution 
maybe more exactly titrated after addition of ferric or cupric chloride. Stromeyer 
(Ann. Ch. Pharm. cxvii. 261) oxidises metallic tin, or stannous chloride, by dissolving it 
in excess of ferric chloride, whereby stannic and ferrous chlorides are produced : 


Sn + 4FeCl» = SnCl 4 + 4FeCl*, 
and SnCl 2 + 2FeCl 2 - SnCl 4 + 2FeCl*. 


Tho quantity of ferrous salt thus formed is determined by titration with perman- 
ganate, the ferrous salt being leHS susceptible to the action of froe oxygen than the 
stannous salt — and the quantity of tin is thence determined by calculation. In tho 
first case, 4 at, iron (224 grins.), or 2 at. oxygen added (32 grms.) correspond to 
1 at. tin (118); in the latter, 2 at. iron (112) or 1 at oxygen (16), correspond to 1 
at. tin (118) or 1 at. stannous chloride (189). If the tin is in the state of stannic 
oxide or clilorido, it must first bo reduced by introducing a plate of zinc into the solu- 
tion, and the precipitated tin then dissolved in ferric chloride, with addition of hydro- 
chloric acid. If it has boon precipitated from an acid solution as sulphide, this preci- 
pitate is also to bo dissolved in ferric chloride, a reaction which is attended with 
separation of sulphur : 

SnS 2 + 4FeCl« = SnCl 4 + 4FeCl 2 + S* 

The solution is then to be titrated as above, 4 at. iron corresponding to 1 at. tin. If 
the tin has been precipitated from an alkaline sulphostannate by an acid, the precipitate 
consists (according to Kuhn), not of pure stannic sulphide, but of stannic sulphydrate 
Sn w H 2 S a . The decomposition by ferric chloride then takes place as shown by the 
equation : 

SnlPS* + fiFcC!" - SnCl 4 + 6FeCl a + 2HC1 + S*. 

In this case 6 at. iron are equivalent to 1 at. tin. 

Lenssen (Ann. Ch. Pharm. cxiv. 113) titrates stannic chloride with iodine in 
alkaline solution. The tin or stannous salt is dissolved in hydrochloric acid in an 
atmosphere of carbonic anhydride, and sodio-potassic tartrate (Bochelle salt), or acid 
sodic carbonate, is added in excess ; the solution is then mixed with starch-paste, and 
a titrated solution of iodine in iodide of potassium is added, till a permanent blue 
colour is produced. Stannic iodochloride is then formed, according to the equation 
Sn"Cl a + !*•=■ Sn^CM*, so that 2 at. iodine (264) correspond to 1 at. tin (118). 

To determine volumetrically the relative quantities of stannous and stannic salt 
existing together in a solution, the liquid is first titrated directly by either of the pre- 
ceding methods, whereby the quantity of tin existing as Btannous salt is determined; 
and, secondly, after the stannic salt has been reduced to stannous salt, which gives the 
total amount of tin. 

4. Separation of Tin from other Metals . — In metallic alloys tin, as already observed, 
may be separated from most other metals except antimony, gold and the platinum-metals, 
by oxidising the alloy with nitric acid, whereby the tin is converted into insoluble meta- 
stannia acid, while silver, copper, lead, cadmium, iron, manganese, cobalt; nickel, and 
£Uic — and likewise bismuth, if a sufficient quantity of dilute nitric acid is used— -are 
dissolved. Tin, alloyed with metals which form volatile chlorides, may be separated 
by heating the finely-divided alloy in a current of chlorine gas ; stannic chloride then 
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volatilises, and may be condensed in water. This method serves to separate tin from 
■gold and the platinum-metals, which do not dissolve in nitric acid* 

Precipitation with att Iphydrio acid serves to separate tin from all metals whose buI- 
phidea are not thrown down by that reagent from acid solutions* From bismuth, 
cadmium, copper, lead, mercury, palladium, and silver, which are precipitated in the 
same mannes, it may be separated by digesting the precipitate myulphids of ammo- 
nium containing excess of sulphur. Stannic sulphide then dissolves, and may be 
precipitated by hydrochloric acid. 

Sulphide of ammonium also dissolves the sulphides of arsenic, antimony, gold, plati- 
num, molybdenum, selenium, and tellurium. The methods of separating tin from 
antimony and arsenic have already been fully described (i. 322, 369). From a solution of 
stannic chloride containing also the chlorides of gold and platinum, the latter metals 
may be precipitated in the metallic state by ferrous acetate, the tin then remaining in 
solution. If tin is mixed with theso metals in the form of oxide or other insOlublo 
compound, the three metals may be reduced by igniting the compound in hydrogen- 
gas, and the reduced alloy heatod in chlorine gas, as above described. 

From molybdenum, selenium, and tellurium, and from all metals which form 
soluble sulphates, tin, after being brought to the state of stannic chloride by treat- 
ment with chlorine or chlorate of potassium, may be separated, by precipitation as 
Bt&nnic or metastannic acid, with sulphuric acid. From barium, strontium, or calcium, 
it may be separated, in like manner, by nitrate of ammonium or potassium, 

6. Atomic Weight of Tin.—, Borzelius (Gilb. Ann. x. 236) found that 100 pts. 
tin, oxidised by nitric acid and ignited, yielded 127'2 pts. stannic oxide, SnO*: henco 
the atomic weight of tin should be 117*64. Mulder (Ann Ch. Pharm, Ixxii. 2121 ob- 
tained, in like manner, 127’66 pts. of stannic oxide, giving Sn =» 1161. Bum as (ibid, 
cv. 104; cxiii. 26), on repeating this experiment, obtained, as a mean, Sn «= 118‘06; 
and by determining the quantity of silver require! for precipitating a known weight of 
stannic chloride, the same chemist obtained Sn «= 118*09. The atomic weight of tin 
may therefore betaken at 118°. 

TXN, FLITOltZSXS OF. Tin forms two fluorides —viz., a difluoride and A tetra- 
fluoride. 

The Difluoride , or Stannous fluoride , SnF 2 , is obtained by evaporating the 
solution of stannous oxide in hydrofluoric acid, and crystallises in small, shining, 
opaque prisms, having a sweetish astringent tasto. When heated in the air, it takes 
up oxygen, and forms stannic oxyfluoride, Su^OP or SnO a .SnF*. 

Ammonio-stannous fluoride. — Stannous chloride yields, with fluoride of ammonium, 
a precipitate composed of metallically lustrous micaceous laminae, soluble in potash. 
(Unverdorben.) 

The Tetrafluoride , or Stannic fluoride, has not boon obtainod in the free 
state as a definite compound, but it forms cry a tall i sable double salts with other 
metallic fluorides. A solution of stannic hydrate in aqueous hydrofluoric acid coagu- 
lates like albumin when heated, but does not yield any crystals by evaporation ; when 
evaporated in contact with the air, it gives off hydrofluoric acid, and leaves the oxy- 
fluoride above mentioned. 

The fluostannates, 2MF.SnF* and M'^ShF 4 , are analogous in composition to 
the st&nnates, M 2 O.Sn0 2 , and isomorphous with the corresponding fluosilicates and 
fluotitanates. (Marignac, Ann. Min, [5], xv. 221 ; Jahrcsb. 1859, p. 110.) 

The ammonium-salt, 2NH 4 F.SnF l , is obtained by the action of hydrofluoric acid on 
atannate of amm onium, or, better, by double decomposition of the load- or silver-salt 
with sulphate or chloride of ammonium. The crystals, which are seldom distinct, are 
rhombohedral combinations, united in twins, or complex aggregates. — When evapo- 
rated with fluoride of ammonium, it yields the salt 4NH 4 F.SnF 4 , in distinct rhombic ( 
combinations. 

The barium-salt, BaTP.SnF 1 , is obtained, as a sparingly soluble precipitate, by de- 
composing the sin e-salt with chloride of barium. By slowly cooling a slightly concen- 
trated solution of this precipitate, or by spontaneous evaporation^ a hydrate, Ba"F*. 
Snl^.SIBO, is obtained in monoclinic crystalline laminae, but on evaporating the 
solution near its boiling-point, the anhydrous salt separates in microscopic indistinct 
crystals. 

The cadmium-salt , Cd"F*^nF 4 .6H ? 0, is isomorphous with the magnesium-salt. 

The calcium- and strontiuvn-salts form monoclinic crystals containing 2 at. wafer. 

The cupric salt, Cu"F**SnF 4 .4H t O, forms blue monoclinic crystals, permanent in the 

•b. 

The lead-salt, PbF # .SnF 4 .3H*O l crystallise* with difficulty in thin nacreous laminae, 
isomorphous with the trihyd rated barium-salt. It has a great tendency to form 
supersaturated solutions, which ultimately solidify in nodular crystalline masses. 
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By rooty^Olimrion from is decomposed, with separation of lead-fluo- 

ride. 

The lUhium-salt, 2LiF.SnF 4 .2H 2 0, rarely forms distinct monoclizzic crystals : gene- 
rally only crystalliue crusts, or indistinct microscopic crystals. 

The 7TU%p****Mn-aalt t Mg"F 2 .SnF*.6H*0, crystallises in hexagonal combinations, 
permanent ^ manganese-salt , Mn"F*.SnF , .6H 2 0, forms pale-rod shin- 
ing with the last, and gradually becoming dull on Exposure 

to the air.— The nWcet^safi', NiF*.SnF 4 .6H 2 0, is likewise isomorphous with tae magne- 
flium-fa.lt. , fc ; v 

. Tfop pot ostium-salt, 2KF.SnF 4 .H 2 0, is obtained by saturating a solution of potassio 
stannate with hydrofluoric acid, and evaporating, in laminar crystals, which dissolve 

2*3 ptk^df boiling water, and in 15 to 16 pts. water at 18°. Sometimes, espe- 
eialfy on recry stallising with addition of a drop of hydrofluoric acid, a salt, identical in 
pompositioii with that just described, is obtained in granular crystals having the form 
cjpmomhfc pyramids, soluble in 3 pts. boiling water and in 27 pts. water at 18°. The 
TflryStals of both kinds retain their water till heated above 100°, and melt at a red 
heat, with loss of hydrofluoric acid. — An acid potassium-salt , 2(2KF.SnF‘).(KF.HF), 
or 2 K 2 Sn l,r F*. KH F 2 , crystallises in needle-shaped monoclinic combinations. 

The 8ilver-satt K 2AgF.SnF 4 .4H 2 0, forms indistinct crystals, which melt below 100°, 
but do not give off their water till heated to a higher temperature, at which also 
hydrofluoric acid is given off. 

The sodium-salt, 2NaF.SnF\ has not been obtained in distinct crystals : it dissolves 
in 18 to 19 pts. of water at 20°. 

The zinc-salt, ZnF*.SnF 4 .6H 2 O f is isomorphous with the magnesium-salt, and easily 
soluble in water. 


TUT, IODISES Or. There are two iodides of tin analogous to the protoxide 
and dioxide. The existence of a sesquioxide, Sn 4 I°, is doubtful. A solution of iodine 
in iodide of potassium (1 at. iodine to 2 at. KI) docs not precipitate a solution of 
stannic chloride, but on evaporation a yellow powder is deposited, which may possibly 
be the sosqui-iodido. (Boullay.) 

pi -id did e of Tin, or Stannous Iodide . — This compound is produced: — 1. By 
heating 1 pt. of tin with 2 pts. of iodine till the iodine melts. A violent action then takes 
place, and a brown mass iB formed, consisting of stannous and stannic iodides, the 
latter of which may be separated by sublimation, while the stannous iodide, remains 
in the form of a red crystalline mass. — 2. By adding iodide of potassium in slight 
excess to a warm concentrated solution of stannous chloride, the liquid, ns it cools, 
depositing stannous iodide in yellowish-red needles. — 3. By the action of hydriodic 
acid on tin or the di chloride. When moderately concentrated hydriodic acid is placed 
in contact with strips of tinfoil, or with tin-filings, in a long glass tube, and kept in 
gentle ebullition for Hoveral days, or heated in a soalcd tube to 120° — 150° for some 
flours, stannous iodide is formed, in shining yellowish-red prisms (Wohler and 
Dunhaupt, Ann. Ch. Pharm. lxxxvi. 374). Tin, heated with iodide of amyl to 180°, 
in a sealed tube for some time, is converted, partly into yellowish-red quadratic octa- 
hedrons, partly into sulphur-yellow prisms, which quickly turn red in contact with the 
air : these compounds have not been analysed. 

Stannous iodide, heated in a close vessel, melts to a dark-red crystalline mass, yield- 
ing a cinnabar-coloured powder. When heated in contact with the air, it is decomposed, 
stannic iodide subliming, and stannous oxide remaining. It is slightly soluble in 
cold; somewhat more soluble in hot water, and is not decomposed thereby. A solution 
of stannous iodide is likewise formed by heating tin with water and iodine. Stannous 
iodide dissolves altfc6 in aqueous stannous chloride. 

Compounds of Stannous Iodide -— a. With stannous chloride.— An aqueous solu- 
tion of stannous chloride mixed with iodine, deposits stannous iodide ; and on evapo- 
rating the remaining liquid (which contains stannic chloride, stannous chloride, and 
■tannous iodide), stannous chlor iodide, SnOlI or SnCl*.SnI*, separates in stxaw~ 
yellow, non-volatile. crystals, which are decomposed by water, with separation of stan- 
nous iodide. (Henry.) 

fi . With stannous oxide. — Stannous iodide is decomposed by a large excess of 
water, forming hydriodic acid which dissolves, and stannous oxide which unites with 
the undecomposed iodide, forming, according to Person no (Conipt. rend. liv. 219), 
insoluble oxyiodides of variable composition, which are yellow, pulverulent, and are 
decomposed by a large quantity of water. Personne analysed four of these compounds, 
containing SnflO* «=> SnI*.2SnO ; Sn*I*0 — SuP.SnO : Sn*I 4 0 2SnI*J3nO ; 
8n«I«0 - SSnF.SnO. 

y. With ammonia. — 100 pts. stannous iodide absorb 20 pts. ammonia-gas, form- 
ing a white compound, which in the pure state is probably 2NH*J3nI* or iodide of 
stannammonium (N*H*Sn")I*- (R a m m ol s b erg, Pogg. Ann. xlviii. lf>9.) 



*. With othMf metallic Iodide*.— Stanpmtf toi&frwKer with the Iodide* of tha 
alkali-metals and alkaline earth-metals, forming doable salts, which may be obtained 
either by direct mixture of the solutions of the constituent iodides, or by mining a 
solution of stannoua chloride with excess of a metallic iodide. They must be 'crystal- 
lised from alcohol, as they are decomposed by water, forming Hannons oxriodidee. 
similar to those produced from stannous iodide and water. • 

The dtimomuw-salt, 2NH 4 LSnI*, forma greenish-yellow needlaP\Bo alia yTC"‘ jfc#* 
cording toTersonne, there is also a salt containing NH 4 LSttI*.|HX>. — The potassmm* 
salt, 2KI.SnI*, forms yellowish silky noodles, which, when heated In chlorine ga^yield 
stannic chloride, chloride of potassium, and free iodine (Bon Hay). PegTOnne like- 
wise obtained the hydrated salt, KI.SnI 8 .{jH s O. — The sodium-salt, N aI.SnX*,forma pale- 
yellow crystals. ^ ; ♦*-; 

Stannous iodide also forms cry stall! sable double salts with the iodides of barium fend 
strontium. 

Tetraiodids of Tit*, or Stannic Iodide , SnT 4 , is formed, together with stan- 
nous iodide, by heating tin-filings with iodine in a sealed tube, combination taking 
place with incandescence at 60°. It may be separated from the stannous iodide by its 
greater volatility. It- is also produced by the action of iodine on stannous chloride, or 
by dissolving stannic hydrate in hydriodic acid. (B e r ze I i u s.) 

Sublimed stannic iodide forms yellowish -red octahedrons, of specific gravity 4*696. 
It melts at 146°, solidifies at 142®, sublimes at 180°, and boils at 296°. It is decom- 
posed by water, completely at the boiling heat, into hydriodic acid and stannic hydrate. 
It dissolves in alcohol, ether, And benzene. 

Stannic iodide does not combine either with stannic hydrate, or with the iodides of 
the alkali-metals. It easily absorbs dry ammonia-gas, forming at first a yellow body, 
3NH*.SnI 4 , and by further assumption of ammonia, the two compounds, 4NH\fluI 4 
and 6NH s .Snl 4 . (Per sonne.) 1 

TIM. OXIDES OT. Tin forms three oxides: a protoxide, a sesquioxide, and a 
dioxide. 


Protoxide of Tin, or Stannous Oxide. SnO, — This oxide is produced: 

1. By heating stannous oxalate out of contact with air (Liebi g). — 2. By precipitating 
stannous chloride with carbonate of sodium, and heating the washed and (fried precipi- 
tate of stannous hydrate in an atmosphere of hydrogen or carbonic anhydride, to a 
temperature not exceeding 80° ; the anhydrous oxide is thus obtained as a brown or 
black powder (Berzelius). According to Otto, the hydrate sometimes changes to 
the black oxide on the filter, or on the sides of the precipitating vessel, where it is 
touched with a glass rod. — 3. Stannous hydrate, boiled with a quantity of caustic 
potash or soda less than sufficient to dissolve it, is converted into small, black, shining 
crystals of the anhydrous oxide (Fr4my, Berz. Jahresb. xxiv. 133 ; xxv. 172). — 4. A 
solution of stannous chloride is evaporated in contact with metallic tin, till a residue of 
the fused chloride is obtained ; this, after removal of the metallic tin, is heated with 
1 at. or more of crystallised sodic carbonate till it turnB black, and the stannous oxide 
thus produced is washed and dried. (Sand a 11, J. pr. Chem. xiv. 264.) 

Stannous oxide is a black powder, of specific gravity 6*666 (Berzelius); bluish- 
black or slate-grey (Sandall). The crystals obtained by the third process are, 
according to Nordenskjold, monomotric, exhibiting the combination ooO . ooOoc , have 
a specific gravity of 6*1, and yield a greenish-brown powder. When heated to 268°, 
they decrepitate, swell up, and are resolved into olive-green laminin, soft to the touch 
(Fr4 my). This olive-green modification is likewise obtained by boiling stannoua 

hydrate with excess of ammonia (G ay - Lu s a ac). A third modifiesgipn is obtained by 
evaporating a very dilute solution of sal-ammoniac in which hydrated stannous oxide 
is diffused, that compound being converted, as soon as the sal-ammoniac crystallises, 
into anhydrous stannous oxide having the /orm of a cinnabar-coloured powder 1 
(Frdmy). The red modification is also produced by digesting thoroughly-washed 
hydrate 1 stannous oxide, at a temperature of 133°, in a slightly acid solution of 
stannous acetate having a density of 1*06. The oxide is then obtained in heavy, hard, 
crystalline grains, which yield a greenish-brown powder by trituration, and blacken 
when exposed to sunshine. (Roth, Ann. Ch. Pharm. lx. 214.) 

Stannous oxide is permanent in the air at ordinary temperatures, but easily oxidises 
to stannic oxide when heated* When dry, it may be set on fire by a glowing body, and 
then burns to stannic oxide* It is reduced at a red heat by hydrogen or charcoal , 
and when heated before the blowpipe with carbonate of sodium (best with addition of 
cyanide of potassium), it yields I button of metal. — Heated in chlorine-gas it is con- 
verted into stannic chloride and stannic oxide. When ignited with sulphur, it yields 
■tannic sulphide and sulphurous anhydride. By boiling with caustic, potash or soda , 
it is converted into a stannate of the alkali-metai, with separation of tin.— With acids , 
it forms the stannous salts. 




Stannous Hydrate, 8n*E*Q' Um' 28nO.H*O t is obtained, as a wh/te>»emiteto, br 
decomposing a stannous salt with an alkaline carbonate* It dissolves in acids and in 
the fixed alkalis much more easily than the anhydrous oxide, but is insoluble in ammo, 
nia. When boiled with water or with aqueous alkalis, or when gently heated in the 
dryyt&te, it is converted into the anhydrous oxide. When exposed to the air, it 
gradually tehee uftoxygen, and is converted into stannic hydrate. When billed with* 
strong potalh4ey;it yields stannate of potassium and metallic tin. 

Stannous hydrate acts as a deoxidising agent, like the corresponding ehlorSle (p. 806), 
reducing some metallic oxides to metal, others to a lower state of oxidation. Its action 
on cupric oxide has been specially studied by Lens sen (J. pr. Chem, lxx-rrr, 90 . 
Jahresb, I860, p. 182). When a solution of stannous hydrate in alkaline carbonate is 
mixed with an alkaline cupric solution (prepared with cupric sulphate, tartaric acid, 
and sodic carbonate), a flesh-coloured precipitate is at flrst produced, consisting of 
cuprous and stannous oxides ; and on adding more cupric sulphate, a red precipitate is 
formed, containing cuprous and stannic oxides. When solutions of stannous and 
cupric oxide in caustic alkali are mixed together, cuprous oxide is precipitated, 
together with stannic oxide. — With excess of the tin-solution, a yellowish liquid is 
produced, which, when heated, deposits a black powder, composed of Cu 2 O.3SnO.Sn0 2 . 
5H 2 0. This compound acquires a tinge of green in drying, gives off 2 at. water at 
200S and when heated inrthe air, oxidises with incandescence, and then contains 
cuprous and Btannic oxides. — When a boiling solution of Btannous oxide in caustic 
alkali is mixed with a small quantity of alkaline cupric solution, a heavy black pow- 
der is deposited, which acquires metallic lustre by burnishing ; this body contains 
79*1 per cent, copper to 14- 8 tin ; therefore 10 at. copper to 1 at. tin and 3 at. oxygen : 
hence it appears to be an alloy of copper and tin mixed with cuprous or stannous 
oxide. 

Betqulodde of Tln f Sn a O*. — This oxido waB obtained by Fuchs, in combina- 
tion with water, by diffusing recently precipitated ferric oxide in a solution of stannous 
chloride not containing any excess of acid, and afterwards boiling the mixture. Ses- 
quioxide of tin is then precipitated, and ferrous chloride remains in solution : 

28nCl 2 + Fe 2 0* » Sn’O* + 2FeCl*. 

The sesquioxide thus obtained is a slimy grey matter, generally yellow from adhering 
oxide of iron. Ammonia dissolves it easily and without residue, a character which 
distinguishes this oxide from the protoxide of tin, the latter being insoluble, or nearly ( 
so, in ammonia. Sesquioxide of tin is dissolved by concentrated hydrochloric acid ; 
the taste of the solution iB not metallic. The solution is distinguished from that of a 
stannic salt, by producing the characteristic purple precipitate with chloride of gold. 
Sesquioxide of tin does not appear to form definite salts. 

Dioxide of Tin, or Stannic Oxide, StiO*. — This oxide occurs native as Tinstone 
or Cassiterite , being iu fact the principal ore of tin (p. 798). It forms quadratic crys- 
tal*, usually exhibitirg the combination P. a>P . Poo . 00P00 {fig. 322, vol. ii. p. 160). 
The prismatic faces are often but little developed, and Poo is often absent altogether. 
The combinations P . 00P , e»Pj|, and P . 00P . 3P§, likowise occur. For P, the 
length of the principal axis is 0*6743. Angle P*| P (terminal) « 121° 36' ; P : P (late- 
ral) — 87° 17'. Twins occur like fig, 323. The crystals cleave imperfectly paralBl 
to 00 P and 00P00 , and in traces parallel to P, The mineral occurs also in imbed<kgd 
and implanted crystals, and iu botryoi'dal or reniform shapes, with fibrous diver- 
gent structure, and composed of concentric coats, constituting the variety called wood- 
tin, or, when it occftrs in small lumps, toad s-eye-tin ; also massive, granular or impal- 
pable. Hardness ** 6 to 7. Specific gravity «* 6*3 to 7*1. Lustre adamantine; 
crystal* usually splendent Colour brown or black, sometimes red grey, or yellow; 
rarely colourless. Streak white, greyish, or brownish. Nearly transparent — translu- 
cent Fracture subconchoid&l, uneven. Brittle. 

Analyses.—a. From Schlackenwald, in Bohemia (Klaproth, Bet tr age, ii. 245). — 
6 . Alteraon, in Cornwall (Klaproth). — c. Finbo, near Fahlun, in Sweden (Berze- 
lius, Schw. J. xvi. 266). — d. County of Wicklow, Ireland: brown grains from the 
sand: specific gravity •» 6*753 (Mallet Dublin Geol. Soc. J. iv. 272). — e. Xeres, in 
Mexico: dark-brown wood-tin, yielding a red powder : specific gravity «£•' 6*862 
(Bergemann, Leonh. Jahresb. 1857, p* 395). — fi t g. From the of thsKT^niani 
river in Bolivia, occurring with gold, metallic tin, sn£ several other minerals: 
f. brownish, y. black; specific gravity jr 7*021 (D. Forbes, PhiL Ma&.T4], xxx. 
139 ): 
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A colourless specimen from the last-mentioned locality, of specific gravity 6*843 (also 
after strong ignition), was found by Forbes to consist of nearly pure stannic oxide. A 
specimen from Carabuco, in Bolivia, occurring in prisms of specific gravity 6*4, was 
found by Krober to contain 96-339 per cent, stannic oxide, 2*177 ferric oxide, 0-0116 sil- 
ver, 0*20 tungstic anhydride, 0*260 lead, and 1*737 water ( » 100*638). Chandler (Sill. 
Am. o. [2],xxxix. 340) found in a tinstone from Durango, in Mexico, about 96*9 per 
cent* stannic oxide, and 4‘1 topaz, in crystals of various size. 

Stannic oxide maybe crystallised artificially : — 1. By passing the vapour of stannic 
chloride mixed with aqueous vapour through au ignited porcelain tube ; larger crystals 
t are, however, obtained by diffusing the vapour of the stannic chloride through a stream 
* of dry carbonic anhydride, instead of volatilising it by heatVand then passing it, mixed 
with steam, through the ignited tube. The crystals thus obtained are colourless, with 
an adamantine lustre, ana a specific gravity of 6*72, and are hard enough to scratch 
glass : they are trimetric prisms, isomorphous with the variety of native titanic oxide 
called brookite, and therefore different from those of native tinstone, which are quad- 
ratic, and isomorphous with anatase. Stannic oxide is therefore dimorphous (Dau- 
b*/6e v Pharm. Centr. 1849, p. 821). — 2. By igniting amorphous stannic oxide in a stream 
of hydrochloric acid gas, the crystals being larger with a rapid than with a slow 
current of the gas. These crystals arc quadratic, like those of native tinstono (Deville, 
Compt. rend. liii. 1(11). — 3. The formation of crystallised stannic oxide has been ob- 
served to take place in fusing the dross or slag collected on the hearth of a furnace 
used for casting gun-metal. The crystals thus produced were very hard, brittle, four- 
sided prisms, similar in form to those obtained by DaubrAe. (Abel, Chem. Soc. Q,u. J. 
x. 119.) 

Amorphous stannic oxide is easily obtained by heating tin in contact with the air. 
A grey film is first formed, consisting of a mixture of stannic oxide and metallic tin, 
formerly called Civis jovialix (a name afterwards applied to stannic oxide itself) ; by 
further heating, it is converted into pure stannic oxide. Tin, when rapidly heated to 
its boiling-point, burns with a white flame, yielding flocks of stannic oxiae, formerly 
called Flores stanni , s. FI. Jovis. Stannic oxide* is also formed by igniting the prot- 
oxide or sesquioxide, or the corresponding hydrates, in contact with tho air. Stan- 
nous oxalate, heated in small quantities in contact with the air, yields very hard 
stannic oxide. (Yogel, Pharm. Centr. 1865, p. 4 1 3.) 

Amorphous stannic oxide is a white or yellowish powder, assuming, when heated, a 
transient dark-yellow or brown colour. Its specific gravity is 6*6 to 6*0 ; its cubical 
expansion, between 0° and 100°, is 0*0016 (Kopp), 0*0017 (Joule and Playfair). 
It is hard, and is therefore used for polishing Btone and glass, and for sharpening and 
polishing steel, &c. The oxide used for this purpose is called putty-powder; it is 
sometimes a mixture of the oxides of tin and load. 

Stannic oxide, whether crystallised or amorphous, is very difficult to fuse, and hot at 
all volatile. It is not attacked by acids, even in the concentrated state. According to 
Rose, it forms, when heated with the strongest sulphuric acid , a syrupy liquid, which 
deposits the whole of tho stannic oxide on dilution with water. Whon fused with 
acid sulphate of potassium , it dissolves, but separates completely from the fused mass 
on addition of water. It' is not dissolved by fusion with alkaline carbonates, but 
is rendered soluble by fusion with caustic alkali. Whan fused with sulphur, it 
yields sulphide of tin and sulphurous anhydride ; by ignition in chlorine-gas, it is con- 
verted into stannic chloride ; even natural tinstone is decomposed in this manner. It is 
reduced to the metallic state by ignition with hydrogen, charcoal, carbonic oxide, and 
carbureted hydrogen-gas ; also by heating with potassium and sodium . 

Stannic oxidejs much used in the preparation of enamel, to render the glass opaque, 
und in the manufacture of opaque glasses in general. 

-* 0TSXKXC HtDBATHS AMD SAI/TS. 

Stannic sonde forms two Bjfdrite#, differing from ons another in composition and 
properties— both however bring adds, and capable of forming salts by exchanging 
their hydrogen for metals. These hydrates -*>r acids are stannic acid, SnOMFO m 

Vox. V. 3 Q 
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mSht'O*, and me tas tannic acid, SnWSHW - JPlSbW, the Omar bring 
capable of exchanging the whole of ita hydrogen for metal, ahd forming the stannatef 
which contain M*Sn0 3 , whereas the latter exchanges only one-fifth of its hydrogen for 
metals, forming the metastanaates, JkPH^n 4 0 14 . Berzelius, who first observed the 
differences between these two acids, supposed them to contain different modifications of 
stannic oxide ; but the polymer ism of the two hydrates, and the diversities of composi- 
tion of their corresponding salts, is quite sufficient to account for their' differences of 
character without the aid of any such hypothesis (Fr 4 my, Ann. Ch Fhys.j3], xii. 
462 ; xxiii. 393). According to R. Weber, however (Pogg. Ann.cxxii. 368; Jahresb. 
1864, p. 243), stannic and m etas tannic acids exhibit no essential differences in their 
behaviour towards bases. Ho finds, indeed, that normal stannate of potassium can take 
tip a large quantity of stannic hydrate, forming a clear solution, which, when evaporated 
over oil of vitriol, leaves a hydrated salt containing 1 at. K 2 0 to 5 at. SnO*; and that 
m eta stannic acid dissolved to saturation in potash-ley, and evaporated in like manner, 
yields a salt containing 1 at. K*0 to 6 or 7 at. SnO*. Hence Weber concludes that 
the relations of stannic and metastannic acids to bases are not essentially different, 
and that their supposed polymeriam has no existence ; but his results require con- 
firmation. 

Stannic Acid. — This hydrate is precipitated by acids from solutions of alkaline 
stan nates, also from the solution of stannic chloride by a carbonate of barium or cal- 
cium, not in excess ; alkaline carbonates throw down an acid stannate. When dried 
in a vacuum, it has the composition SnO 2 H*0 = SnH*0* ; after drying in a stream of 
dry air, it contains 22-5 per cent, water, corresponding with the formula 3Sn0*.7H*0, or 
3SnH*0*.4H*0 ; and at 140° it gives off 6 at. water, leaving the hydrate 3SnO* 2H 2 0, 
which has the same composition as metastannic acid dried at the same temperature. 

(p. 820). 

Stannic acid, when recently precipitated, is gelatinous ; after drying in the air, it 
forms hard translucent lumps, like gum-arabic, which redden litmus. According to 
Weber, stannic acid dried in the air at ordinary temperatures contains SnO*.2H*0, 
and has therefore the same percentage composition as air-dried metastannic acid. 

Stannic hydrate dissolves in the stronger acids, forming the stannic salts. These 
salts are also formed by exposing solutions of stannous salts containing excess of acid to 
the air, or by treating thorn with chlorine, or with a small quantity of nitric acid. The 
solution of stannic hydrate in hydrochloric acid is identical with aqueous stannic 
chloride. The.stannic salts of oxygon-acids are very unstable. The general reactions 
of the stannic salts have been already described (p. 810). The individual salts are 
described under the respective acids. 

Stannates. — Stannic hydrate exhibits acid much moro decidedly than basic pro- 
perties. It forms easily soluble salts with the alkali-metals, and from these the 
insoluble stannates of the earth-metals and heavy metals are obtainod by double 
decomposition. The Btannates are decomposed by acids, yielding gelatinous stannic 
acid. The general formula of the normal stannates is M a Sn ,T 0 !l = IkPO.SnO*. They 
have been examined chiefly by Fr4my (too, ci7.)and Moberg. (j! pr. Chem. xxviii. 
230.) 

Stannate of Ammonium . — An acid salt, (NII 4 )*SnO*.SnO s .xH*0, remains as a 
yellowish jelly on evaporating an ammoniacal solution of stannic acid over oil of 
vitriol (Moberg). A stannate of ammonium is also precipitated, on mixing a solu- 
tion of potassic stannate with sal-ammoniac, as a gelatinous mass, which dissolves in 
pure water, but is reprecipitated by ammonia. (Berzelius.) 

Stannate of Potassium, K^nO 1 * K'O^nO*, is prepared by dissolving 
stannic acid in potaBh-ley, or by fusing metastannic acid or anhydrous stannic oxide 
with hydrate of potassium, till a sample mixed with nitric acid gives a precipitate 
which redissolves in excess of nitric acid. The solution, evaporated over oil of vitriol, 
yields transparent rhombic prisms, containing K*SnO , .4H ; O l according to Fr4my ; 
K 2 Sn0*.3H*0, according to Moberg ( loc . cit.), Marignac (Ann. Min. [3], xv. 277)» 
and Ordway (Sill. Am. J. [21, xl. 173). Marignac prepares the salt by gradually 
adding 30 pts. metastannic acid to 80 pts. fused hydrate of potassium till the mixture 
boils up. The mass, if it has not been too strongly heated, dissolves almost wholly in 
water ; and on evaporating the liquid, the salt is obtained in crystals, which are rhom- 
bohedral combinations, often forming twins, and always with curved faces. 

Ordway prepares pure stannate or potassium by mixing the solution of the crude 
commercial salt (obtained by igniting tin with hydrate and nitrate of potassium) with 
an equal volume of strong alcohol, repeatedly treating the syrupy layer which separates, 
with alcohol, pressing the pasty mass ultimately obtained (which still contains free 
alkali), then dissolving it in water, and washing with alcohol. The concentrated solu- 
tion evaporated in a vacuum yields the salt in hard, transparent, monoclinic crystals, 
of specific gravity 3 a lB7. 
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Stannate «f potassium gives off its water at a red beat. It hm an alkaline reaction, 
dissolves easily in water, but is insoluble in alcobol. According to Ordway, 100 
pts. water, at 10°, dissolve 106*8 pts. of the salt, forming a solution of specific gravity 
1618 ; and at 20°, the same quantity of water dissolves 110*5 pts. of the salt, forming 
a solution of specific gravity 1*627. The aqueous solution is precipitated by chloride 
of ammonium, bnt not by chloride of potassium or sodium. ^Dilute acids do not form 
a permanent precipitate till three-fourths of the alkali are neutralised* A solution, 
neutralised up to this point, yields, with alcohol, a white floceulent precipitate of potassio 
metastannate. (Ordway.) 

Stannate of potassium is used in calico-printing for the same purposes 
as stannate of sodium, and is prepared, on the large scale, by similar processes 
(infra), 

Stannate of Sodium , Na*SnO* *» Nu 2 0.Sn0 5 , is formed in the same manner as 
the potassium-salt, and separates from the alkaline liquid, on heating, in the crystal- 
line form ; by solution in water, it is obtained in line hexagonal plates, containing 
Na J Sn0“.3H 2 0 (Moberg; Hamm els berg ; Ordway). Marignac, by proceeding 
in the same way as for the preparation of the potassium-salt, obtains stannate of 
sodium in rhombohedral crystals, with curved faces. Ordway obtains pure stannate 
of sodium as a crystalline precipitate, by adding acetate of barium to the aqueous 
solution of the commercial salt, and mixing the filtered liquid with about an equal 
volume of alcohol. If only so much alcohol be added as not to produce permanent 
turbidity, the salt separates in transparent crystals. H. Jonas (Chem. Ceiitr. 1866, 
p. 607), by reciystalnsing the commercial salt, obtained pure sodic stannate, in oblique 
rhombic prisms containing Na 2 Sn0*.9H 2 0. 

•Stannate of sodium is less soluble in warm than in cold water, and consequently 
separates on heating a solution prepared in the cold. According to Ordway, 100 pts. 
water dissolve 67*4 pts. of it at 0°, and 61*3 pts. at 20°. According to Ilaeffely 
(Dingl. pol. J. cxliv. 66), a solution of sodic stannate, of specific gravity 1*3, deposits, 
when heated, crystals of the composition above given ; on cooling, however, these crys- 
tals rcdissolve, so that the solution acquires a specific gravity of 1*35 ; it then gradu ally 
deposits crystals containing Na*SnO*.8H a O, the aqueous solution of which yields 
immediately when heated, and in the course of some weeks at ordinary temperatures, 
crystalline metastannate of sodium. 

A solution of stannate of sodium is used in calico-printing as a “ preparing salt ,”or 
mordant, chiefly for fabrics composed of wool and cotton together; it serves to render 
the cotton-fibre more susceptible of taking the dye, so that the whole fabric, when 
taken out of the dye-bath, or the steam-chamber, may exhibit a uniform depth of 
colour. The dilute solution, when brought in contact with the fibre, deposits stannic 
hydrate upon it, which binds the colouring- matter, the action being assisted . by boil- 
ing, by the influence of atmospheric carbonic acid, or by the addition of a little sul- 
phuric acid or sal-ammoniac to the bath. 

Stannate of sodium is prepared, on the large scale, for these purposes by fusing 
tinstone with hydrate, nitrate, chloride, or sulphide of sodium ; by boiling the tin-ore 
with caustic soda-ley; by fusing metallic tin with a mixture of carbonate and nitrate 
of sodium, or heating it with soda-ley mixed with nitrate and chloride of sodium, and 
evaporating the solution in an iron pot till it becomes heated to the melting-point, of tin. 
ttaeffely prepares it hy heating soda-loy with tin and litharge ; stannate of sodium 
is then formed, and metallic lead separated in the form of a sponge, which quickly 
reoxidises when heated in contact with the air. In this process, tin containing lead, or 
the cuttings. of tinplate (tinned iron), may be used instead of pure tin. [For details 
of the several manufacturing processes, see Richardson and Watts’s Chemical 
Technology , vol. i. pt. iv. p. 35, and pt. v. p. 342.] 

An areenio-stannate of eodium , rta , 0.6Sn0 ! *.2As 2 0* + 6aq., is sometimes used in • 
English dyehouses and printworks. It is prepared by adding nitric acid in excess to 
a boiling solution of stannate and arsenate of sodium containing an excess of the 
latter, and treating the resulting gelatinous precipitate, 2SnO*. As'OM 0H*O, with 
excess of soda. The arsenio-Btannate then separates in shining needles, while ordi- 
nary stannate of sodium remains in solution. This arsenical salt is said to be more 
economical in use than the ordinary stannate ; but it does not produce brighter colours 
than the latter, and is likely to be prejudicial to the health of the workmen. (H a t> ffely, 
Hincb poL J. cxl. 290.1 

The stannatee of harixun, calcium, and strontium may be prepared by boiling 
a solution of the potassium- or sodium-salt with the hydrates or carbonates of the alka- 
line earth-metals, or by calcining a mixture of tin-ore with lime, baryta, or strontia, 
or with the corresponding nitrates at a high degree of heat in a reverberatory furnace. 
Tl».-se earthy stannates, when decomposed by hydrochloric acid, yield pure stannic 

3 o 2 
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arid which may be used for the preparation of the alkaline stannatea. {Jam*. 
Young’ spatent, 1848 , No. 12,369, and 1849, No. 12,744.) - m *' 


pigment, may be prepared by adding a solution or l at. un (lie ms.) m mtipmanatic 
acid, to a solution of 1 at. curric sulphate (250 pts.), then adding caustic soda in 
excess, and washing and drying the resulting precipitate ; or by igniting 100 pts. 
nitrate of sodium with 59 pts. tin, dissolving the mass in water, and using the solution 
to precipitate cupric sulphate (Gen tele). — The cuprous salt, which has not yet been 
obtained pure, is formed, together with other products, in the action of stannous hydrate 
on cupric oxide, both in alkaline solution (p. 816). 


Mkt as tannic Acid, Sn 4 H l0 O ,s =.' Sn 5 O ,0 .5H a O. — Produced by the action of 
nitric acid upon tin. Tin treated with strong nitric acid is completely transformed 
into a white powder, which, when dried in the air at ordinary temperatures, contains 
SnK) 10 .10H a O =■ Sn*lI l0 O ,5 .5H a O, or 5SnO 2 .10H 2 O ; but when heated for some time 


to 100°, it gives off 5 at. water, and is reduced to Sn s H |,, O l4 l or 6Sn0*.5H 2 0. At 140° 
it gives off more water, leaving the hydrate 3Sn0*.2H 2 0 (or 5Sn0*.4H 2 0, according to 
Fremy’s later statements) ; at 160° it is converted into &Sn0 2 .3H 2 0, and at a red heat, 
into anhydrous stannic oxide. 

According to Weber, nitric acid of specific gravity 1*2 converts tin, at ordinary 
temperatures, into stannous nitrate, stannic acid, and metastannic acid, which is coloured 
yellow by admixed stannous metastannate. With nitric acid of specific gravity 1*35, 
the products, if the liquid is well cooled, are metastannic acid [? stannic] and stannic 
nitrate ; by dilution and heating, the stannic acid is converted into insoluble meta- 
stannic acid, which indeed is always produced under the influence of heat. 

Metastannic acid is white, crystalline, insoluble in water, and in nitric acid. It 
takes up hydrochloric or sulphuric acid without dissolving in it. 

The sulphuric compound is decomposed by water, which removes the whole of the 
sulphuric acid. The compound with hydrochloric acid dissolves in pure water, but is 
precipitated from the solution by strong hydrochloric acid. On distilling the solution, 
hydrochloric acid is given off, with only traces of stannic chloride, and metastannic 
acid remains. According to Weber, the solution, evaporated over oil of vitriol, leaves 
a residue consisting of SnCl 4 .3Sn0 z .5H 2 0. The same solution becomes turbid on 
boiling, and by prolonged ebullition with fresh quantities of water, the whole of the 
metastannic acid Is separated, the more quickly as the solution is more dilute (Fr6my). 
(For the reactions of the hydrochloric acid solutions with acids, alkalis, &c.,seep. 811). 
A diluto solution of ordinary stannic acid in hydrochloric acid undergoes a gradual 
clmngo, and, after some time, exhibits the characters of a solution of metastannic acid. 
The transformation is quicker as the solution is moro dilute, and in very concentrated 
solutions it does not take place at all ; in a dilute solution also, the change may be pre- 
vented by addition of tartaric acid. The gradual transformation of stannic into meta- 
stannic acid may be recognised by the reaction of the solution with sulphuric acid, 
stannous chloride, ammonia, tartaric acid, and forrocynnide of potassium (p. 811). 

On the other hand, metastannic acid is converted into normal stannic chloride by 
prolonged digestion with strong hydrochloric acid, especially at the boiling heat. 
When heated in dry hydrochloric acid gas, it yields a distillate of stannic chloride, 
from which ordinary stannic acid may be obtained. By fusion with excess of a caustic 
alkali, metastannic acid is completely converted into ordinary stannic acid. 

Metastannates. — These salts may for tho most part be represented by the formula 
M 2 H 8 Sn 5 O u , or M 2 0.4H z 0.5Sn0*. They exist only in the hydrated state, being decom- 
posed when deprived of their basic water. Ldwenthal supposes that pure' metastannic 
acid doos not unite directly with alkalis, but that the so-called metastannates are mix- 
tures of ordinary stanuates with metastannic acid, the quantity of this acid contained 
in them being less in proportion as the acid used in their preparation had been 
more completely converted into ordinary stannic acid : hence the variations which have 
been observed in tho composition of some of these salts, 

M etastannic acid dissolves slowly in alkalis, and is gradually deposited in its 
original state, as tho solution absorbs carbonic acid from the air. From solutions of 
the alkaline metastannates, acids throw down metastannic acid, insoluble in nitric 
acid, but soluble in ammonia, whereas the original metastannic acid formed by the 
action of nitric acid upon tin is insoluble in ammonia. 

The metastannates of potassium and sodium, heated with excess of base, are trans- 
formed into stannates. They are soluble in water. The other metastannates are 
insoluble, and are obtained by double decomposition. 


Metastannate of Potassium, E^BPSnK) 1 *, is prepared by dissolving metastan- 
nic acid in cold potash ; it may be precipitated in the aolid state by adding pieces 
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of potash to the liquid. It is gammy, uncrystalli sable, and strongly alkaline. At a 
red heat, it gives off its water, and is decomposed ; the calcined mass, digested in 
water, yields up all its alkali, and leaves nearly pure stannic oxide (Fr6my).-— 
Another metastannate of potassium, containing, according to Weber, KU^S^O 1 * or 
K*0.3H 9 0.7Sn0 a , was prepared by Bose, by adding caustic potash-ley to the solution 
of metastannic acid in hydrochloric acid, till the precipitate at first formed was re- 
dissolved, and then precipitating with alcohol. This salt is soluble in water; the 
solution, when heated, does not become turbid, but gelatinises after a while ; it is pre- 
cipitated by potash and by many salts, and leaves a gummy residue when evaporated. 

Metastannate of Sodium , Na'H^Sr^O 15 , is obtained like the potassium-salt, is 
white, crystallo-granular, and dissolves slowly but completely in water. The aqueous 
solution decomposes when gently heated, and on boiling, deposits the whole of the meta- 
staunicacid (Fr 6 m y). Hueffely describes another sodium-salt, Na*H # Sn*0 ,5 .4H*0, which 
wna deposited from a solution of the ordinary stannates, slowly at ordinary tempera- 
tures, more quickly when heated. |, 

Stannous Metastannate , (Sn"H 8 )Sn s O ,s « SnO.SSnO* 4H 5 0.— Frimy formerly as- 
signed to this compound the formula Sn0.3H*0.3Sn0 3 ; according to Schi ff (Ann. 
Ch. Pharm. cxx. 47), it is Sn0.6Sn0*.4H J 0 ; according to Tschermak (Chem. Centr. 
1862, p. 305), Sn0.6Sn0.9H*0. It is formed by placing motastannic acid in contact 
with stannous chloride. It is yellow, and insoluble in water; at 140° it gives off 
water, and becomes brown-black, or, if dried in a stream of carbonic anhydride, cinna- 
mon-brown (Schiff) ; dark-brown (Tschermak). When treated with nitric acid, or 
heated in contact with the air, it takes up oxygen, and is converted into metastannio 
acid. It dissolves in potash, and the solution, when boiled, deposits tin like othor 
stannous salts. Hydrochloric acid dissolves it, forming a solution of stannous chloride 
and hydrochlorate of metastannic acid. 

When a solution of hydrochlorate of metastannic acid is mixod with dissolved 
stannous chloride, a yellowish precipitate is formed, perhaps identical with the body 

just described. A similar yellow body, containing, according to Schiff, (Sn’ / H ,0 )Sn 6 O l * 
or Sn0.68n0 2 .5H 2 0 l is formed by the action of stannous ehloridoon ordinary stannic acid. 

When stannic oxide is heated in an atmosphere of carbonic anhydride or ammonia, 
a brown oxide is formed, containing Sn"O lfl , oither Sn0.7Sn0* or Sn 2 0 s .6Sn0 1 *. (T s cher- 
m a k.) 

Stannons chloride does not act upon normal stannic chloride ; but with anhydrous 
stannic oxide it forms a chocolate-brown powder, containing Sn a1 0 41 or SnO.20SnO J . 
This subBtance does not turn yellow when boiled with water ; it is less easily attacked 
by acids than the hydrated yellow compound ; but when fused with alkalis it is easily 
convorled into alkaline stannate. 

TW, OXTCHKOEIBB Of 1 . See p. 807. 

Tnr, OXTTLVOEZBfl or. See p. 813. 

Tiar, OXYXODXDJB or. Seep. 8 1 4. 

PHOSPHIDE or. — o. Formed by throwing phosphorus upon melted tin, 
or by fusing together equal parts of tin and glacial phosphoric acid, whereby stannic 
or stannous, phosphate is likewise formed (Pelletier, Landgrebe, Schw. J. iv. 108). 
The compound may also be formed by heating ina blast-furnace for an hour, 6 pts. 
of tin-filings or 8 of stannic oxide with 1 charcoal, 10 bone-ash, 5 pounded quartz, and 
5 boracic acid (Berthier, Ann. Ch. Phys, [2] xxxiii. 180). It is silver-white (load- 
coloured, according to Berthier) ; it may be cut with the knife; extends under the 
hammer, but at the same time splits into laminae. Contains from 13 to 14 per cent, of 
phosphorus, which burns away on the application of heat (Pelletier). — fi. When the i 
compound of stannic chloride with phosphoretted hydrogen is decomposed by water, 
the phosphoretted hydrogen, as it escapes, reduces the stannic chloride to the state 
of stannous chloride, and at the same time precipitates phosphide of tin in the form of 
a yellow powder, which remains fora long time suspended in the liquid, and oxidises 
readily in the air. When washed and dried out of contact of air, it exhibits the phos- 
phorus-flame before the blowpipe. When ignited in hydrogen-gas, it gives up its 
Phosphorus, amounting to 65*43—56*88 per cent., and is converted into metallic tin. 

(H. Bose, Pogg. Ann. xxiv. 326.) 

Tnr, SS&avzSBB OP. The protoselenide , SnSc, is produced, with incandes- 
cence, when tin is heated with selenium (Be Melius) ; according to U el sm an n (Ann. 

C-h, Pharm. cxvi. 124), it is also formed even when tin is heated with excess of sele- 
nium. It is light-grey with metallic lustre, coarsely laminar with crystalline fracture, 
nnd easily cleavable. It doed not melt in a glass tubs, or decompose when heated in 
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hydrogen-gas; but when heated in contact with the air, it burns without melting, giving 
off selenium, and forming stannic oxide. The protoselenide is also formed, when selen- 
hydric acid gas is passed into protochloride of tin, as a dark-brown precipitate, which 
dries up to a nearly black powder, soluble in caustic alkalis and in sulphides of alkali- 
metals. 

The dmlenide , or Stannic selenide , SnSe 2 , is formed by precipitating aqueous stannic 
chloride with selenhydric acid. It is a glittering, dark, yellowish-red precipitate, 
becoming light red-brown when dry. When heated in hydrogen-gas, it gives off 
half its selenium ; it dissolves in caustic alkalis and alkaline sulphides, the solution 
quickly depositing sulphur when exposed to the air. 

According to Little (Ann. Ch. Pharm. cxii. 213), stannic selenide is also formed by 
heating tin in selenium- vapour, and is then a tin-white, metallically lustrous mass, 
having a concho'idal fracture, and a density of 6T33: it is easily fusible, is not 
attacked by hydrochloric acid, but is easily decomposed by nitric acid; dissolved by 
liitrom uriatic acid. 

TIN, BU17EXDBS OP. There are three sulphides of tin corresponding to the 
oxides; the scsquisulphide, however, is perhaps a compound of the other two. 

The proto sulphide, or Stannous sulphide, SnS, is formed, with vivid incan- 
descence, when finely-divided tin, such as tinfoil, is heated with sulphur. The 
resulting mass generally contains metallic tin, and must therefore be pulverised, and 
repeatedly heated with sulphur in a close vessel. Stannous sulphide thus prepared is 
a dark, lead-grey, lamino-crystalline mass, of specific gravity 4‘8 (Karsten) ; 5*2 
(Boullay), somewhat tough, difficult to pulverise, and less fusible than tin. Becque- 
rel has obtained it by electrolytic action, in white metallically lustrous cubes. 

The same compound is obtained, as a brown-black amorphous precipitate, by passing 
sulphydric acid gas into the solution of a stannous salt. This amorphous sulphide 
may, however, be rendered crystalline by adding it by Bmall portions, after washing 
and drying, to anhydrous stannous chlorido in the melted state, as long as it is taken 
up thereby; then leaving tho dark-brown liquid to cool, dissolving out the stannous 
chloride by dilute hydrochloric acid, and removing an admixed dark-brown powder by 
levigation; stannous sulphide then remains in small, thin, lead-grey, metallically 
lustrous laminae, greasy to the touch, and having a specific gravity of 4*973. (Schnei- 
der, Pogg. Ann. xcv. 169.) 

Stannous sulphide dissolves in boiling hydrochloric acid, giving off sulphydric acid, 
and yielding a solution of stannous chloride. It dissolves but slightly in monosulphide 
of ammonium, even when freshly precipitated, but easily in solutions of alkaline poly- 
sulphides, or of tho monosulphides mixed with sulphur, tho protosulphide of tin in 
eithor case being converted into disulphide. It is slowly oxidised by heating with 
nitric acid. — Chlorine-qas , at ordinary temperatures, converts it into liquid stannic 
chloride, and a crystalline compound of that substance with tetrachloride of sulphur 
(H. Bo so): 

2SnS + 8Cl a '» SnCl* + SnCP.2SCl«. 

When heated in hydrogen -gas, it is slowly reduced to the metallic state.— By fusion 
with cyanide of potassium , it yields sulphocyanate of potassium and metallic tin. 

Scsquisulphide of Tin , Su 2 S : \ is produced by gently igniting an intimate mixture 
of 3 pts. stannous sulphide and 1 pt. sulphur in a retort. 100 pts. of stannous 
sulphide thus treated, take up 10*5 pts. of sulphur. It is groyish-yollow, with metallic 
lustre. When strongly ignited in a close vessel, it gives off one-third of its sulphur. 
— With potash-ley it yields a solution of potassic stannate and sulphostannate, and 
a residue of stannous sulphide. Concentrated hydrochloric acid converts it into 
disulphide of tin, leaving half the tin in the form of protoxide. The same compound 
separates, in the form of a liver-coloured powder, on digesting a saturated solution of a 
sulphostannate with disulphide of tin. By digestion with caustic potash, it is con- 
verted into tho black protosulphide. (Berzelius.) 

Disulnhide of Tin, or Stannic Sulphide, SnS 9 . Sulphostannic acid . — This 
compound may be produced either in the dry or in the wet way. It cannot, however, 
be obtained by simply heating tin with sulphur, because the union of tin and sulphur 
is always attended with great development of heat, sufficient to resolve the disulphide, 
if formed, into protosulphide and free sulphur. This decomposition may, however, 
be prevented by adding to the mixture certain volatile substances, such as mercury 
or sal-ammoniac, which, in passing into vapour, will render latent a certain portion of 
the heat evolved, and thns keep down the temperature. According to L. Gm el in, how- 
over, sal-ammoniac, when present, takes a direct part in the reaction, which then 
consists of two stages; first, the formation of ammonio-stannous chloride, with 
evolution of hydrogen and ammonia: 

Sn + 4NH'0l « 2NlI«Cl.!?nCl 9 + H* + 2NH*; 
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snd, secondly, the formation of stannic sulphide and ammonio-st&nnic chloride, by the 
action of the sulphur on the ammonio-stannous chloride : 

2(2NIPCl.SnCi*) + S* = SnS* + 2NH 4 C1.8nCl* + 2NH«CL 
The following are some of the mixtures used : 

a. Protochloride of tin and sulphur (Proust). — b . Equal parts of sifted tin-filings, 
sulphur, and sal-ammoniac (Pelletier). — c. 4 pts. of tin-filings, 3 pts, sulphur, 
2 pta. sal-ammoniac (Woulfe). — d. A pulverised amalgam of 2 pts. tan and 2 pts. 
mercury, with 14 pt. sulphur and 1 pt sal-ammoniac (Th 6 nard). — e, A pulverisod 
amalgam of 12 pts. tin and 6 pts. mercury, with 7 pts. sulphur and 6 pts. sal-ammoniac 
(whereby lj pt. of volatile liver of sulphur, 13J pts. sublimed matter, and 16 pte. of 
flue, ana for the most part Bublimed, mosaic gold are obtained) (Woulfe).— /. A 
pulverisod amalgam of 12 pts. tin and 3 pts. mercury, with 7 pts. sulphur and 3 pts. 
sal-ammoniac. — g. 2 pts.stannous oxide and 1 pt. sulphur. — h. 8 pts stannic oxide, 
7 pts. Bulphur, and 4 pts. sal-ammoniuc (Woulfe). — t. 10 pts. stannous sulphide, 
6 pts. sulphur, and 4 pts. sal-ammoniac (Woul fc). — k. 5 pts.stannous sulphide, 
1 pt- stannous chloride, and 2 pts. sulphur. — l. 5 pts. stannous sulphide and 8 pts. 
mercuric chloride; this mixture yields a very beautiful preparation. (Woulfe.) 

Either of these mixtures is slowly heated to redness in a glass retort or a loosely 
covered flask, immersed in a sand* bath. Vapours of mercury, sal-ammoniac, &c. are 
then given offj afterwards the excess of Bulphur ; while the stannic sulphide 
partly remains at the bottom of the vessel, and partly collects in the upper portion, as 
a sublimate consisting of soft goldon-yellow or brownish-yellow lamina?, unctuous to 
the touch, having a metallic lustre, and a specific gravity of 4 60, according to 
Karsten — 4’4, according to Boullay. This crystalline stannic sulphide is commonly 
called mosaic gold, Aurum mosaictcm , s. musivum, and as such was known to tho 
alchemists. Stannic sulphide is likewise obtainod in gold-coloured spangles, by 
passing the mixed vapours of stannic chloride and hydric sulphide through a porce- 
lain tube heated to dull redness. 

Mosaic gold is sometimes used, in place of the amalgam of tin and zinc, for coating 
the rubbers of electrical machines; it produces powerful excitation, requires no grease, 
and does not stick to the glass. 

Stannic sulphide is obtained in the amorphous state by passing milphydric acid into 
n solution of stannic chloride, or of a stannic salt acidulated with hydrochloric acid. 
The resulting light-yellow precipitate, aftor drying, is yellowish -brown and somewhat 
translucent, still contains a certain quantity of water, and do crepitates when heated. 

Stannic sulphide, ignited in a close vessel, is resolved into sulphur and stannous 
sulphide, a portion, however, subliming without decomposition; in contact with the 
air, it yields sulphurous anhydride and stannic oxide. In chlorine-gas it deliquesces 
even at ordinary temperatures, forming a brown liquid, which afterwards solidifies to 
yellow crystals of the compound SnCl\2SCl 4 (p. 808). Heated with iodine in a stream 
of carbonic anhydride, it yields the compound SnSF.SP, as a brown, crystalline, fusible 
mass, or a dark-yellow sublimate. This iodosulpliido dissolves without decomposition 
in chloroform and in carbonio disulphide, and separates from the latter solution in 
rhombic crystals of the colour of potassic dichromate. It is decomposed by water into 
sulphur, stannic sulphide, and hydriodic acid, similarly by aqueous alkalis ; alcohol 
decomposes it, with separation of sulphur ; hydrochloric and nitric acide separate sul- 
phur from it. (Schneider, J. pr. Chem. lxxix. 419.) 

A boiling alcoholic solution of iodine does not attack crystalline mosaic gold, but 
slowly dissolves amorphous stannic sulphide ; and the solution yields crystals identical 
with those of the compound SnSP.SF, deposited from solution in carbonic disulphide. 
(Schneider.) 

Crystalline stannic sulphide is not decomposed by hydrochloric acid ; the amorphous 
sulphide boiled with concentrated hydrochloric acid is slowly dissolved, with evolution 
of sulphydric acid. Hot nitric acid oxidises only the amorphous sulphide : boiling 
nitromuriatio acid likewise oxidises mosaic gold, forming sulphuric acid and stannic 
oxide. Stannic sulphide fused with litharge yields, either by partial mutual decompo- 
sition, a mixture of the sulphides and oxides of tin and lead; or, if the litharge is 
in excess, it yields metallic lead, sulphurous anhydride, and a yellow glass. 

Sul phos tan nates.— Stannic sulphide reacts as a sulphur-acid or su I phon hydride, 
forming sulphur-salts with the more basic metallic sulphides. The sulpho&tannat ee 
of the alkali-metals are produced by fusing tin with the polysnlphides of the alkali- 
metals, or by dissolving stannic sulphide in the aqueous sulphides or hydrates of the 
same metals ; in the latter case, an oxygen-salt is produced simultaneously with the 

sulphur* salt. 

The sulphostannaies of the alkali-metals are soluble in water ; those of all other 
metals are insoluble, and are obtained by precipitation, the precipitates being some- 
times yellowish, but mostly brown or black. (Kuhn, Ann, Ch. Pbarm. lxxxiv. 110.) 
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Hydrio Sulphosiannate, t Stannic Sulphydrate , or Sulphostamic Acid, m 

iPS.SnS* B is obtained, by treating the solution of an alkaline sulphoetannate -with a 
dilute acid, as a yellow precipitate, which becomes dark-coloured on exposure to the 
air. (Kuhn.) 

Sulphosiannate of Ammonium is obtained by dissolving stannic sulphide in mono- 
sulphide of ammonium, or stannous sulphide, stannous oxide, or Btannous hydrate in 
polysulphide of ammonium. — The potassium-salt is obtained in like manner; on mixing 
its aqueous solution with alcohol, a . dark-brown, heavy, oily liquid separates, having 
nearly the composition K 2 SnS*.10H 2 O ; this compound gives off all its water at 100°. 
—The sodium-salt, Na 2 SnS 3 .2H ? 0, forms yellow glassy crystals, whose dominant faces 
belong to the regular octahedron. A solution of stannous sulphide and sulphur in 
monosulphide of sodium, deposits colourless monoclinic crystals, resembling gypsum, 
and containing Na 2 S.Na , SnS 3 .12H ,! 0. Horing obtained a similarly crystallised salt 
containing Na 2 SnS , .7H*0. — The sulphostannates of barium , calcium , and strontium , 
obtained by precipitation, are sparingly soluble in water. 

TXir, SITBPHOCHBORXDB and SUXPHO-XODXDB OP. (See pp. 809, 814.) 

TZSTCAB. Crude borax, as it is imported from Asia, in yellow reagy crystals. 
(See Boratks, i. 640.) 

TUT-ORB. Native stannic oxide (p. 816). 

TXXTP&ATB, or Tinned Iron-plate. — An alloy of 2 pts. iron a d 1 pt. tin, ob- 
tained by heating the two metals together to redness. (See Ikon, in. 870; also lire's 
Dictionary of Arts, See. iii. 897.) 

Tnr-PTRITtS. Stannine. Bdl-metal ore. Sulphuret of Tin. Utain sulfure . 
Zinnkies. — A cuproso-ferrous sulphostannate, sometimes also containing zinc, occurring 
in Cornwall, and at Zinnwald in Bohemia, in cubical forms, but rarely in distinct 
crystals, mostly massive, and imbedded in crystallo-granular aggregations, with traces 
of cleavage of the cube and rhombic dodecahedron, and with uneven to small con- 
choidal fracture. Hardness = 4’0. Specific gravity = 4 3 to 4-5. It is opaque, with 
metallic lustre, yellowish-steel-grey colour inclining to brass-yellow, and black streak. 
Before the blowpipe, on charcoal, it melts to a grey brittle bead, containing copper and 
iron, and surrounded by a white deposit of stannic oxide. The bead gives, with sodie 
carbonate and borax, a pale, not perfectly malleable button of copper ; when heated in a 
tube, it gives off sulphurous anhydride, together with a white fume. Nitric acid decom- 
poses it easily, forming a blue solution, with separation of sulphnr and stannic oxide. 

Analyses : — a. From Whealrock, Cornwall (Klaproth, Beitrdge , v. 298). — b. From 
the same (Kudernatsch, Pogg. Ann. xxxix. 146). — c. From St. Michael’s Mount, 
Cornwall (Johnston, ltep. Geol. Cornwall, &c.> 1839). — d. From the same (Mallet, 
Sill. Am. J. [2], xvi. 33). — e. From Zinnwald (RammelBberg, Pogg. Ann. lxxxviii. 

6 ° 7 )= ..... 


Sulphur . 

. 30-6 

b. 

29-64 

29-93 

d. 

2946 

29-05 

Tin . 

. 26-5 

2555 

31*62 

26-85 

25*65 

Copper . 

. 300 

29-39 

23-55 

29-18 

29*38 

Iron. 

. 120 

12*44 

4-79 

6*73 

6*24 

Zinc . 

• • • 

1*77 

10*11 

7*26 

9-66 

Gangue . . 

• • i 

OEH) 

1*02 

99-81 

100*00 

0*16 

09-64 

09*98 


These analyses lead to the formula Cu*M ,, Sn lr S 4 =* jSnS*, or (2Cu a S.SnS 3 ). 
(2M"S.SnS 2 ), where M" denotes Fe and Zn. 

Tnr-RADXCBBS, ORGANIC. The general properties and relations of these 
bodies have been described in the article Obqano- metallic Bodies (iv. 219, 227). It 
is there explained that organo-tin compounds may be divided into three groups, 
analogous in composition to the oxides of tin, and represented by the following for- 
mulas, in which R denotes a monatomic alcohol-radicle : 

Sn"R a . 2Sn' r 'R 3 . Sn>'R« 

Moreover, one atom of alcohol-radicle in compounds of the second group, and one or 
two atoms in those of the third £roup, may be replaced by negative radicles, such as 
chlorine. Hence arise the following series of organo-tin compounds (R + denoting an 
alcohol-radicle, and R a negative radicle like chlorine) ; 

First Serle*. Second Series* Third Series. 

sn'ji: «*-{!+ Hi* 

«■ . * 


SUDnous compounds . 


Staaaoto-tUuuic compounds. 
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Fourth mHm. 
f*+ 

Sn* 


FUth aeries. 
Rt 
R + 

R + 
R- 


Sn l? 


Bixih series, 

R + 

R + 
R— 
R- 


8n* 


Stannic compound*. 


In the stannic compounds the atomicity of the tin is fully satisfied : hence these 
bodies cannot take up any other radicle (such as oxygen, chlorine, &c.) by direct combi- 
nation, but only by substitution for one or more atoms of alcohol-radicles ; in other words, 
they do not themselves act as radicles. In the stannous compounds, on the contrary, 
there are two units of atomicity still unsatisfied, and in the stannoso-stannic compounds 
one such unit: hence these bodies are capable of acting as radicles, taking up chlorine, 
oxygen, &e. directly, and being thereby converted into stannic compounds. The stannoso- 
stannic compounds are evidently monatomic ; the stannous compounds are always 
diatomic, uniting with 2 at. chlorine, iodine, &c., or 1 at, oxygen, sulphur, &c., to 
form stannic compounds ; there is no known instance of an organo-Btannoua compound 
taking up only 1 at. of a monatomic radicle, to form a stannoso-stannic compound 
(iv. 227). 

Organo-tin compounds have been obtained, containing methyl, ethyl, and amyl. 
The ethyl-compounds have been most completely studied, and will be most conveniently 
described first. 


«. Ethyl-compounds: Stannkthylb.* 


Three compounds are known, containing only tin and ethyl, viz. : 
Stannous ethide, or Stannodiethyl, Sn"(C a H s ) a , 


Stannoso-stannic ethide, or Stannotriethyl, §n*(C*H 4 )*. 

Stannic ethide, or Stannotetrethyl, Sn ,T (CTI A )\ 

The first and second of these compounds, as already observed, act as organic radicles, 
taking up oxygen, chlorine, &c., and forming compounds which maybe regarded either 
as salts of these same radicles, or as stannic compounds containing ethyl and negative 
radicles : — 


Sn"(C , H A ) a ] M .I a ] 

St&nnodiethyl-lodida. 

[Sn"(C*H A ) 2 ]'\0 

Stannodiethyl-oxlde. 

[SiT(C*H*) f ]".S0 4 

Stannodlethyl-iulphate. 

[Sn'"(C*H , ) 1 .I 

SUnnotrlethyl-lodido. 

[Sn*(C a H‘)T.S 

&tannotrietbjl-iulphlde. 


- Snwj^T 

Stannic dl-lododlethlde. 

- Ew|<°*T 

Stannic oxydlethide. 

- 

Stannic tulphatodletblde. 


- Sn“ 


j (C 2 !!*) 1 


Stannic iodotrteth Ida. 

r 


It 

- Sn a 


Stannic ■ulphotrielhlde. 


[8i?(C*H*)«]\(COT - j(COT 

Stannodlethyl-carbonate. Stannic caibonatodielhlde. 

Lowig has also described a number of stannethyls, which cannot be included in either 
of the preceding groups ; they are represented by the following formula, using the okl 
atomic weights, C — 0, Sn — 69 : — 


Acetostannethyl, Sn^&H*) 9 . 
Ethstannethyl, 8n\C*H*y. 
Radicle not named, 8nHC*H*y, 
Methylene-stannethyl, BnH&H*)*. 
Ethytene-stannethyl, 
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The last two are polymeric with stannodi ethyl, Sn( C 4 &*), according to Lowig. 
these radicles are said to unite with 1 at. chlorine, bromine, iodine, &c. 

Kekul6 (Ann. Ch. Pharm. cxix. 190) supposes these anomalous stannethjl-com. 
pounds to be derived from the more simply-constituted radicles above mentioned, by 
substitution of iodine, chlorine, &c. for ethyl : thus, Lo wig’s iodide of acetostannethyl, 
Sn 2 (C*H*)*I, might be derived, in this manner, from a double molecule of stannodi- 
ethyl, Sn 2 (C 2 H 8 ) 4 ; and his iodide of ethstannethyl, Sn 2 (C 2 H a ) 5 I, in like manner, from a 
double molecule of stannotriethyl, Sn 2 (C‘H a ) 0 . 

Strecker has pointed out that Lowig’ a methylene- and ethylene-stannethyl are moat 
probably identical with stannethyl, and that the compounds described by Lowig as 
iodide of methylene- and ethylene-stannethyl are oxyiodides of stannethyl, con- 
taining Sn 2 (C~lP) 4 PO and Sn i (C i H 5 ) ,| I 7 0 8 — compounds which Strecker has actually 
obtained by other processes (p. 827). In bodies whose molecular weights are 
as high as those of the stannethyl -cum pounds, the quantities of oxygen indicated 
by these formulas would make hut littlo difference in the percentage of the other 
mements. 

It must further be observed, that the existence of these anomalous stannethyls 
is by no means well established. Lowig never succeeded in isolating them 
completely, or in preparing their compounds in a pure state ; and Cahours was never 
able to obtain them at all, however much he might vary the proportions of the 
materials. 

Preparation of Stannethyls. — 1. Finely-divided tinfoil is introduced, together with 
three times its weight of ethylic iodide, into a strong glass tube, which is sealed and 
exposed to sunshine. A slow reaction then takes place, requiring several weeks' expo- 
sure to the summer sun fur its completion; it may, however, be greatly accelerated 
by concentrating the rays with a parabolic reflector, and at the Barae time keeping 
the tube cool by immersion in water, or in solution of cupric sulphate ; the reaction is 
then completed in a fow days. The product solidifies to a crystalline mass, consisting 
mainly of stanniedi-iododiethide, Sn lv (C 2 IP) 2 l 2 , with small quantities of stan- 
nous iodide and stannic iodotrieth ide, Sn lT (C®H s ) 8 I (Frankland): 

2C 2 H a I + Sn = Sn(C 2 H a ) 2 I 2 . 

3C 2 H a I + Sn a = Sn(C 2 H 5 ) a I + SnP. 

2. A mixture of 1 pt. finoly-cut tinfoil and 2£ to 3 pts. ethylic iodide, is enclosed in a 
scaled tube, and heated to lfiO° in an oil-bath for 20 or 30 hours. After cooling, the 
contents of the tube are found to consist partly of colourless crystals of stannic di- 
iododietliide (iodide of stunnodi ethyl), partly of yellowish crystals of stannic 
iodotriethide (iodide of stannotriethyl). On decanting tho liquid from the crystals, 
aud distilling, a small quantity of ethylic iodide passes over first ; then, at 230°, the 
stannic iodotriethide ; and at 245° the stannic di-iododietliide, the residue consisting ot 
stannous iodide. (Cahours; Riche.) 

3. Stannide of Bodium, prepared by fusing 6 pts. of tin with 1 pt. of sodium, is 
finely pulverised, and mixed with quartz-sand in the proportion of 1 pt. of the alloy 
to l — 1£ pta. of sand ; the mixture quickly introduced into a number of glass flasks of 
3 or 4 ounces* capacity ; and a quantity of ethylic iodide added, sufficient to form a 
thick paste : the flask is then briskly shaken, and a distillation-tube adapted to it. 
The action commences in a few minutes, and is completed the more quickly in propor- 
tion as the alloy is richer in sodium. The heat which it developes is sufficient to cause 
the excess of ethylic iodide to distil over, after which tho flask, while yet warm, is 
closed airtight ; after the mixture has cooled, the treatment with iodide of ethyl is 
renewed, and the same operation repeated till a sample of the contents of the flask 
no longer gives off hydrogen when thrown into water. The dry, dusty, yellowish, 
stinking mass, obtained in this manner from several flasks, is thou transferred to a 
bottle filled with ether (from 4j to 5 pounds to the contents of 16 flasks), left to 
stand for an hour or two, and frequently shaken ; after which the dark-brown ethereal 
solution is poured into a bottle filled with carbonic anhydride, and left to stand for 
half an hour or an hour, whereupon, especially if there were any air in the bottle, a 
brown substance, which dries up in the air to a white inodorous mass, separates out. 
The ethereal solution is then transferred to a retort, mixed with about ^ of its bulk of 
alcohol, and the ether iff* completely distilled off. There then remains a dark turpen- 
tine-like mass [consisting, according to Lowig, of the radicle Sn # (C*H a ) 4 ] t and an 
alcoholic solution, which, when decanted and left at rest, deposits a large quantity of 
yellow oil, frequently separating, after some time, into two layers, the lower of which 
consists mainly of stannous et hide, SiT(O a H*;j , t or stannodiethyL The alco- 
holic liquid decanted from the yellow oil depots, on addition of water, a nearly 
colourless oil, the first precipitated portion of which consists mainly of stannous 
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ethide, and the last of stannofiostannic ethide or stannotriethyl ; while the 
intermediate portions contain other radicles (p. 825), which, after conversion into 
iodides, may be separated by. fractional crystallisation (Lowig). For Lowig’s method 
of separating these supposed radicles, see Gmeliris Handbook, ix. 93. 

Stannoaf Btbldo, or Btaxmodlotliyl, Sn"(C*H 4 ) a ,— The method last described 
yields this radicle comparatively pure. The boat mot hod of obtaining it however 
is to immerse a strip of zinc-phite m a warm solution of st&unodiethy 1-chloride ; it 
then collects at the bottom of the vessel, as a thick yellowish oil. (Frankland.) 

Stannous ethide would probably be colourless when quite pure. It has a specific 
gravity of 1*658 at 15°, does not solidify at —12°, ami cannot be distilled without 
decomposition. It has an extremely pungent odour, stronger than that of any of its 
compounds. It is insoluble in water, but soliiblo in alcohol , and still more soluble in 
ether. — It absorbs oxygen from the air, but does not fume or take fire ; it reduces nitrate 
of stiver immediately, with separation of black metallic silver; and unites directly 
with chlorine , bromine , and iodine. — With hydrochloric , hydr iodic, hydrobrotuic , and 
hydrofluoric acide, it forms haloid salts, with evolution of hydrogen. When heated 
to 150°, it boils, and is resolved into stannic ethide, Sn(C*H*)\ which distils over, and 
metallic tin. 

Compound* of Stannethyl . — These compounds, which, as already observed, may bo 
regarded as belonging to the stannic type, are produced either by direct combination, 
or by double decomposition from the iodide. 

Bkomide, Sp(C 2 H 4 ) 2 Br 2 . — Produced by treating an ulcoliolic solution of a tan nodi - 
ethyl with bromine, or by dissolving the oxide in hydrobromic acid ; also, together 
with other compounds, by heating ethylie bromide with tin to 160°. It forms long 
white needles, having a faint cumphorous odour, melt* when gently heated, and distils 
without decomposition at 232°. Its vapour-density (taken ill 295°) is 1 154 ; by calcu- 
lation (2 vols.) a 11*74. It is soluble in water and alcohol, and especially iu ether, 
(lid wig ; Cahours.) 

Chloride, Sn(C*H 4 ) 3 Cl 3 . — Obtained, in long colourless needles, by dissolving tho 
oxide in dilute hydrochloric acid, and evaporating at a gentle heat. It melts at 00°, 
sublimes when slightly warmod, and boils without decomposition at 220°. Vapour- 
density «= 8*71 and 862 at 2G8°— 282° (Cahours); calc. 8*62. It 1ms a 
stronger odour than the bromide, is moderately soluble in boiling water, more easily in 
alcohol and in ether. (Lowig; Frankland; CaliourH.) 

When ammonia is added by drops to a boiling alcoholic solution of the chloride, tiH 
a pormanent precipitate begins to form, this precipitate rodisHolvod by addition of a 
litile more of the Btannodicthyl-chlorido, and the liquid left to cool, white Bhining 
laminae are deposited, consisting of stannodiethyl-oxychloride, Bn*(C a II 4 ) , OCl*. 
(Strecker.) 

Fluoride, Sn( C Z H S )*F*. — Obtained, in fine crystals, by evaporating the solution 
of Btannethyl-oxide in hydrofluoric acid. 

Iodide, Sn(C*H*)*I*. — This compound is tho direct product of the action of ethylie 
iodide upon tin, or upon sodium-Btannid.e containing a small proportion of sodium, 
and is likewise easily produced by the action of iodine on stannodi ethyl in etheroal 
solution. It forma colourless, inodorous, needle-shaped crystals, often several inches 
long, melts at 42°, sublimes at 160° in shining needles or lamime, and boils, without 
decomposition, at 246°. It dissolves sparingly in cold, more easily in warm wator, 
also in cold alcohol and ether. (Lowig; Frankland; Cahours.) 

The warm aqueous solution of tho iodide, mixed with a small quantity of ammonia, 
yields, on cooling, an oxy iodide, 8n'(C*H a )"FO\ in hard prismatic crystals, 
slightly soluble in water, more soluble iu alcohol or ether. The same crystals are 
obtained by boiling oxide of stannethyl with an alcoholic solution of the iodide. > 
(Strecker.) % 

Iodocyanide, Sn(C*H*) 2 CyI. — Produced by heating equivalent quantities of stnnn- 
ethy 1-iodide and silver-cyanide with a small quantity of anhydrous alcohol, in Bealcd 
tubes immersed in a salt-bath. By evaporating the filtered solution, it is obtained as 
a crystalline powder. 

. Oxide, 8n(C 2 H*) 14 0. — Obtained, as a white powder, by evaporating an ethereal sob - 
tion of stannodiothyl in contact with the air, or by precipitating a solution of * 
stannethy 1-salt with ammonia. It is tasteless, inodorous, not volatile, takes fire when 
heated in contact with the air, burning with a bright flame, and giving off fumes of 
stannic oxide. It is insoluble in water and in amfiionia, nearly insoluble in alcohol 
find ether, but dissolves easily in dilute acids and in the fixed alkalis. On distilling it 
with excess of aqueous potash, stannotriethylic hydrate passes over with tho 
aqueous vapour, and stannate of potassium remains behind : 

38n(C a H*) s O + 2KHO - K*SuO* t 28n(CViI‘)»(IIO). 
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t Pentaohlonde of phosphorus acta strongly on Btannodiethyl-oxide at a gentle W 
yielding a distillate of st&nnethyl-chloride and phosphoric oxychloride, which may 'C 
separated by water: J 06 

Sn(C*H») s O + POT - POOT + Sn(C*H») 3 OT- 

O xy osN- salts. — T he stannodiethyl-salte of oxygen-acids are formed by dis- 
solving the oxide in the respective acids, or by decomposing the iodide with silver 
salts. They are crystallisable, inodorous, soluble in alcohol and in water, less soluble in 
ether. They decompose when heated, emitting a pungent odour like that of mustard-oil 

Acetate , SntC^^OTPO*) 3 . — This salt separates, on gradually adding stanno- 
diethyl-oxide to boiling dilute acetic acid, as a thick oil, which solidifies to a crys- 
talline mass on cooling. By solution in alcohol, and slow evaporation, it is obtained 
in beautiful transparent prisms or tables. When heated, it partly decomposes, partly 
sublimes unaltered. It dissolves sparingly in water, easily in alcohol or ether. 

Cyanatc , Sn(C 2 H 4 )*(CNO)*— Produced by the action of silver-cyanate on an 
alcoholic solution of stannodiethyl-iodide ; crystallises on evaporating the solution. 
(Cahours.) 

For mat e t Sn(C 2 H 4 ) 2 (CH0 2 ) 2 . — Stann ethyl-oxide gradually added to dilute formic 
acid, dissolves at first, but on further addition, stannodiethy 1-formate separates as a thick 
colourless oil, which solidifies in the crystalline form on cooling, and, when recrystal- 
lised from alcohol, forms transparent prisms. (Cahours.) 

Nitrates . — The neutral salt , Sn(C 2 H 4 ) 2 (N0 3 ) 2 , is obtained by decomposing the 
iodide with nitrate of silver, or by dissolving the oxide in dilute nitric acid, and is 
obtained by slow evaporation in rather large prisms. When heated, it melts, decom- 
poses, and burns with slight detonation. It is easily soluble in water and in alcohol 

(Lowig; Frankland; Cahours). — A basic nitrate, gn[c 2 H 4 ] 2 (HO)* 2 1 J is obteined 

by decomposing the oxychloride in alcoholic solution with nitrate of silver ; the solu- 
tion, when evaporated, yields crystals nearly insoluble in water. (Strecker.) 

Oxalate , Sn(C 2 H 4 ) 2 (C 2 0 4 ). — Precipitated, on mixing the solutions of ammonium- 
oxalate and Btannethyl-iodide, as a dazzling- white amorphous powder, insoluble in 
water. (Cahours.) 

Sulphate , Sn(C 2 H 5 ) 2 (S0 4 ). — Prepared like the preceding salts. Beautiful crys- 
talline laminae, soluble in water and in alcohol. (Cahours; Lowig.) 

Butyric and Valerianic acids behave with stannodiethyl-oxide like acetic acid ; a 
boiling solution of tartaric acid dissolves the oxide, and yields hard prisms on cooling. 
— Citric add acts in like manner. (Cahours.) 

Sulphide, Sn(C 2 H R ) 2 S. — Precipitated as a white powder, on passing sulphydric 
acid gas through an acid solution of a stannodiethylic salt. It has a pungent nauseating 
odour, like that of decayed horseradish. It is insoluble in dilute acids and in 
ammonia ; soluble in strong hydrochloric acid, potash-ley, and sulphide of potassium ; 
and is precipitated unaltered from the last two solutions, on addition of acids. 
(Frankland.) 

Sulphocyanate, Sn(C a H 4 )*(CNS)*.— Formed by prolonged digestion of stann- 
ethyl-iodido in alcoholic solution with sulphocyanate of silver. The solution, con- 
centrated by evaporation, yields colourless crystals, which have an alliaceous odour, 
and decompose when heated, turning black and giving off fetid products. 

Btannosoatannlo Bthlde, or Btannotrl ethyl, 2[Sn"(C 2 H 4 )*]. Sesquistan - 
nethyl . Mcthstannethyl . — The preparation of this compound by Lo wig’s method-has 
been already described (p. 826). Cahours adds ethylic iodide in excess to an alloy of 
80 pts. tin and 20 pts. sodium in a retort, and after the spontaneous reaction is over, 
heats the residue with a small quantity of ethylic iodide in strong glass tubes for 
twelve hours to 120°. The contents of the tubes, when cold, are added to pure ether, 
and after twenty-four hours’ digestion, the solution is filtered into vessels filled with 
carbonic anhydride, whereupon it deposits a white flocculent mass. The solution 
filtered therefrom is distilled to one-eighth of its original volume ; and the residue is 
mixed ^ with half its volume of ordinal^ alcohol, and further evaporated, till a clear 
yellowish oil settles down to the bottom of a viscid colourless liquid. This yellow 
oil, after washing with alcohol and heating to 170°— 180°, constitutes pure stanno- 
tri ethyl. This compound, according to Kul m iz, is a nearly colourless, heavy, slightly 
refractive oil, having a peculiar odour like that of rottea fruits. It ttm directly 
with oxygen* chlorine, bromine* and iodine. 
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Compounds of Stannotriethyl. 
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These compounds may be regarded as formed by the union of 1 at. iodine, chlorine. 
&c. with 1 at. of the monatomic radicle Sn*"(C 2 H a ) l > or as stannic molecules, in which 
three of the four omits of atomicity of the tin are neutralised by ethyl, and the fourth by 
a negative radicle (p. 826), the molecule being doubled for compounds containing diatomio 
negative radicles, such as 8, 0, SO 4 , &c. ; e #. : 

Sn’"(0*H*)'.CI - 

Stannotriethyl- Stannic ehloro- 

chlorlde. triethide. 


[Sn w (C 2 H s )*]*SO* 

Stannotriethyl-culphate. 


Stannic aulphato- 
triethide. 


Their modes of formation are analogous to those of tho stann ethyl-compounds. 

Bromide, Sn(C 2 H*)“Br. — This salt is most easily obtained by treating the oxide 
with hydrobromic acid. It is a colourless, mobile, strongly refracting liquid, of 
specific gravity 1*630, and boiling at 223°. It has a very pungent odour, like that of 
mustard-oil, dissolves readily in etber and in alcohol, even when dilute, but vory sparingly 
in water (Lowig; Cahours; Kulmiz). Vapour-density 9924 (Cahours); 
calc. - 9*60. 

Chloride, Sn(C 2 H*)*Cl. — Obtained by dissolving the oxide in hydrochloric acid, 
or (more readily) by adding that acid to an aqueous solution of tho sulphite. It is a 
transparent, colourless, strongly refracting liquid, having a very poworful and suffoca- 
ting odour. Specific gravity 1*428 at 8° (Call ours), 1-320 (Kulmiz). Boilsut209°. 
Vapour-density (obs.) = 8*430 at 285° ; calc. = 8 33 . At 0 ° it solidifies in colour- 
less prisms. According to Kulmiz, it forms, with platinic chloride , tw r o crystalline 
compounds, containing Sn*(C 2 H*) 6 Cl , .PtCl 4 and Sn(C 2 H 4 ) s '(U.PlCl l , respectively. It 
also forms crystalline compounds with auric and mercuric chloride. 

Cyanide, Sn(C 2 H*)*Cy. — When Btannotriethyl-iodide and silver-cyanido are gently 
heated together in a retort,, this compound sublimes in snow-white crystals, which may 
be freed from a grey substance, often adhering to them, by solution in alcohol and 
spontaneous evaporation. It forms silky flexible prisms, which melt when gently 
heated, and sublime without decomposition. When quickly heated it suffers partial 
decomposition. It is nearly inodorous in the cold, but when heated, it emits an 
odour like that of prussic acid and tho stannotriethyl-eompounds togethor. 

Hydrate, ^ |o — Sn lT (C 2 H*) 9 (lIO). — This compound is separated 

from solutions of stannotriethyl-salts by cAustie potash, but generally remains dis- 
solved. It may, however, be withdrawn from the solution by agitation with ether, 
and obtained in the crystalline form by leaving tlio ether to evaporate. When a solu- 
tion of stannotriethyl-iodide is distilled with excess of potash, tho hydrate passes 
over with the aqueous vapour, and solidifies in the crystalline form on cooling ; and 
even when the alkaline solution is gently heated in a honker-glass, the hydratb gra- 
dually sublimes, filling the entire space with slender crystals, which form a mass like 
cotton-wool. To obtain tho hydrate from a mixture of tho iodides of stannothyl and 
stannotriethyl — such as is ordinarily produced by the action of tin on othylic iodide— 
the mixture is dissolved in alcohol; silver-oxide is added as long as silver-iodide is 
thereby produced ; the solution containing the hydrate of stannotriethyl is filtered 
from the precipitate consisting of a mixture of stannethyl-oxide and silvor-iodide ; and 
the filtrate evaporated over oil of vitriol. 

Stan notri ethyl-hydrate forms 'colourless prismatic crystals, moderately soluble in 
iu°h.°l* e *ther anhydrous or hydrated, easily in ether. The solutions have a strongly 
alkaline reaction and caustic taste, precipitate most of the heavy metals from their 
solutions as oxides or hydrates, and absorb carbonic acid from the air. Tho hydrate 
neutralises acids completely, forming with most of them crystalline salts. 

Iodide, Sn(C*H*) 9 I. — This compound is produced in small quantity when tin is 
heated to 160° with ethylic iodide, more abundantly when an alloy of tin and sodium 
n* used ; algo, together with ethylic iodide, by the action of iodine on stannic ethide : 
Sn(C f H*) 4 + I* - 0*11*1 + Sn(C*H*) i L 

The best mode of preparing it is to treat an alloy of 7 pts. tin and 1 pt. sodium 
»ith ethylic iodide, whereupon a brisk action takes place, accompanied by great rise 
of temperature. As soon as this action is over, the residue, mixed with ethylic iodide 
ie?o thm P a8te » i 0 enclosed in sealed tubes, and heated, for eighteen or twenty hours, to 
126°. or at most 130°. The tubes, when cold, are opened, the contests treated with 
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ether, and the Bit fired solution * evaporated { after addition of a little alcohol. On 
leering the ether to evaporate, a yellowish oil separates, the quantity of which 
increases on addition of water ; and on distilling this oil by itself, pure stannotriethyb 
iodide passes over, between 230° and 235°. (Cahours.) 

Stannotriethyl-iodide is a colourless, heavy, strongly refracting liquid, of specific 
gravity 1833 at 22°, and boiling without decomposition between 236° and 238° (Ca- 
hours). It solidifies in a mixture of carbonic anhydride and ether. . It has a pungent 
odour, attacking the nose and eyes like oil of mustard. It mixes in all proportions 
with absolute alcohol and with ether, dissolves sparingly in water, easily in hydrated 
alcohol. It dissolves iodine, with brown colour in the cold ; but on heating the solution 
the free iodine disappears, and iodide of etannethyl is formed, together with iodide 
of ethyl. 

Stannotriethyl-iodide absorbs ammonia-gas, forming the compound Sn(C 1 H , ) l I, 
2NH", which may be obtained in thin prisms, by adding a solution of the iodide to 
anhydrous alcohol saturated with, ammonia-gas, warming tho liquid for a few hours in 
the water-bath, and then leaving it to cool. It likewise forms crystalline compounds, 
of analogous composition, with etkylamine , amylamine, and aniline. 

Oxide, Sn 2 (C*H*) 8 0.— Obtained, by prolonged heating of the hydrate to a tempe- 
rature near its boiling-point, as a transparent oil, which, when mixed with a small 
quantity of water, is reconverted into the crystalline hydrate. (Cahours.) 

Oxygen-sahts. — T hese salts are obtained by dissolving the hydrate, oxide, oi 
carbonate of stannotricthyl in tho aqueous acids, or by decomposing the iodide with 
silver-salts. They are mostly crystalline, and dissolve readily in water, alcohol, and 
ether. 

Acetate , Sn(C 2 lP) 3 (C-H s 0 2 ). — Prepared by dissolving tho oxide in acetic acid 
Slightly soluble in water, easily in alcohol, whence it separates, by spontaneous evapo- 
ration, in tufts of white silky needles. It melts at a gentle heat, sublimes at a some 
what higher temperaturo in snowy flocks, and boils without decomposition at 230° 
(Kulmiz; Cahours.) 

Arsenate , Sn(C 2 H s )*(As0 4 ). — White crystalline mass, soluble in alcohol, anc 
crystallising therefrom in tufts of shining needles. (Kulmiz.) 

Benzoate, Sn(C*H s )*(C , II s O !t ).— Obtained by double decomposition from tb 
iodide. Long, transparent, highly lustrous prisms, which molt at 80°, and sublinv 
without decomposition at a higher temperature. Sparingly solublo in water, easily ii 
alcohol, even when dilute. (Kulmiz.) 

Butyrate , Sn(C 2 II a ) 3 (C 4 H 7 0 2 ). — Thin shining needles, sublimable without de 
composition, slightly soluble in cold water, moderately soluble in alcohol, especial! 
when warm. 

Carbonate , Sn 2 (C*H')' , (C0 1 ').— The hydrate absorbs carbonic acid from the ai 
during the evaporation of ils alcoholic solution. Tho alcoholic solution of the sulphate 
mixed with carbonate of ammonium or carbonate of sodium, deposits stannotricthyl 
carbonate as a dazzling-white crystalline powder. (Kulmiz.) 

Cyan ate, Sn(C*H a ) 3 (CNO). — Prepared by gradually adding dry cyanate of silvc 
to an alcoholic solution of stannotriothyl-chloride, as long as the liquid is there!) 
coloured yellow. The filtrate left to evaporate yields the salt in tufts of thin prismi 
having a silky lustre. It is moderately soluble in alcohol and in ether, is converte 
into carbonate by exposure to moist air, gives off carbonic anhydride when treated wit 
strong acids, and ammonia when boiled with potash. 

When ammonia-gas is passed into the alcoholic solution of this salt, and the liqui 
left to evaporate, there remains a substance which dissolves partially in alcohol ; an 
this solution yields, by evaporation, long colourless prisms, regarded by Kulmiz an 

(CO)' } 

Cahours as stannotriethyl-carbamide, H* >N*; but they are, perhap 

Sn(OTP}*) 

only a mixture of carbamide (urea) with a salt of stannotriethyl. They have not bee 
analysed. 

Formate , Sn(C*H a )*(CH0 2 ). — Thin prisms, having a silky lustre when dry, mel 
ing between 50° and 60°, and then subliming completely ; very soluble in stroc 
alcohol. (Cahours; Kulmiz.) 

Fit rate, Sn(C*H a )*(NO*). — Prepared by mixing an alcoholic solution of H 
hydrate with nitric acid, then adding ether and enough water to cause the liquid 1 
separate into two layers, the upper of which contains the nitrate, and leaves it as 
syrupy mass when evaporated. When cold it forms a transparent van ish, whic 
dissolves easily in alcohol and ether, and burns away, when heated, with a faint ligb 
but wi thout detonation. (L 6 w i g. ) 



Oxalate , Sn t (C*H i )*( OK) 4 )". — A solution ofoxalio acid in dilute alcohol takes up a 
large quantity of stannotriethyl-hydrate, and deposits the oxalate, on evaporation, in 
shining colourless prisms, sparingly soluble in cold, easily in warm water, alcohol, or 
ether. It is inodorous at ordinary temperatures, but decomposes when heated above 
100°. (Cahours; Kulmiz.) 

Phosphate, [S “" (C? h 7]’J(POT - 2H*PO^n*j}^Ji*.-OUain B d by treat- 

ing the carbonate with dilute phosphoric acid as long as effervescence is produced, as 
a white powder, which dissolves in very dilute alcohol, and separates, on evaporation, 
in tufts of transparent shining needles. It is moderately soluble in warm water, very 
soluble in dilute alcohol, slightly in ether. The solutions have an acid reaction. 
(Kulmiz.) 

Sulphate , Sn 4 (C a H a )*( SO *)". — Separates from alcoholic solution in nearly trans- 
parent six-sided prisms with six-sided pyramidal summits (K u 1 m i z). It is more soluble 
in cold than in warm water, so that a solution saturated in the cold solidifies almost 
completely when heated (Buck ton). It is easily soluble in alcohol. (Cahours.) 

Tartrates. — The neutral salt, Sn 2 (C 2 II 4 )*(C , II 4 0 8 )", is obtained by treating the 
carbonate with excess of tartaric acid, dissolving the crystalline deposit in dilute 
alcohol, and leaving the solution to evaporate. It forms cubic crystals, which melt and 
decompose at a rather high temperature. — An acid salt, 

+ 2aq., is contained in the mother-liquor of the neutral salt ; and on loaving this 
liquid to evaporate completely, washing the crystalline rosiduo with a little water to 
remove oxcess of tartaric acid, thon dissolving it in aqueous alcohol, and leaving the 
solution to evaporate, the acid tartrute separates in well-defined, shining, rhombic 
crystals, moderately soluble in water, easily in dilute alcohol. (Kulmiz.) 

A few other oxysalts of stannotriethyl have been prepared, but not accurately inves- 
tigated. — The bromate and Mate, formod by tho action of bromine or iodine on an 
alcoholic solution of stannotriethyl-hydrate, separate in small shining crystals, which 
detonate slightly when heated (Lo wi g). — The caproatc , ca pry late, and valerate resemble 
the acetate and butyrate (Cahours). 

Sulphidk, Sn 2 (C*H s ) 8 S. — When an alcoholic solution of tho hydruto is divided 
into two equal parts, one portion saturated with sulphydric acid, and the second por- 
tion added after tho excesB of sulphydric acid has been oxpellod by evaporation, tho sul- 
phide separates as a heavy oil, which may be dried over sulphuric acid. It is trans- 
parent, has an amber-yollow colour, strong refracting power, and a fetid odour. 
(Cahours; Kulmiz.) 

K ui.PHYDitATB, Sn(C 3 IP)*(HS). — Obtuinod by snturat ing a solution of tho hydrate 
in absolute alcohol with sulphydric acid gas, ami evaporating, in colourless needle- 
shaped crystals having an odour of mercaptan. (Ca hours.) 

Sulphocyanate, Sn^IF^CNS). — Obtain**! by beating an alcoholic solution of 
the iodide with excess of silvor-sulpliocyanate in the water-bath, and evaporating, as a 
viscid, slightly amber-yellow mass, which gradually becomes crystalline. It melts 
when heated, and solidifies again in tho crystalline state on cooling. It dissolves in 
alcohol and ether, and exhibits tho general reactions of the two gulp hocy a nates. 
(Cahours.) 

Stannic Bthide, or Staxmotetr etb y 1, Sn u (C*II A ) 4 . — This compound is pro- 
duced by the action of zinc-ethyl on iodide of stannodi ethyl or iodido of uUinnotrietnyl, 
the iodine being replaced by ethyl : 

Sn(C«H») 2 P + Zn^C^H*)* - ZnP + Sn(C 2 H*)«. 

2Sn(C*H*) > I + Zn(C 3 H 4 ) a « ZuP + 2Sn(C*H 4 ) 4 . 

It is also formed by the action of zinc-ethyl on stannic chloride (Buckton), and 
lastly in the distillation of stannous ethide, metallic tin being separated at the same 
time. 

To prepare it, crystallised stannodiethyl- iodide (stannic di-iododiethide) is gradually 
added to an ethereal solution of zinc-ethyl, the crystals then dissolving with moderate 
rise of temperature, and a syrupy liquid befog ultimately obtained. If this liquid 
— which should contain an excess of zinc-ethyl— be thon distilled, the boiling-point 
quickly rises from 70° to 180°, and the greater part of the product passes over between 
180° and 200°, while zinc-iodide and a small quantity or zinc-ethyl remain in the 
retort The distillate contains a little zinc-ethyl, which must be decomposed by water, 
with addition of acetic acid, and the heavy oil which then settles down is separated 
frrun the supernatant watery liquid, dried over chloride of calcium, and rectified. 
(Frankland.) 

Stannic ethide is a transparent colourless liquid, of specific gravity 1*87 at 23 3 . It 
remains liquid at —13°, and boils at 181°. Vapour-aeusity, obs. *» 8*021 (Frank" 
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land); calc, ■* 8*108. It has a faint ethereal odour, and a somewhat metallic lmt 
not unpleasant taste. It is inflammable, and burns with a dark-blue-edged flame, 
emitting white fumes of stannic Qxide. In oxygen-gas it burns with a dazzling light 

Stannic ethide dissolves iodine with brown colour, which gradually disappears. If 
the addition of iodine be continued as long as the brown colour disappears without aid 
of heat, and the liquid be then distilled, ethylic iodide and afterwards stannotriethyl- 
iodide pass over (Buckton; Frankland). When the action of the iodine is 
assisted by a gentle heat, the decomposition goes further in the same direction, and a 
mixture of the iodides of ethyl and stannodiethyl is obtained (Cahours). Lastly, 
when stannic ethide is somewhat strongly heated with excess of iodine in a sealed tube, 
iodide of ethyl is produced, together with red iodide of tin. (Cahours.) 

Stannic ethide reacts in a similar manner with bromine . 

Stannic ethide is not decomposed by t cater, neither is it acted on by strong hydrochloric 
acid in the cold ; but on heating the mixture over mercury to 80° or 90°, bubbles of 
hydric ethide are very slowly evolved, and stannotriethyl-chloride is produced 
(Frankland): 

Sn(C s H 4 ) 4 + HC1 - OTP.H + Sn(C*H s )»Cl. 

According to Cahours, the reaction takes plaoo more quickly at 100°; and if it be 
longer continued, with a larger excess of hydrochloric acid, crystallised stannethyl- 
chloride is produced. 

Stannic ethide mixes with stannic chloride, producing considerable rise of tempera- 
ture, and forming chloride of stannotriethyl : 

3Sn(C*II 4 ) 4 + SnCl 4 « 4Sn(C*H‘) a Cl. 

It also mixes with chloride of stannethyl , but without acting chemically upon it, at 
least at moderate temperatures. (Buckton.) 

/9. Mkthyl-compounds: Stannmethtls.* 

These compounds are analogous in constitution to the atannethyls, which they also 
resemble, generally, in thoir properties and modes of formation. Their names and 
formulae are as follows : 

Stannous mothido, or Stannodi methyl, Sn w (CH 8 ) 2 . 

Stannoso-stannous m ethide, or Stan notrimethyl, 2[(Sn ,/ (C^I a ) , ]. 

Stannic mothide, or Stannotetramethyl, Sn lT (CIl 8 ) 4 . 

The first is a diatomic, £ he second a monatomic radicle; the third, in which the 
atomicity of tho tin is fully satisfied, does not uct as a radicle. 

There are also tin-compounds of analogous constitution, containing both ethyl and 
methyl. 

Stannous Ittethide, or Stannodlxnetbyl, S«"(CH a ) 2 — This compound is 
formed by heating methy lie iodide with an alloy of 1 pt. sodium and 5 pts. tin, in soaled 
tubes to 130°. By exhausting the contents of the tubes with ether, and evaporating 
the solution in an atmosphere of carbonic anhydrido, it is obtained, not quite pure, as 
a heavy oily liquid having a mouldy smell. It is insoluble in water, easily soluble in 
alcohol and ether, and is resolved by heat into stannic mothide and metallic tin. 
The alcoholic solution forms, with nitrate of silver, a black precipitate of metallic 
silver. 

The compounds of stannodimethyl may be rpgarded (like those of stannodiethyl) os 
stannic compounds, in which two out of the four units of atomicity of the tin are satis- 
fied by methyl, and the other two by a negative radicle. They are formed either by 
direct combination, or from the iodide by double decomposition. 

Bromide , Sn(CH a )*Br*. — Obtained by treating the oxide with excess of hydro- 
bromic acid, and separates from the concentrated liquid in crystals, which may be 
purified by recrystullisation from alcohol. They are colourless prisms, isomorphous 
with the corresponding chloride. The salt boils without decomposition at 208° — - 
210°. It is moderately soluble in water, more easily in alcohol. (Cahours.) 

Chloride , 9n(CH*) 5t Cl*. — Separates, on ovaporating a solution of the oxide in 
excess of hydrochloric acid, in fine prisms. It molts at 90°, and boils at 188° — 190°. 
Valour-density, obs. (at 265 1 ) *» 7*731 ; calc. ■» 7 63. It dissolves in water, more 
easily in alcohol and in ether. (Cahours ) 

Iodide, 8n(CH*) , I*. — Produced, like the corresponding ethyl-compound, by the 
action of tin on methylic iodide in sunshine (Frankland), or with aid of heat 
(Cahours and Riche). To prepare it, 2J- to 3 pts. methylic iodide are heated with 
1 pt. of tinfoil to 150° — 160°, in sealed tubes, for twelve to fifteen hours. The tubes, 
after cooling, contain a mixture of a brown liquid and sulphur-yellow crystals, and on 

* Frankland, Ann. Ch. Phann, lxxxr. 346; Jahreflb. 1651 p. 57?.— Cahours and Riche, 
Ann, Ch. Pharan Ixxxritl. 316; Jahreib. 1653, p. 677.-C ■ h ou r *, Ann. Ch.. Phatm. cxiv. 367 i 
Jabreeb. 1859, p. 42$. 
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objecting Hus mixture to fractional distillation, methylic iodide passes over first 
after which the boiling-point gradually rises to 280®, and at lastnothfngbut red iodide 
of tin is left. The distillate, on cooling, deposits yellow crystals of stannic di-iodo- 
dimethide, and the mother-liquor decanted therefrom consists chiefly of stannic iodo- 
trimethide ; but if it be again rectified, the portion which last goeB over will yield an 
additional quantity of stannic di-iododimothide. The crystals are pressed between paper, 
then dissolved in a mixture of alcohol and ether ; and by leaving this solution to evapo- 
rate in a shallow vessel over oil of vitriol, in a dark place, crystals of considerable size 
may be obtained. 

S ta nnic di-iododimethide, or iodide of stannodimethyl, forms oblique rhombic crystals, 
which become somewhat opalescent on exposure to the air. It melts at about 30° to 
a liquid resembling molted sulphur; and by piercing the crust which forms on cooling, 
and pouring out the still remaining liquid, it may be obtained in well-defined rhombic 
prisms. Specific gravity * 2 872 (at 22°). It boils regularly at 228°. It dissolves in 
water, especially when warm, and very easily in alcohol, wood-spirit, acetone, or 
ether. Ammonia separates white stannethyl-oxide, insoluble in excess of ammonia. 
(Cab ours.) 

Oxide , Sn(CH*) 2 0. — The precipitate, obtained in the manner just mentioned, forms, 
when washed with dilute alcohol and dried, a white, amorphous, tasteless powder, in- 
soluble in water, alcohol, ether, and aqueous alkalis, when heated, it decomposes, 
giving off the odour of stannot ri methyl-oxide. When s tan mxli methyl -oxide is heated 
with excess of potash, stannotri methyl-oxide volatilises with tho aqueous vapour, and 
stannate of potassium remains behind : 

3Sn(CH*)*0 + 2KII0 - K’SnO* + Sn*(CII*)«0 ♦ IPO. 

Oxygen-salts. — Most acids dissolvo the oxide of stannodimethyl, forming crys- 
t alii sable salts. — Tho formate , Sn(CH 1 ) , (CHO*)^ crystallises in fine prisms, which, 
when heated, partly decomposo, partly sublime unaltered. — The butyrate and acetate 
closely resemble tho formato. — The caprr/late and valerate crystal 1 iso cosily, and are 
soluble in alcohol. — Tho sulphate, Sn(CH*) z SO*, obtained by decomposing the iodide 
with silver-sulphate, or by dissolving the oxide in a slight excess of dilute sulphuric 
acid, and evaporating over oil of vitriol, crystallises in colourloss prisms, often of con- 
siderable size. It is soluble in water, especially when warm, noarly insoluble in 
alcohol even at tho boiling beat. It decomposes completely when heated, emitting a 
pungent odour. (Cahours.) 

Stannosostannio Methlde, or BtaimotrlmetUyl* Sn"'(CH*)*. — This radicle 
is not known in tho fro© state. Its compounds, which may be regarded as stannic 
molecules containing 3 at. methyl and 1 at. of a negative radicle, are produced by 
several reactions : — 

1. The iodide is formed, together with stannodimethyl-iodide (p. 832) and stannic 
iodide, by the action of tin on methylic iodide at 130° — 160° : 

6(CH f )I 4- Sn* - SnP + 2Sn(CIP)’I. 

2. The iodide ia formed, together with methylic iodide, by tho action of iodine on 
stannic methide at ordinary temperatures : 

Sn(CH*) 4 + P = CH f I + Sn(CIP) # L 

3. The oxide is formed, together with stannic oxide, by boiling stannic di-iododi- 
methide with excess of potash : 

SSnCCEPyP + 3K*0 - Sn*(CIP)*0 + SnO* + 6KI. 

The iodide, Sn(CH*) a Ii is best prepared by heating tin with methylic iodide to 
1506 — ]0O° in seeded tubes, and separating the stannodimethyl-iodide formed at the * 
same time, by repeated rectification. The portion which passes over between 180° and 
200°, if rectified till it no longer becomes turbid on cooling, and no longer deposits 
crystals of stannic iodide, yields pure stannotri methylic iodide. (Cahours.) 

This iodide is a thin colourless liquid, of specific gravity 2*153 at 18°, and boiling at 
188° — 190°. Vapour-density (at 260°) -■ 10*325; calc. ** 10*049. It has a pungent 
odour like that of muBtard-oil, but not so strong as that of the corresponding ethyl- 
compound. It remains liquid at the temperature of a mixture of ice and salt, but 
solidifies immediately- at that of a mixture of ether and solid carbonic anhydride. 
(Cahours.) 

Oxide and Hydrate. — When the iodide is mixed with excess of potash-ley, the 
hydrate remains dissolved, but passes over on distilling tho liquid, and collects m the 
receiver, together with water, as an oil which solidifies to a crystalline mass ; and by 
pressing this mass between paper, and again rectifying, it may be obtained in colourless 
transparent prisms* It volatilises without decomposition, but, when heated for som# 



884 Tm-EiDICEES;OIWyANXC. 

time to a temperature near its boiling-point, it is resolved into water and anhydrous 
sta n notrimethy 1-oxide. It is sparingly soluble in water, more soluble in alcohol; the 
solutions are alkaline, and neutralise the strongest acids. 

Oxygen- salts. — These salts are nearly all soluble, crystallise easily, are isomor- 
phous with the corresponding stannotriethyl-salts, and volatilise without decomposi- 
tion, emitting a pungent odour. 

Formate, Sn(CH*) , (CHO ? ). — Somewhat concentrated formic acid, added to a satu- 
rated solution of the oxide, produces a precipitate which redissolves on heating the 
liquid, more easily on addition of alcohol. The solution, if left to evaporate, yields 
fine prismatic crystals, which melt at a gentle heat, and sublime without decomposi- 
tion at a higher temperature. They dissolve easily in alcohol and ether. — The acetate , 
Sn(CH*) , ((?H , 0 2 ), is prepared like the formate, which it resembles in external 
characters. It volatilises without decomposition, dissolves easily in alcohol, less 

easily in water. —The sulphate, Sn*(CH*) a (S0 4 )", crystallises in small, colourless, shining 
prisms, easily soluble in water and in alcohol. (C a hours.) 

Stannic Methide, or Stannotetramethyl, Sn(CH*) 4 . Stannodimethyl. Stan - 
nobimethyl , — This compound is produced by the action of zinc-methyl on stannic di- 
iododimethide, or stannic iodotrimethide, thus : 

Sn(CH s )*I* + Zn(CH*)* « Znl* + Sn(CH*) 4 . 

2Sn(CiF)U + Zn(CH 3 )* - Znl* + 2Sn(CH 3 ) 4 . 

Also, together with metallic tin, by the distillation of stannous methide : 28n(CH*)* 
« Sn(CH # ) 4 + Sn. 

It is a liquid having an ethereal odour, and boiling at 140° — 145°. Iodine converts 
it into mothylic iodide and stannic iodotrimethide. 

By the action of zinc-etbyl on stannic iodomethides, and of zinc-methyl on stannic 
iodo-etkidoB, stannic compounds are produced, containing both ethyl and methyl, viz. : 

2Sn(CH»)»I + Zn(C 2 H 4 ) 3 - Znl 2 + 2Sn(C 2 H*)(CIF)». 

Sn(C 2 H a ) 2 I 3 + Zn(CH*)* « Znl 2 + Sn(C 2 IP) 2 (ClI*)*. 

2Sn(C*H“)*I + Zn(CH')* - Znl 2 + 2Sn(C 2 H s )*(CII-). 

Stannic Ethotrimethidc, Sn(C*H a XCH 3 ) a , is prepared by gradually adding 
stannic iodotrimethide to zinc-ethyl in a vessel cooled by immersion in cold water, the 
zinc-ethyl being kept in excess. On distilling the product, and mixing the distillate 
with water containing a little acetic acid, stannic ethotrimetbide separates as a heavy 
oil, which is to be washed, dried with chlorido of calcium, and rectified. It is a 
colourless liquid, of specific gravity 1-243, and boiling between 123° and 128 u . 
Vapour-density, obs. (at 200°) 6-715 ; calc. =» 6 65. It has an ethereal, somewhat 

pungent odour. With iodine it forms ethylic iodide and stannic iodotrimethide 
(Cahours): 

Sn(C*H 4 )(ClI 1 )* + I* - C*H 5 I + Sn(CH s )*I. 

Stannic IMethodlmethide, Sn(C J H a ) 2 (CH s ) 2 , is obtained by gradually adding 
stannic di-iododiothide to an ethereal solution of zinc-methyl, keeping the latter in 
excess, and proceeding as in the preparation of the last-described compound. 

It is a clear colourless liquid, having a faint ethereal odour, and metallic taste. 
Spociflc gravity — 1*232 at 19°. It remains fluid at —13°, and boils between 144° 
and 146°. Vapour-density, obs. (at 199°) 6 838; calc. » 7*138. It is easily set on 

fire, and is decomposed by chlorine, bromine, and iodine, which take from it 1 at. methyl. 

Iodine dissolves in the liquid with carmine- red colour, which disappears slowly in 
the cold, more quickly on application of heat. On adding an excess of iodine, removing 
this excess after a while by means of metallic mercury, and distilling, methylic iodide 
passes over first ; the boiling-point then quickly rises to 207°, at which temperature 
very little passes over ; and there remains a straw-coloured, somewhat oily, intolerably 
pungent liquid, having a specific gravity of 2 033 at 15°, and the composition of 
Btannosostannie iododiethide, Sn"(C 2 H 4 ) , I. It remains liquid at — 1 3°, and begins to 
boil at 208° ; but the temperature quickly rises, and at 230°, an abundant separation 
of iodide of tin takes places. The liquid is, perhaps, a mixture of stannic di-iododi* 
othide, Sn(C 2 H a ) 2 I\ and stannous ethide, Sn(C*H a )\ (Frankland.) 

Stannic diethodimethide, treated with aqueous hydrochloric acid, gives off a mixture 
of ethylic and methylic hydrides (more than four times as much of the former as of the 
latter), and is converted into a crystalline salt, probably a mixture of stannic dichloro- 
diethide and stannic dichlorodimethide. (Frankland.) 

Stannic Tricttiomctmdct Sn(C*H*)*(CH*), is produced by the action of stannic 
fodotriethide on sine-methyl, and separates, on treating the distillate with acidulated 
water, ss a heavy oi^ which any be purified as above. It is a colourless liquid, hating 
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an ethereal odour, boiling at 162° — 163°,, and is converted by Iodine into mcthylic Iodide 
and stannic iodotriethide. (Cahours.) 

y , Amyl-compounds: Stannamyls. 

These compounds, investigated, under Lo wig’s direction, by A, Grimm (Ann, Ch, 
Pharm. xcii. 383 ; Jahresb. 1854, p. 543), are produced by the action of ainylic iodide 
on an alloy of I pfc. sodium and 6 pts. tin, the process being conducted as in Lowig’s 
method of preparing the stannethyls (p. 826), The distilled product contains the 
compounds Sn ^C'H. 11 )*, [Sn rf (C A H l, ) # ]*, and Sn ,T (C 5 H u )\ homologous with the stann- 
ethyls, and, according to Grimm, also a compound containing Su 4 (C i H ,1 ) i 1 

The stannamyls are unctuous masses, insoluble in water, easily soluble in ether, and 
moro soluble in alcohol in proportion as they contain less tin. They have not a very 
pungent odour, and do not fume in the air. Tney reduce silver-solution, and are oxidised 
with great violence by nitric acid. Bromine also acts violently on them ; and iodine, 
in alcoholic solution, attacks them with evolution of heat. Their ethereal solutions 
oxidise when evaporated in contact with the air. The oxides have an alkaline miction, 
dissolve in acids, and are separated from the solution by ammonia. Neither the 
radicles nor their compounds can be volatilised without decomposition. According to 
Grimm, all the stannamyls abovo mentioned act as radicles, uniting with oxygen, 
chlorine, iodine, &c. With respect to stannic amylide, Sn^C*!!*) 4 , however, this 
statement is very improbable, inasmuch as the corresponding ethyl- and methyl-com- 
pounds react as saturated molecules, not as radicles. Altogether, the investigation of 
the stannamyls must be regarded ns imperfect; they have not, indeed, been separated, 
one from the other, with s^icient accuracy to give any value to tho spocial description 
their properties, or of those of their compounds. 

TZEOLITE. Syn. with Tyrolitb, 

?”l£fc T Icri».S 866 (P- « 44 )- 

TXTAirXFiraotrS XSOir. See Titanates or Iron (p. 846). 

TXTAXOrZTB. Syn. with Sphene (p.398). Hau tefeuillo (Compt. rend. lix. 
698; Jahresb. 1864, p. 216) has obtained crystals having tho form and composition of 
spliene, by fusing in a platinum crucible a mixture of 3 pts. silica and 4 pts. ti .aiiic 
oxide covered with chloride of calcium. If a small quantity of manganous chloride 
be added to the mixture, crystals of greonovite are obtained. If the mixture, in the 
fused state, be exposed to an atmosphore of aqueous vapour and carbonic acid, or 
(better) of air saturated with aqueous vapour and hydrochloric acid, crystals of peroWB- 
kite, GV'Ti w O J , aro obtained. (See Titanates, p. 845.) 

TITANIUM. Symbol, Ti ; Atomic weight, 60. — A metallic clement discovered, 
in 1789, by Gregor, in the monaccanite (titaniferoue ironsand) of Cornwall, and 
thence named, by Kirwan, Menachin. Klaproth, in 1795, discovered a new metal 
in rutile, which he called Titanium ; but on subsequent investigation, in 1797, bo found 
that this metal was identical with tho menachin of Gregor. The name titainium has, 
however, been universally adopted. The preparation and properties of titanium aud 
its compounds have been studied chiefly by Borzoi i us, Wohler, and H. Kose. 

Titanium is one of tho rarer metals, and is never found in tho metallic slate. The 
most important titanium minerals aro rutile, brookitc, and anatase, which consist of 
titanic oxide, TiO 1 , and the several varieties of titanifr-roua iron, consisting of ferrous 
titan&to, sometimes alone, but more generally mixed with ferric or ferrosoderric oxide. 
Titanium likewise occurs native, as titanate of calcium, in perowskite; as silico-titanate 
of calcium in sphene or titanite; and as titanate of cerium, yttrium, &c., together with » 
tantalates and niobates, in sesohynite, euxenite, polymignite, poly era so, and pyrochlore. 
Small quantities of titanium are found also in many iron-ores, and it has been detected 
by Maz ade (Compt. rend, xxxiv. 952) in the mineral water of Ncgrac (Ddp. d’Artche) 
in France. 

When titaniferous iron-ores are smelted in the blast-furnace, small cubid/flyftals of 
a bright copper-colour are found on the Blag which adheres to the lower part of the 
furnace. These crystals were long supposed to be metallic titanium, but.Wohler 
(Ann. Ch. FhArm. Ixxiii. 34) has shown that they also contain carbon and nitro- 
gen. — being, in fact, a compound of cyanide of titanium with nitride of titanium, 

TiCy* SKrTi 1 . 

Pure titanium is obtained by beating the double fluoride of potassium and titanium 
with potassium in a covered crucible. The metal is then set free, with vivid incandes- 
cence, and the fluoride of potassium may be removed by washing with water. Titanium 
thus obtained is a dark-green, heavy, amorphous powder, which docs not exhibit any 
Rhode of copper-colour, even after pressure ; under the microscope it appears as a 
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cemented mass, having the colour and lustre of iron. Metallic titanium i a t 
obtained by mixing titanic oxide with one-sixth of its weight of charcoal and export 
it to the strongest heat of an air-furnace. It was thus obtained, in the form of a 
copper-coloured qr gold-coloured powder, by Vauquelin, Lampadius, and others ; but 
possibly the charcoal which they used may hare contained nitrogen, and that element 
may have united with the reduced metal. 

Pure titanium (prepared from the double fluoride) bums with great splendour 
when heated in the air, and, if sprinkled into a flame, is consumed, with brilliant scin- 
tillations, at a considerable distance above the point of the flame. When heated to 
redness in oxygen-gas, it bums with a splendour resembling a discharge of electricity. 
In chlorine-gas it exhibits similar phenomena, requiring ulso the aid of heat to set it 
on fire. Mixed with red lead and heated, it burns with such violence that the mass is 
thrown out of the vessel with loud detonation. Titanium does not decompose water 
at ordinary temperatures, but on heating the water to the boiling-point, hydrogen 
begins to escape. Warm hydrochloric acid dissolves titanium, with brisk evolution of 
hydrogen. Ammonia added to the solution throws down a black oxide ; and on 
heating the liquid, hydrogen is evolved ; and the precipitate first turns blue, and is 
afterwards converted into white titanic acid. 

Titanium, in its most important compounds, is totratomic, titanic oxide being TiO* 
and the corresponding chloride, TiCl*, analogous to the oxide and chloride of silicon ; 
it also forms a sesquioxido, Ti’W, and a corresponding trichloride, TiCl 3 . 

TITANIUM, ALIiOTS OS 1 * These alloys have not been much examined. A 
compound of titanium and aluminium, Al 3 Ti, is obtained by exposing 10 pts. titanic 
oxide, 30 pts. cryolite, and 30 pts. of a mixture of equal weights of potassium- and 
sodium-chlorides, for an hour, to the heat of melting silver, and dissolving out the 
excess of aluminium from the resulting rcgulus with hydrochloric acid. It forms 
pinchbeck-brown, microscopic, quadratic laminae, which, when heated in hydrochloric 
acid gas, are resolved into chlorido of aluminium and chloride of titanium. (Wohler 
and Michel, Ann. Ch. Pharm. cxiii. 248 ; cxv. 102 ; Jaliresb. 1860, p. 129.) 
Respecting the alloys of titanium and iron, see Ibon, iii. 370. 

TXTikarxiraC, BBOMIDE OF* Only one bromide of titanium is known, 
namely the tetrabromi de, TiBr 4 , which is obtained by passing bromine- vapour over 
an ignited mixture of charcoal and titanic oxide. It then distils over as a red liquid, 
which solidifies in the receiver to a crystalline mass. When freed from excess of 
bromine by redistillation with mercury, it forms an amber-yellow mass, having a beau- 
tiful crystalline structure and a density of 2-6, melting at 39°, and boiling at 230°. It 
quickly absorbs moisture, and in contact with water, is resolved into hydrobromic acid 
and titanic acid. * 

TITANIUM, OBLOBIBEB OF* Titanium forms two chlorides, TiCl* and 
TiCP. 

The Trichloride, or 7'ttanous Chloride, discovered by Ebelmen (Ann. Ch. 
Fbys. [3], xx. 385), is produced by the action of hydrogen on the totrachloride. To 
prepare it, pure and dry hydrogen-gas is passed into titanic chloride contained in a 
tubulated retort, by moans of a delivery-tube dipping into the liquid. To the neck of 
the retort is adapted a tube of glass or porcelain (if of glass, it should be wrapped in 
copper-foil), which passes horizontally through a furnace, projecting considerably 
beyond it, and terminating in a tubulated receiver to collect the titanic chloride which 
passes undecomposed through the tube. As soon as the apparatus is completely filled 
with hydrogen, the tube is heated to redness, and the retort containing the titanic 
chloride is goutiy warmed. Titanous chloride is then produced, and condenses in the 
part of the tube which projects beyond the furnace, the process being finished as soon 
as all the titanic chloride is driven out of the retort. The projecting part of the tubo 
is then to be gently warmed, while hydrogen is continually passed through it in order 
to drive all the undecomposed titanic chloride into the receiver, and the titanous 
chloride.il then left to cool in the current of hydrogen. 

Titan$y chloride forms dark-violet scales, having a strong lustre. When heated in 
a porc l^gln dish in contact with the air, it gives oft 1 vapours of titanic chloride, and 
leaves tifcjio. ojido. It deliquesces in the air at ordinary temperatures, and is gradu- 
aJMPflec SnpbSyf in tho same manner. Titanous chloride dissolves in water, forming 
BOBU ti on, which gradually loses its colour, and deposits titanic acid. From 
Hie ACprepuB solution* alkalis and alkaline carbonates throw down dark-brown titanous 
hydrate ; the stfme precipitate is formed by sulphide of ammonium ; sulphuric acid pro- 
duces no reaction. The solution of titanous chloride is an extremely powerful deoxi- 
dising agent, reducing the noble metals from their solutions, converting cupric and 
ferric salts into cuprous and ferrous salts respectively, and separating sulphur from 
sulphurous acid when heated therewith. (Ebelmen.) 
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A violet-rod solution of titan ous chloride is also produced by’boiling'Oi digesting a 
solution of titanic acid in hydrochloric acid with finely-divided silver, (v. Kobe 11.) 

Tetrachloride of Titanium, or 7'itanic Chl&ride , — This compound is pro* 
duced by heating titanium, or nitride of titanium, in chlorino-gas. It is prepared in 
the same manner as chloride of silicon — namely, by mixing finely-divided titanic oxide 
to a paste with oil and charcoal, heating the mixture in a covered crucible, and 
igniting the charred mass in a porcelain tube through which a current of chlorine is 
passed. The titanic chloride is collected in a cooled receiver, freed from excess of 
chlorine by agitation with copper or mercury, and then rectified. If native rutile has 
been used in the preparation, ferric chloride is likewise produced ; but the titanic 
chloride is easily separated from it by decantation and redistillution. 

Puro titanic chloride is a colourless, transparent, heavy liquid, having an acid pun* 
gent odour, and emitting white fumes on exposure to the air. It has a specific gravity 
of 17609 at 0 °, does not solidify at —26°, and boils at 135°. Vapour-density, obs. 

6*836 (Dumas) ; calc. (2 vols.) = 6*653. When exposed to the air, it absorbs mois- 
ture, and gradually solidifies to hydrated titanic chlorido, which dissolves in a larger 
quantity of water. According to Mens (Bull. Soc. Cliim. 1867, i. 401) the product 
thus formed is an oxychloride, TiCl 4 .3TiO a .16tt a O (nearly), which gives off part of its 
chlorine, as hydrochloric acid, when pluccd over quicklime, more when heated to 
100 °, and nearly all the romaindor at 180°. On mixing the anhydrous chloride with 
water, combination takes place, attended with so great a rise of temperature that the 
muss is scattered about. To obtain a cloar aqueous solution of the chlorido, it must 
be added to cold water by small quantities, en.ro being taken that the liquid does not 
become heated. On heating, and ovaporating tlio aqueous solution, hydrochloiic acid 
is evolved, and titanic acid is precipitated. Titanic chloride is not decomposed by 
jMktussium at its boiling-point- ; but when its vapour is passed over heated potassium 
or sodium, the titanium is reduced, with incandescence, and evolution of heat sufficient 
to molt the glass at the point where the reaction takes place. (H. Rose.) 

Titanic chloride forms a number of compounds, analogous to those of stannic 
chloride : — 

a. With Ammonia, TiCl*.4NH* - (N 4 II , 2 Ti*)Cl 4 (Wohler); TiCP.SNIl® 
(Porsoz). — Dry ammonia-gas, passed over titanic chlorido, is rapidly absorbed, with 
great evolution of heat. The saturated compound is a brown-red powder (Rose), 
iwdo-ypllow (Porsoz), which quickly decomposes in contact with the air. . When, 
heated in ammonia-gas, it is converted into nitride of titanium (p. 841). By ignition 
in hydrogen, it yields a yellow compound. When heated by itself, in a glass tube, it 
first gives off ammonia, then chlorino of ammonium and hydrochloric acid, leaves a 
residue of metallic titanium, and yields a yellowish-white sublimate, consisting of a 
double chloride of ammonium and titanium, containing 3NIi 4 Cl.TiCl 4 , or 6N1I 4 CI. 
TiCl 4 , according to the mode of preparation. This double salt is soluble in water, 

(K. Rose.) 

fi. With Chlorido of Cyanogon, 2 TiCl 4 .Cy*Cl 2 . — Already described under Cya* 
nookn (ii. 280). 

7 . With Hydrocyanic Acid, TiClMICy. (See ii. 220 .) 

3. With Pnosplioretted Hydrogen. — Titanic chloride absorbs dry phospho- 
rotted hydrogen-gas, forming, when saturated, a brown solid body, which fumes in 
contact with the air. It is decomposed by water, hydrochloric acid, potash, ammonia* 
and their carbonates, giving off phosphoretted hydrogen with effervescence. Gascons 
ammonia likewise expels the phosphoretted hydrogen nt ordinary temperatures, Con- 
verting the brown compound, for the most part, into tho ummonio-totrueliloride- above 
described. The brown compound, when heated in a close vessel, gives off a little 
hydrochloric acid and phosphoretted hydrogen, and yields a yellow sublimate, con- 
taining 3TiCl 4 .2H*P.2HCl, which likewise gives off pliosphorctted hydrogen when 1 
treated with water, acids, or alkalis. (H. Rose, Pogg. Ann. xlii. 627.) 

«. With Tetrachloride of Sulphur. (Seo p. 636 of this volume.) 

With Chloride of Ammonium (see above). ^ 

TXTAHZVM, CTA1TX9IS 07. See Cyanides (ii. 273). 

TZTAITXVM, D1TB6TZOV AJTD BBTXMATXOW £7, 1. fikmptpe 

Reactions, — Tho oxides of titanium are not reduced to the metallic itfljpV jwB 
heated on charcoal before the blowpipe, a character by which titanium 
from tin. 

Titanic oxide mixed with borax, or (better) with phosphorus-salt, forms in incomer 
blowpipe-flame a colourless glass ; but in the inner flame, a glass which i4 yellow while 
hot, but assumes a violet colour on cooling. The same character is exhibited by 
those salts of titanic acid whose bases do not themselves impart any colour to the 
bead. If the titanic oxide contains iron, the colour of the bead is brown-red or blood* 
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ted, instead of violet Many titanates yield the violet colour only with phosphor** 
ealt f not with borax. The colour is produced more readily by heating the substance 
on charcoal than on platinum-wire. According to Riley (Chem. Soc. Qu. J. xii. 33 . 
Jahresb. 1859, p. 678), the delicacy of the reaction is much increased by melting a little 
metallic zinc in the phosphorus-salt bead, a distinct coloration being then produced, 
as the zinc is burnt away, even with very minute quantities of titanium. 

2. Reactions in Solution. — Titanic acid and the neutral titanatos Are insoluble 
in water, but dissolve in acids, especially in hydrochloric and sulphuric acids. From 
these solutions the titanic acid is precipitated by boiling, imperfectly from the 
hydrochloric, completely from the sulphuric solution. — Caustic alkalis and alkaline 
carbonates likewise throw down from these solutions a white gelatinous precipitate 
of titanic acid. In the hydrochloric solution, containing us little free acid as possible, 
infusion oj galls produces an orango-coloured precipitate. — Ferrocyanide of potassium 
forma, in the same solution, a dark-brown precipitate. — Metallic tin, immersed in a 
solution of titanic acid in hydrochloric acia, eliminates hydrogen, assumes a violot- 
blue colour, and, if the solution is not too dilute, throws down a dark- violet precipitate 
(protoxide of titanium?), which gradually turns white by oxidation. The violet-blue 
solution, when diluted with water, assumes a rose-colour, which often remains unal- 
tered for several days. This reaction serves for tho detection of very small quantities 
of titanium, (v. K obeli.) 

Titanous oxide dissolves in acids, forming violet solutions, in which alkalis and 
alkaline carbonates form a dark-brown precipitate of titanous hydrate, gradually 
changing, with evolution of hydrogen, into titanic acid. — Carbonate of calcium precipi- 
tates titanous oxide completely from its solutions. — Sulphydrie acid produces no 
Alteration ; sulphide of ammonium throws down brown titanous hydrate. The solu- 
tion of titanous salts act as powerful reducing agents, precipitating gold , mercury , and 
silver from their solutions in tho metallic state. Titanous chloride throws down 
white cuprous chlorido from the solution of a cupric salt , and roduces ferric to ferrous 
salts . (Ebelmen). 

' 3. Estimation and Separation. — Titanium is always estimated in the form of 
titanic oxide, TiO*. This compound is best precipitated from its solutions in acids by 
ammonia, which throws it down in the form of a very bulky hydrate (titanic acid) 
resembling hydrate of alumina. A great excess of ammonia must be avoided, as it 
would redissolve a small portion of the titanic acid. The precipitate, after ignition, 
contains 60 por cent, of titanium. 

If tho titanic acid, after precipitation by ammonia, is to be redissolved in acids, 
which is sometimes necessary in order to separate it from other metals, great care 
must be taken in tho precipitation to avoid all rise of temperature ; and the precipitate 
must bo washed with cold water, bocause heat has the effect of rendering titanic acid 
more or loss insoluble in acids (p. 844). 

Titanic acid may also, in some cases, bo separated from its acid solutions by boiling ; 
from the solution in sulphuric acid, complete precipitation is effected by this method; 
but when hydrochloric acid is the solvent, a small portion of titanic acid always re- 
mains in solution after boiling. 

Titanic oxiclo (rutile, &c.) and its insoluble compounds are most easily rendered 
soluble by fusion with acid sulphate of potassium. The best mode of proceeding is to 
fuse in a platinum-crucible a quantity of tho acid sulphate equal to about six times 
the weight of the titanato, add the mineral in extremely fine powder to this cooled 
mass, and fuse again till tho whole flows quietly, and the powder is completely dis- 
solved. Tho fu^od mass is then dissolved in a largo quantity of cold water, and the 
solution precipitated by boiling. 

Besquioxide of titanium is precipitated from its solutions by ammonia, and the pre- 
cipitate, after standing from 24 to 36 hours, is converted, with evolution of hydrogen, 
into titanic acid, in which form it may be estimated. 

From tho alkalis and alkaline earths, titanic acid may be separated by ammo- 
nia , the solution, in the latter case, being carefully excluded from the air. Baryta 
aud strontia may also be separated by sulphuric acid. 

Titanic acid is separated from magnesia by boiling, if the two are dissolved in 
sulphqric acid; aud by precipitation with carbonate of barium, when hydrochloric arid 
is%e solvent 

Th»#paration from alumina, glucina, y ttria, and thorina is also effected by 
0 ■ boiling the sulphuric acid solution. 

From sir coni a, titanic acid maybe separated by mixing the nearly neutralised 
solution with hyposulphite of sodium, and boiling till no more sulphurous anhydride 
is given off. The titanic arid is then completely precipitated, while the xirconia re- 
mains in solution. 
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From cerium and the allied metals, titanium is separated by precipitating the 
former with sulphate of potassium. ^ 

From the metals which are precipitated as Bulphides by sulphide of ammonium—- 
vis., manganese, iron, cobalt, nickel, uranium, and nnc — titanium is sepa- 
rated by mixing the acid solution with tartaric acid and excess of ammonia (which 
then forms no precipitate), and adding sulphide of ammonium, which precipitates 
everything but the titanium. The filtered solution is then evaporated to dryness, and 
the residue ignited in a platinum-crucible to expel ammouiacal salts, and burn away 
the carbon of the tartaric acid. As this carbonaceous matter is very difficult to burn, 
the ignition should either be performed in a muffle-furnace, or a stream of oxygen 
should be very gently directed into the crucible. The residue consists of titanic oxide, 
which may then be weighed. 

The separation of titanium from iron may also be effected by precipitation with 
hyposulphite of sodium, the process being conducted exactly in the same manner os in 
separating aluminium from iron (i. 165). — For Itiley’s method of estimating titanium 
in pig-iron, see Iron, C arbu retted (iii. 376). 

From molybdenum, tungsten, and vanadium, titanium may bo separated by 
moans of sulphide of ammonium, which dissolves those metals as sulphides, and pre- 
cipitates the titanium as titanic acid. 

From bismuth, cadmium, copper, lead, tin, &c., titanium is easily separated 
by sulphydric acid. 

Titanium may also be separated from t i n, by fusing a mixture of stannic and titanic 
oxides with sulphur and carbonate of sodium. On treating the fused mass with water, 
the whole of the tin dissolves as sulphostannate of sodium, while the titanic acid remains 
undissolved, together with a small quantity of sodic titanate, which may be decom- 
posed by ignition with sal-ammoniac ; the chloride of sodium thereby formed may bo 
dissolved out by water, leaving pure titanic acid. 

From silicon. — When silicates containing small quantities of titanic acid are 
decomposed, in the usual way, by treatment with acids, or by fusion with an alkaline 
carbonate, the silica separated by evaporation, &c. f and tho alumina, ferrous oxide, 
and manganous oxide precipitated by ammonia, the greater part of tho titanic acid 
will be found in this precipitate, whilo tho smaller portion remains with tho silica. 
The latter is treated with hydrofluoric and sulphuric acids, and tho residue, consisting 
of titanic oxide, is mixed with the previously ignited precipitate of alumina, &c. This 
mixture is then fused with twice its weight of acid sulphate of potassium till tho 
excess of -sulphuric acid is for tho most part volatilised, and the cooled mass is dis- 
solved in water ; whereby, if tho operation has been well conducted, and the silica 
completely removed, a perfectly clear solution will be obtained. This solution is 
largely diluted, and sulphydric acid gas is passed through it, till the whole of the 
ferric oxide is reduced to ferrous oxide ; and the solution, without previous filtration, 
is boiled for half an hour, while a stream of carbonic anhydride is continually passed 
through it (to prevent oxidation of tho ferrouB salt). The titanic acid is thereby 
completely precipitated, whilo all tho other substances remain in solution. (Scheerer, 
Ann. Ch. Pharm. cxii. 1 78.) 

In treating titaniferous silica with hydrofluoric acid to expel tho silicon, tho addi- 
tion of sulphuric acid is indispensable, as otherwise a portion of the titanium will also 
he volatilised as fluoride. (Ri ley, Cbem. Soc. Qu. J. xv. 31 1 ; Jnhresb, 1802, p. 690.) 

From tantalum and niobium, titanium is separated by furing the mineral with 
acid sulphate of potassium, and treating the fused mass with cold water, which 
dissolves only the acid sulphate of titanium (iv. 61 ; v. 664). 

Volumetric Estimation. — A method of estimating titanium volumetrically is founded 
on the reducibility of titanic oxide to titanons oxide by zinc in an acid solution, and 
the oxidability of the latter by permanganate of potassium. The titanic acid is dis- 
solved in hydrochloric acid (if sulphuric acid is present, the titanic acid must first be 
precipitated by ammonia and then redissolved), the solution warmed with metallic 
zinc (in a flask provided with a vertical tube, so as to exclude the air as much as pos- 
sible), till the colour of the liquid no longer increases in depth ; and the solution, after 
dilution with de-aemted water, is mixed with permanganate of potassium, till the rose- 
fed colour of the latter becomes manifest. Bach atom of iron corresponding to {he 
permanganate gives 1 at. titanium. (F. Pisani, Compt. rend, lix.208; Jahresb. 
1864, p. 705.) 4 

A mixture of titanic oxide and ziroonia is first rendered soluble by fission with acid 
sulphate of potassium ; the titanic add is then determined as above, and tho zirconia 
by difference. 

Ferric oxide is reduced by zinc before titanic acid, and ferrous oxide is oxidised by 
the permanganate after it. To estimate iron and titanium together, the permanganate 
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is added till the violet colour disappears, and a drop of the liquid begins to be cofonmd, 
by sulphocyanate of potassium. The quantity of permanganate required for this pur* 
pose gives the titanic acid, and by further addition the iron may be determined. Or 
the ferric oxide may be reduced by sulphurous or sulphydricacid (neither of which acts 
upon titanic acid), and volu metrically determined by itself. In a mixture of titanic 
acid, zirconia, and ferric oxide, the first and third are determined as just described, 
and the zirconi a by difference. (Pisani.) 

4. Atomic Weight of Titanium. — H. Bose, in 1829 (Pogg. Ann. xv. 145), do* 
termined the atomic weight of this metal by decomposing a weighed quantity of titanic 
chloride, TiCl 4 , with water, precipitating the titanic acid with ammonia, and estimating 
the amount of chlorine in the filtrate with nitrate of silver. In four experiments, 
100 pts. titanic chloride yielded, as a mean, 301*7 pts. silver-chloride; whence (for Ag 
■■ 108, and Cl = 35*5) the atomic weight of titanium was found to be = 48*26. 

An essentially similar method was followed by Pierre in 1867 (Ann. Ch. Fhys. 
[3], xx. 267), who, however, made use of a titrated silver-solution, instead of weighing 
the chloride of silver. In five experiments, each made with from 700 to 800 milli- . 
grammes of titanic chloride, he found that 100 pts. of that compound required to pre- 
cipitate the chlorine contained in them from 224*58 to 225*63 pts. silver. Hence Ti 
falls botween 49*50 and 50*38, and, as a mean result of the five experiments, Ti « 
60*10. The whole number, 50, is now generally adopted. 

TXTAJrnrxa, 7LTJORXDB or. Titanoua Fluoride , TiF 3 , is obtained 
(though impure) as a violet powder, by igniting potass io- titanic fluoride (infra) in a 
stream of hydrogen-gas, and treating the resulting mass with hot water. (It. Weber, 
Pogg, Ann.cxx. 287 ; Jahresb. 1863, p. 211.) 

Titanic Fluoride, TiF 4 , is obtained by distilling a mixture of fluor-spar and tita- 
nic oxide with fuming sulphuric acid in a platinum apparatus ; it then passes over as a 
fuming colourless liquid (Underdorben). By dissolving titanic acid in hydrofluoric 
acid, and evaporating, a syrupy liquid is obtained, which deposits crystals of titanic 
fluoride. Theso crystals are resolved by water into solublo hydrotitanic fluoride, and 
insoluble titanic oxyfluoride. 

Hydrotitanic Fluoride , H 2 TiF° « 2HF.TiF 4 , is produced, as just stated, in the 
decomposition of titanic fluoride by water ; also by dissolving titanic oxide in aqueous 
hydrofluoric acid (Berzelius). It is an acid, and, when neutralised with bases, 
yields double salts of titanic fluoride, represented by the general formula, 2MF.TiF 4 . 

Ammonio-titanic Fluoride, 2NII 4 F.TiF 4 , is produced by adding ammonia to aqueous 
hydrotitanic fluoride, till the precipitated titanic acid no longer redissolves. On eva- 
porating the liquid, it separates in shining scales, which, when heated in a platinum 
apparatus, yield, much below a red heat, a sublimate of ammonium-fluoride, leaving 
a residue probably consisting of NIPF.TiF 4 . (Berzelius.) 

Cal cio- titanic Fluoride forms prismatic crystals, which dissolve without decomposition 
in acidulated water, but arc decomposed by pure water, with separation of a whito 
powder. — Cupro-titanic fluoride , obtained by mixing tlio solutions of the component 
fluorides, crystallises in long, pale, blue-greon needles, soluble without decomposition 
in acidulated water. — The ferric salt , 2FeF*.TiF 4 , is produced by mixing the solutions of 
the component salts. The yellow solution leaves, on spontaneous evaporation, a yellow 
syrup, and when gently heated, a pale-yellow crystalline mass, soluble in water without 
decomposition. — Tlio magnesium-salt , prepared in like manner, separates by spontaneous 
evaporation in long needles, which have a bitter taste, are decomposed by pure water, 
but dissolves without decomposition in acidulated water. — The lead-salt, prepared in 
like manner, forms small colourless crystals, which have a sweet and afterwards an 
astringent taste, and dissolve readily in water without decomposition (Berzelius). — 
'the n ickel-salt, Ni L'^.TiF'.fllPO, is produced by dissolving titanic acid and nickel-oxide 
in hydrofluoric acid, and separates in green, easily soluble crystals. (W eber.) 

The potassium-salt, 2KF.TiF 4 , prepared like the ammonium-salt, crystallises in 
scales, which, when dry, aro milk-white, and have a silky lustre (Berzelius).— 
Wohler prepares* it by fusing very finely-pounded rutile in a platinum-crucible with 
twico its weight of potussic carbonate, and dissolving tho fused and pulverised mass 
in a platinum-dish, in the requisite quantity of dilute hydrofluoric acid. Tho double 
fluoride thoMpSrtly crystallises out, and on beating the liquid to the boiling-point, 
adding wntefdf necessary till the salt is redissolved, and filtering hot, the greater part 
separates in shining scales, so that the entire liquid solidifies to a pulp. The salt is to 
be washed on it filter with cold water, pressed between filter-paper, and crystallised 
from boiling water. It forms nacreous scales when dry, and melts without decomposi- 
tion at a white heat. 

The sodium-salt forms indistinctly crystalline crusts, more soluble than tho potaa- 
eium-salt. (Berzelius.) 
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' TXTAwlOM, XO&XOI OF. Til*. (R. Weber, Pogg. Ann. lzx. 287.— Haute- 
feu i He, Bull. Soc. Chem. 1867, i. 201.) — Produced: 1. Bypassing iodine-vapour 
orer ignited titanium (Weber). — 2. By passing dry hydriodic acid 'gas into titanic 
chloride gradually heated to its boiling-point, and maintained at that temperature till 
the transformation is complete : the small quantity of free iodine which gives the pro- 
duct a violet tinge may be removed by three or four distillations in a stream of 
hydrogen (Hautefeuille).— 3. By passing the vapour of titanic chloride, mixed 
with hydrogen and iodine-vapour, through a tube heated to dull rednesB. The iodide, 
which is not very volatile, then condenses in the cold part of the tube, mixed, how- 
ever, with a large quantity of free iodine, which rendors it more difficult to purify 
than that obtained by the second method. (Hautefeuille.) 

Titanic iodide forms a brittle mass, having a reddish-brown colour and metallic 
lustre. It meltB to a brown liquid at 1 60°, remains in a state of surfusion till cooled 
somewhat below 100°, and crystallises on further cooling, in bulky octahedrons, which 
change, in a few days, to tufts of silky prismatic crystals. It has a sensible vapour- 
tension at ordinary temperatures, and fumes strongly in the air. It boils at a little 
above 360°, and distils without decomposition. Vapour-density, obs. (at 440°) -» 
18 054; calc. 19*334. The lower density found by observation indicates an in- 
creased coefficient of expansion at high temperatures, perhaps arising from dissocia- 
tion. The superheated vapour burns, in contact with the air, with a very bright flamo, 
yielding iodic and titanic oxides. 

Titanic iodide dissolves rapidly in water, but with less rise of temperature than 
the chloride. The aqueous solution, when exposed to tho air, turns brown, and yields 
titanic acid. 

TZTAJVZUM, VZTKEB18 OF. By heating the ammonio-chloride of titanium, 
4NII 3 .TiCl 4 , by itself (H. Rose), or better in a stream of ittmuoniu-mui (Liebig), a 
copper-coloured substance is obtained, which was originnlly supposed to bo metallic 
ti tu mum, but which Wohlor has shown to consist of nitride of titanium, Ti*N\ or 
moro probably Ti a N 8 = 3TiN 2 .Ti s N a ; it contains 28 per cent, of nitrogen. This 
compound is redder th°.n the cubic crystals of the blast-furnaces, which have a tinge of 
yellow. Another nitride of titanium, TiN*, is produced when titanic oxido is strongly 
heated in a stream of ammouiacul gas. Its powder is dark-violet, with a tingo of 
copper-colour; in small pieces it exhibits a violet copper-colour and metallic lustre. A 
third nitride, Ti^N 8 , or more probably 2TiN*.Ti i N* l is formed when Rose’s titanium is 
subjected to the action of a stream of hydrogen at a strong rod heat. It has a brassy 
or almost golden-yellow colour and metallic lustre. It is also obtained (mixed, however, 
with carbon) when titanic oxide is heated to redness in a stream of cyanogen-gas or 
hydrocyanic acid vapour; no cyanide of titanium is formed in this reaction. All these 
threo nitrides of titanium sustain, without decomposition, a temperature at loast equal 
to that of melting silver. Mixed in the state of powder with the oxides of copper, 
lead, or mercury, and heated, they emit a lively sparkling flame, and reduce tho oxides 
to the metallic state. When fused with hydrate of potassium, they give off ammomo- 
(Wohler, Ann. CH. Pharm. lxxiii. 34 ; Jahresb. 1849, p. 267.) 

Wohler and Dovillo (Ann. Ch. Pharm. ciii. 230; cv. 108; Jahresb. 3857, p. 
374), by heating fluoride of titanium and potassium or sodium in an atmosphere of 
nitrogen, and boiling out the cooled mass with hydrochloric acid, obtained a nitride of 
titanium in the form of a dark-brown powder, composed of brass-yellow lam in® and 
prisms. When titanic chloride is passed through a Btrongly-ignitod glass tube, in tho 
fore part of which lumps of sal-ammoniac are placed, so that this salt may bo volati- 
lised with the titanic chloride, hydrochloric acid and nitrido of titanium are imme- 
diately formed (the nitrogen being derived from the air), the latter coating the inside 
of the tube with a copper-coloured deposit. Nitride of titanium is also formed by 
heating & mixture of fluoride of titanium and potassium, chloride of sodium, ana ’ 
chloride of potassium, with aluminium ; or by heating a mixture of titanic chloride and 
hydrogen-gas with aluminium, in presence of nitrogen, 

TSTASmnMC, WXntOOTAirznS or. TiCy* 3Ti»N*. — ' This is the copper- 
coloured compound already spoken of as occurring in iron-spaedtfng furnaces, and 
formerly mistaken for metallic titanium. (See Cyaxides, ii. 273. J ^ 

TXTUXVM, 03UDX8 OF. Two oxides of titanium are Sown with te r> 
tainty, viz. Ti*0\ and TiO*; the existence of a lower oxide, ^TiO. is likewise pro- 
bable. 

protoxide of Tltaaiam, TiO ? — This oxide appears to be formed when titanic 
oxide is exposed, in a charcoal-lined crucible, to the highest heat of an air-furnace. 
Where riie oxide is in contact with the charcoal, a thin coating of metallic titanium 
is formed ; but within it is changed to a black mass, which is insoluble in all acid*) 
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is not otherwise affected by them, and ie oxidised with difficulty when heated » 
contact with the air, or fused with nitre. The same oxide appears to he W j n a* 
wet way, a b a dark-purple powder, when a fragment of sine or iron is introduced into 1 
solution of titanic acid in hydrochloric acid ; but it alters very quickly by absonJtinn 
of oxygen, so that there is considerable difficulty in studying its properties; the com. 
position assigned to it is therefore hypothetical. The blue powder is, perhaps, acorn ' 
pound of titanium-protoxide with oxide of zinc or iron. 

Sesqnf oxide of Titanium, or Tf tenons Oxide, Ti*0*.—Thia oxide is obtained, 
by passing dry hydrogen-gas over ignited titanic oxide, as a black powder, which, 
when heated in the air to a very high temperature, oxidises to titanic oxide. It is not 
attacked by nitric or hydrochloric acid ; sulphuric acid dissolves it, forming a violet 
solution (E be 1 men). — A hydrate of titanous oxide, or titanous hydrate, is formed 
(according to Fuchs) by digesting a solution of titanic acid in hydrochloric acid at 
40° or 50 c with metallic copper, and pouring the resulting violet-blue solution into 
aqueous ammonia : it then falls down as a dark-brown precipitate, while cuprous 
chloride remains in solution. Instead of copper, silver reduced by zinc may be used 
in the preparation (v. K obeli). The hydrate is likewise formed (according to 
Ebelmen) when a solution of titanous chloride is precipitated by alkalis. The dark- 
brown precipitate thereby formed gradually turns black, blue, and finally white, while 
hydrogen is evolved. The blue colour is, perhaps, due to the formation of a titanous 
titanate. 

Titanous oxide dissolves in acids, forming violet solutions; but the sulphate is the 
only titanous oxysalt that has been obtained in the solid state (see Sulphates, p. 
616). Titanous chloride has boen already described. The solutions of titanous salts 
are powerful reducing agents, and yield a brown precipitate of titanous hydrate with 
alkalis (p. 838). 

Dioxide of Titanium, Titanic Oxide or Anhydride, TiO*. Anhydrous Ti- 
tanic acid. — This oxide occurs native in three different forms : viz., as rutile and 
anatase, which are dimetric, and as brookite, which is trimetric. Eutile, which is 
the most common form of titanic oxide, occurs in acuminated dimotric prisms, isomor- 
phous with tinstone, and exhibiting the combination P . ooP . Poo . oopao (fy. 322, 
li. 160), also without Poo . For P, the length of the principal axis is 0*6442. Angle 
P : P *= 123° 8' in the terminal, and 84° 40' in the lateral edges. Twin crystals occur, 
formed in the same manner as those of stannic oxide (p. 815). The crystals cleave 
distinctly parallel to ooP and ooPao . Hardness » 6 to 6*5. Specific gravity = 
4*18 to 4*25. Lustre, metallic adamantine. Colour reddish-brown, passing into red ; 
sometimes yellowish, also black. Streak pale-brown. Subtransparent to opaque. 
Fracture subconchoidal, uneven. Brittle. 

Eutile occurs in granite, gneiss, mica-slate, and syenitic rocks ; sometimes in granu- 
lar limestone ; generally in imbedded crystals. It is found in Brazil, at Arondal in 
Norway, on the Saualp in Carinthia, in the Urals, in the Tyrol, on the St. Got- 
hard, at Yrieix in France, at Krumhennersdorff near Freiberg, in Castile, at Ohlapiftn 
in Trausyl vania, at Cairngorm in Scotland, at Craig Cailie&ch noar Killin, and in 
Benzloe m the isle of Murray, Shetland ; also at numerous localities in North America. 
It always contains from lj to 2£ per cent, ferric oxide, and sometimes stannic and 
tungstic oxides. A variety from Karingsbrioka, in Sweden, contains a small percen- 
tage of chromium, and is the titane oxydb chromifbre of Hauy. 

Anatase, the purest form of native titanic oxide, is also dimetric; but its form is 
incompatible with that of rutile, from which it also differs in its mode of cleavage, 
specific gravity, hardness, and other physical characters. It usually occurs in vory 
acute unmodified octahedrons, having the principal axis = 1*7723: and the angle 
P : P . in the terminal edges — 97° 55', in the lateral edges — 136° 30 ' ; sometimes 
also in a combination like fig. 222 (ii. 235). Respecting its physical characters, and 
the localities of its occurrence, see i. 289. ^ 

Brookite, or Arkansite, which consists of titanic oxide mixed with about 3 to 
4( per cent, ferric oxide, is trimetric, having the axes *■ 0*5941 : 1 : 0*5611. Angle 
P : P (brach.) « 135° 37'; P : P (macr.) = 101° 3\* P : P (basal) - 95° 22'; 
ooP : odF2 » 99° 50*. The crystals frequently exhibit the combination oo£oo . 
ooP2 , P, like Jig. 273 (ii. 148), together with other pyramids and horizontal prisms, 
Xnd are generally flat between the prodominant faces aof’oo ; often also of pyramidal 
Character, exhibiting the faces P, ooP2 equally developed, like fig. 272 without foe. 
(Kopp's Kry&tdUographie, 2te Aufl. p. 267). Forthe physical characters and the loca- 
lities of brookite, see i. 680. 

. Preparation. — Pure titanic oxide may be prepared from rutile, or from the several 
varieties of titaniferous iron ; in the latter case a considerable portion of the iron 
piay be removed by repeatedly boiling the pulrerised mineral with hydrochloric acid. 
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H. Hose fhsee the very fiuely-divided mineral with 3 pit. potaasie carbonate, and treats 
the fused potassic titanate thus obtained with cold water. The excess of alkali is 
thereby removed, together with silicate, m a n ganat e , and st&nnate of potassium ; whilst 
acid titanate of potassium remains undissolved, together with ferric oxide, and 
perhaps a small quantity of stannic oxide. This residue is washed on a filter with 
cold water, till the wash-water begins to run through milky, and then dissolved in 
concentrated hydrochloric acid. To obtain pure titanic acid from this solution. Bar- 
thier dilutes it with a considerable quantity of water, passes sulphydric acid gas 
through it to precipitate any tin that may be present, and adds ammonia to the filtered 
liquid as long as any precipitate is thereby produced. This precipitate contains 
titanic acid contaminated with sulphide of iron, and perhaps also, with sulphide of 
manganese. The liquid (which should smell strongly of ammonium-sulphide) if to 
be well shaken, and then left to clarify by subsidence; afterwards decanted, and 
the precipitate troated with concentrated aqueous sulphurous acid, which com- 
pletely dissolves the sulphides of iron and manganese, but leaves the titanic acid 
undissolved ; the latter may then be collected on a filter, and washed. The solution 
in hydrochloric acid may also be boiled with sulphite of ammonium as long as the 
resulting precipitate continues to increase; this precipitate then consists of pure 
titanic acid, the whole of the iron remaining in solution as ferrous salt. The precipi- 
tate must be washed on a filter, out of contact with the air, to provent the formation 
and precipitation of ferric oxide, and then ignited. (Bert hi or.) 

Wohler melts finely-pulverised rutile, in a platinum-crucible standing in an earthon 
crucible, with twice its weight of potassic carbonate, and dissolves the pulverised mass 
in dilute hydrofluoric acid, whereupon potassio-titanic fluoride separates in crystals. 
To dissolve this compound, the mass is heated to the boiling-point, with addition of 
water, if necessary, and tho liquid is fllterod as hot as possible. If excess of hydro- 
fluoric acid be avoided, tho solution may bo effected in a glass vossol. The potassio- 
titanic fluoride, which separates in shining crystal lino scales on cooling, is washed on 
a filter with cold water, and purified by rccrystallisution from boiling water ; its hot 
aqueous solution is mixed with ammonia, which throws down titanate of ammonium ; 
and the suit, when ignited, gives off ammonia, and is converted, with incandescence, 
into pure titanic oxide. This process is also well adapted for preparing titanic oxide 
from titaniferous iron. The mass obtained by fusing this mineral with carbonate of 
potassium, is dissolved in dilute hydrofluoric acid, which loaves behind tho greater 
part of the iron, in the form of ferric oxide. After tho creator port of tho potassio- 
titanic fluoride has crystallised out, and been purified as above, tho ferruginous 
mothor-liquors are treated with chlorine- water, or an alkaline hypochlorite, to bring 
the iron to its highest stage of oxidation, and then treated in tlie cold with dilute 
ammonia, which precipitates all tho ferric oxide, with only a small portion of titanic 
acid. This precipitate is quickly separated by filtration, and the liquid, when boiled, 
deposits titanato of ammonium, which may be converted, by ignition, into titanic oxide. 
(Wohler, Ann. Ch. Pharm. Ixxiv. 212.) 

Merz (J. pr. Chem. xeix. 16 7 ; Bull. Soe. Chim. [1867], ii. 400) modifies Wohler's 
process, by fusing rutile with four times its weight of potassic carbonate, digesting 
tho fused mass in water, dissolving the residual acid titanate of potassium by the jpro- 
longed action of strong hydrochloric acid, and boiling tho resulting solution in a 
leaden dish with fluoride of potassium. The liouid, on cooling, solidifies to a crystal- 
line pulp of potassio-titanic fluoride, 2KF.TiI \ which may bo purified by washing 
it with a little cold water, and precipitating traces of iron with a drop of ammonium- 
sulphide. It is then to be redissolved in boiling water, ami the titanic add precipi- 
tated ty ammonia. Another method is to melt 1 pt. of rutile with 6 pts. acid sulphate 
of potassium, digest the fused mass in water, neutralise the liquid with soda, and heat 
it to the boiling-point, passing^ stream of sulphydric acid gas through it, at the samo 
time, to bring the iron to the state of ferrous salt. Titanic acid is then precipitated 
free from iron. (Merz.) 

A very pure product is likewise obtained by decomposing titanic chloride (pre- 
pared by igniting a mixture of rutile and charcoal in chlorine-gas), with water or 
ammonia. 

Anhydrous titanic oxide, obtained by ignition of the precipitated hydrate, forms 
reddish-brown lumps, which resemble rutile more nearly in lustre ana colour, in pro- 
portion as they have been more strongly heated. It may be obtained in the crystal- 
line form by passing the vapour of titanic chloride, mixed with steam, through a 
red-hot tube. According to Ebelmen (Compt. rend, xxxii. 330 ), it is obtained, in 
long needle-shaped crystals, by exposing the amorphous oxide, mixed with micro- 
cosmic salt, to a temperature somewhat below that of a porcelain furnace. According 
to Deville and Caron {ibid. xlvL 704 ), titanic oxide crystallised in the form 
of rutile, may be obtained by decomposing a fusible titanate, especially stannous 
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titan ate, with silica at a high temperature. Devi lie finds aIso(Compt, rend. lif. 1884^ 
that the amorphous oxide is converted into quadratic crystals (like rutile or asatas#) 
by ignition in hydrochloric acid gas ; the crystals are coloured blue, in consequence of 
the formation "of a small quantity of a lower oxide. Hautefeui lie (Compt rend* 
lvii. 148; lx. 188; Jahresb. 1868, p. 212 ; 1864, p. 213) has alBO obtained crystal- 
lised titanic oxide by two methods : a. By decomposing titanic chloride or fluoride 
with aqueous vapour. — 0. By crystallising amorphous titanic oxide in an atmosphere 
hydrochloric or hydrofluoric acid. The second method is, however, only a modifica- 
tion of the first, inasmuch as titanic chloride or fluoride is first formed, and subse-' 
quently decomposed. Under the influence of hydrochloric acid, the formation of 
crystallised titanic oxide takes place only at very high temperatures, and the crystals 
produced have always the form of rutile : under the influence of hydrofluoric acid, on 
the contrary, anatase is formed at the lowest red heat, brookite at a somewhat higher 
temperature, and rutile at very high temperatures. 

Anhydrous titanic oxide melts only at the heat of the oxy hydrogen -blowpipe. It is 
completely insoluble in water, and in all acids excepting strong Bulphuric acid. When 
heated in the pulverised state with this acid till the excess is driven off, the residue 
dissolves in water after cooling. By fusing the anhydrous oxide with six times its 
weight of acid potassic sulphate, a clear yellow muss is obtained, which dissolves per- 
fectly in warm water, forming a clear solution. 

Potassium End sodium reduce titanic oxide at a red heat, forming oxide of potassium 
or sodium, and a black mass, which does not acquire metallic lustro, and appears to be 
a mixture of metallic titanium with titanic or titanous oxide. — Charcoal , at white heat, 
reduces titanic oxide to the metallic state. — Carbonic disulphide , at a strong red heat, 
converts titanic oxide into sulphide of titanium, with simultaneous formation of 
carbonic oxide and carbonic dioxide (H. Rose). — When dry chlorine-gas is passed 
over an ignited mixture of titanic oxide and charcoal, titanic chloride is produced 
(p. 837). The oxide, fused with alkaline carbonates , yields titanates of alkali-metal. — 
Ammonia-gas, at a bright red heat, reduces titanic oxide to violot nitrido of titanium, 
TiN* (Eisner.) 

Titanic Hydrates or Acids. — There appear to bo two modifications of titanic 
acid, analogous in some respects to stannic and metastannic acid. — a. One of these, 
called titanic acid, is precipitated by ammonia from the solution of titanic chlorido. 
It is a white powder, of specific gravity 3 8 to 3*93 according as it has been exposed to 
a higher or lower tomperaturc. When heated, it assumes a transient yellow colour, 
becoming white again on cooling. Its conversion into titanic oxide, at a higher tempe- 
rature, is attended with vivid incandescence. 

Titanic hydrate dissolves easily in sulphuric, nitric, and hydrochloric acids, oven 
when these acids are rather dilute ; but these dilute solutions, when boiled, deposit 
meta titanic hydrate as a soft white powder, which, like anhydrous titanic oxide, 
is quite insoluble in all acids, excepting strong sulphuric acid. It also resembles the 
anhydrous oxido in not exhibiting incandescence when heated. Titanic hydrate, pre- 
cipitated by ammonia, is also converted into insoluble metatitAnic hydrate by wash- 
ing with hot water, or drying at a high temperature. — According to It. Weber (Pogg. 
Ann. cxx. 287; Jahresb. 1863, p. 210), a recently prepared aqueous solution of titanic 
chlorido is not clouded by sulphuric, nitric, or hydrochloric acid, but phosphoric, arsenic, 
and hydriodic acids give precipitates with it immediately, and acid potassic chromate 
after some time. If, however, the same solution bo heated to the boiling-point for only 
a few seconds, it immediately yields, with hydrochloric, nitric, sulphuric, hydrofluoric, 
and even organic acids, a white precipitate of metatitanic hydrate, and with dichromate 
of potassium an immediate orange-yellow precipitate. The precipitated metatitanic 
hydrate dissolves completoly in a large quantity of water, after the supernatant acid 
has been poured off, and is reprecipitated from the solution by acids. Metatitanic 
acid is also produced by oxidising metallic titanium with nitric acid of specific gravity 
1-25. (Weber.) 

Titanic hydrate dried over oil of vitriol, has, according to H-.Rose, the composition, 
IPTiO“, or H*O.TiO*, but always contains a little ammonia which cannot be removed 
by washing. According to Mers ( loc . cit.), titanic hydrate, after drying in the air for 
twenty-four hours, contains H a TiO*. 2H*0 ; after drying for several weeks, H^iC^.H'O. 
When dried over oil of vitriol, it quickly loses 1 at. water ; and after being left for 
some time over oil of vitriol, or dried at 60°, it contains 3H*Ti0*.Ti0 2 , and finally# 
after drying at 100°, H , TiO».TiO*. 

Metatitanic acid, deposited from its solution in sulphuric acid on boiling, contains; 
after prolonged drying in the air, or for twenty-four hours over oil of vitriol, H*TiO* ; at 
60°, it contains H*TiO a TiO s ; at 100°, H*TiO*.2TiO a ; at 120°, H*TiO* 3TiO a ; at 160°, 
II*TiO a 4TiO a . In short, metatitanic acid gives up its water more easily than titanic 
acid. (Menu) . 
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When • solution of titanic hydrate in hydrochloric acid is subjected to dialysis, 
insoluble gelatinous titanic hydrate remains in the dialyser (Graham, Ohem, Soc. J, 
xv. 25d)i A solution of gelatinoos titanic hydrate in hydrochloric acid, prepared in 
the cold, and containing only 1 per cent. TiO*, when left m the dialyser for some d ays, 
yieldB liquid titanic acid, which, when subjected to the action of alcohol aud other 
liquids, form compounds analogous to those produced in like manner with ailicio acid, 
(Graham, ibid, xvii. 325 ; Jahresb. 1864, p, 178.) 

Titanic Salts. — Titanic hydrate acts as a weak base, and likewise a§ an acid, 
forming salts both with acids and with alkalis. The salts in which it plays the part 
of base are very unstable. The oxalate, phosphate, and sulphate have been partially 
studied by H. Bose (iv. 266, 684 ; y. 606) ; the sulphate, phosphate, and nitrate also 
by Merz (loc. cit.y 

JS'i irate. — Titanic hydrate dissolves in concentrated nitric acid, and the solution, 
evaporated over quicklime, first becomes covered with an iridescent film, and then 
yields a mass of shining lamin®, containing 6Ti0 2 .N a 0*.6H 5 0, or dH^TiO^HNO 1 .— 
This salt dissolves, though imperfectly, in cold water; the clear solution, hoatedto 
1 00°, deposi ts titanic oxide. (Merz.) 

Phosphate. — Phosphate of ammonium, added to a solution of titanic hydrate in hy- 
drochloric acid, throws down neurly all the titanium in the form of a white gelatinous 
precipitate, which, when washed and dried, forms a porcelain-like mass, containing 
2Ti0 J .P 3 0*. Merz is of opinion that the original precipitate contains TiOM^O*, but 
that the phosphoric acid is partly removed by washing. (Merz.) 

Sulphate. — The solution of titanic hydrate in sulphuric acid deposits the hydrate on 
dilution with water. Titanic hydrate, moistened with very strong sulphuric acid. 
Incomes hot, and dissolves completely at the boiling heat. The solution gelatinises on 
cooling; but if part of the sulphuric acid is evaporated, there remains a white powder, 
which, when dried on a porous tile and then heated to 180°, contains TiO a .SO* or 
Ti‘*(S0 4 ) a .TiO*. This salt gives up all its sulphuric acid at a red heat, or when treated 
with water. Hydrochloric acid dissolves it slowly in the cold, more easily when 
heated. (Merz.) 

Titunates. — These saltB have not been much studied. Most of them mav bo 
represented by the formulae M 4 Ti0 4 — 2M 2 O.TiO a , and M^TiO* •» JVTO.'fiO* 
analogous to the ortho- and meta-silicates. Tho titanates of calcium and iron 
occur us natural minerals. The titunates of the alkali-metals aro formod by fusing 
titanic oxide with alkaline hydrates, carbonates, or acid sulphates — some of them 
also in the wet way. When finely pulverised and levigated, they dissolve in mode- 
rately warm, concentrated hydrochloric acid; but the greater part of tlm dissolved 
titanic acid is precipitated on boiling the solution with dilute acids. The neutral 
titanates of the alkali -metals, M*TiO s , are insolublo in watxjr, but soluble in acids. 
Tlio titanates of the earth-metals and heavy metals aro insoluble, and may bo obtained 
by precipitation. Hautefeuille has prepared sevorul of them in crystals, the form and 
physical characters of which are, in some cases, identical with those of native titanates, 

'Titanate of Calcium, CaTiO*. — This compound occurs nativo as Pcrowskitr, in 
small cubes and other monometric forms, with cubic cleavage tolerably perfect. Hard- 
ness *3 6 6. Specific gravity ** 4*017- Lustre metallic adamantine, loss bright on 
tho cleavage-faces. Colour greyish to iron-black. Streak uncoloured to greyish. 
Opaque to subtranslueent. 

Analysis: — a. From Adraintowsk, near Slatoust, in tho Ural: black (Jacobson, 
Fogg. Ann, lxii. 696). — b. From the same: brown (Brooks, ibid.). — c. From the 
Ficdelen Glacier, near Zermatt (Damour, Ann. Mip. [4],vi. 313).—d. From Vogts- 
buig on the Kaiserstuhl (Seneca, Ann. Ch. Fharm. civ. 3.71): 



a. 

b . 

c. 

d. 

Titanic oxide . A 

. 68*96 

6900 

69*23 

69*12 

Lime 

. 39-20 

3676 

39*92 

36 81 

Magnesia . 

. . 

0*11 



Ferrous oxide . 

206 

479 

1*14 

6*11 


100*22 

100-66 

1 00*29 

i0l-04 


Sphene (or titanite)is a silico-titanate of calcium, CaSiO*.CaTiO* (p. 398). Re- 
specting the artificial crystallisation of this compound and of calcic titanate, see 
Titanitb (p. 836). The artificial crystals of calcic titanate are said by Hautefeuille 
to be dimetric, whereas those of natural perowskite are monometric. 

Titanates of Iron. — a. Ferric titanate is prepared by igniting finely-pulverised 
titaniferouB iron (p. 846) with several times its weight of calcium -chloride, treating the 
fused mass with water to remove calcium-chloride and ferric chloride, and the residue 
with concentrated hydrochloric acid, which dissolves titanate of calcium. Ferric tita- 
nate then remains in long, thin, opaque needles, having a dark steel-grey colour and 
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brilliant lustre. f he crystals dissolve in melting acid potassic sulphate, forming « 
yellow liquid, which dissolves in water when cold ; they are not altered by ignition in 
contact with the air, or in chlorine-gas, or by boiling with strong hydrochloric or sul- 
phuric acid. (Liebig and Wohler.) 

0. Ferrous titan ate , Fe a TiO* or 2FeO.TiO*, is produced by fusing a mixture of 
2 pts. titanic oxide, 6 pts. ferrous fluoride, and a large excess of sodium-chloride. On 
treating the fused product with a large quantity of water, removing the lighter sub- 
stances by levigation, and heating the residue with dilute acetic acid till all laminar 
products are dissolved out, ferrous titanate remains in small prismatic crystals, having 
a dark-purple colour and the lustre of steel, and yielding an ochre-yellow powder. 
Their specific gravity is 4-37 ; they are not magnetic, and do not contain any ferric 
oxide. (Hautefeuille, Jahresb. 1864, p. 218.) 

7 . The mineral called Titaniferous Iron , or Ilmenitr— also, in certain 
varieties, Crichtonite , Mena/can, Menace an ite, Kibdelopkane , Basanomdane , flyg- 
tatite, Washinptonite, Mvhsite — consists, sometimes of nearly pure ferrous 
titanate, sometimes of magnesio-forrous titanate, sometimes of isomorphous mix- 
tures of ferrous titanate with ferric oxide and ferroso-ferric oxide. It occurs in he- 
mihedral, rhombohedral crystals (tetartohedral to the hexagonal type), isomorphous with 
iron-glance, having the principal axis » 1*3767, the angle K : It in the terminal edges = 
85° 43', and cleaving imperfectly parallel to It and oR ; where the cleavage appears to 
lie perfect, it is probable that combination-faces of different individuals exist (K op p's 
Krystaltographie, p 211). The* crystals are more or less tabular, often forming twins, 
united by the face It or oR ; also implanted or imbedded, and united into groups, with 
scaly or granular structure. The mineral likewise occurs compact, in massive or in 
loose grains, and in the form of sand (titaniferous sand, titaniferous ironsand). Hard- 
ness «■ 6*0 to 6*0. Specific gravity «* 4*6 to 5*0. Lustre subraotallic. Colour iron- 
black to steel-grey. Streak black to brownish-red. Opaque. Fracture conchoidal. 
Slightly magnetic. Before the blowpipe it is infusible, or becomes rounded in the 
reduction-flamo at the edges only (the variety from Uddewalla, in Sweden, is fusible, 
according to Plantamour). With fluxes it gives the reactions of iron ; the microcosmio 
Balt bead becomes red or brown-red in the inner flame, and violet when treated with 
tin upon charcoal ; many varieties give the manganese reaction with soda and nitre. 
The finely -pulverised mineral dissolves with more or less facility in hydrochloric acid, 
leaving a residue of titanic acid. The solution is generally yellow, containing both 
ferric and ferrous oxides. When heated with strong sulphuric acid, it acquires a dark- 
blue colour, which however disappears on addition of water, titanic acid then remain- 
ing undissolved. 

Analyses : — A. Containing little or no Ferric Oxide, — a. From St. Christophe, near 
Bourga’Oisans^nDauphino*: Crichtonite \ specific gravity = 4*727 (Marignac, Ann. Ch. 
Phys. [3], xiv. 50). — A. Ingolsberg, near Hofgnstcin. in the Pinzgau: Axotomous Iron- 
ore; Kibdelopkane: crystallised; non-magnotic, or very slightly magnetic ; a. Specific 
gravity 4-661 (v. Kobol], Scliw. J. Ixiv. 69, 245); 0. Specific gravity — 4*689 
(Rammelsberg, Mincralchemic, p. 408). —c. Rio Chico, provine© of Antioquia, New 
Granada: grains from the auriferous and platiuiferous sand (Dam our, Ann. Min. 
13], li. 445). — d. Layton's Farm in the State of New York : crystallised, yielding ft 
brown-black powder; non-magnotic ; specific gravity « 1-293— 4*313 (Rammelsberg): 

b. 

a. — * — — - e. d. 

0 , 


Titanic oxide 


. 52*27 

59*00 

53*03 

57*09 

57*71 

Ferric oxide . 


. 1*20 

4*25 

2*60 



Ferrous oxide 


. 46*53 

36*00 

38*30 

42*12 

26*82 

Manganous oxide 

• 

• • « 

1*65 

4*30 

0*80 

0*90 

Magnesia * • 


• • • 

• 

1*65 

• • 

13*71 



100*00 

100*90 

99*94 

100*01 

99*14 


If the small quantity of ferric oxide in a and b , 0 be deducted, and the magnesia and 
manganous oxide converted into their equivalents in ferrous oxide, the composition of 
these minerals may be nearly represented by the formula FeO.TiO* or Fe'TiO*, which 
requires 53*72 TiO* and 46*28 FeO . — c is also nearly the same, but may be more closely 

represented by the formula 8Fe0.9Ti0 a . — d is magnesio-ferrous titanate, | TiO*, or 

FeO.TiO* + MgO.TiO*, the calculated composition of which is 58*82 per cent TiO*, 
26*47 FeO, and 14*71 MgO. 

Shephard's paracolumbite (iv. 341) is, according to Pisan! (Sill. Am. J. [2], 
stxxriL 359), a ferrous titanate, difficult to separate from the matrix. It has a hard- 
ness » 4*5 ; specific gravity « 4*363 ; melts to a black magnetic bead, and gives by 
analysis : 
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TlO«. 8(0*. Ai*0*. Fe*0*. FeO. MgO. CiO. 

36*66 10'66 7*66 3-46 8908 1*94 2*06 - 100*64 

B. Tstmorphom Mixtures' of Ferrous Titanatc and Ferric Oxide . — Titaniferous iron 
occurs, (»ntaming these com pounds mixed in various proportions, botwccn fiFeTiO.FeW 
and FeTiO , .13Fe*0*. The following formulse must be regarded, not as representing 
dofinite compounds of ferrous titanate and ferric oxide, but merely as approximate 
expressions of the composition of the several varieties of the mineral as determined by 
analysis. For the discussion of the formulse, see Rammelsberg’ s Mweralchemie 
(pp. 409—419). 

a. From Egersund in Norway : massive ; nearly black ; specific gravity -* 4*744 — 
4-791 (Rammelsberg). — b, Krageroe, Norway: massive; specific gravity — 4*701 
(Rammelsberg). — c. St. Paul’s Bay, Canada: massive, granular, slightly magnetic; 
specific gravity — 4*66— 4*66 (Hunt, Sill. Am. J. [2], xi. 231). — d. Cienoga, Pro- 
vince of Antioquia, New Granada (Damour, loc. cit.).—e. Ilmen Mountains, near 
Miask: Ilmmite ; crystallised ; powder brown -black ; slightly magnetic (Rammels* 
berg).— /. ChAteau-Rieher, Canada : non-magnetic grains ; specific gravity — 4*66 — 
4*68 (Hun t). — g. Iserweise, in the Riescngebirge : /serin (in part) : granules varying in 
specific gravity, magnetic power, and composition ; tho analysis given is of a strongly 
magnetic grain (Rammelsberg), — 6. Lichfield, Connecticut: Wdehingtomtc; crys- 
tallised, slightly magnetic, yielding a black powder; specific gravity « 4-986 (Ram- 
melsberg). — i. Eisenach, Thuringerwald.* massive,- yielding a black powder; not 
magnetic; specific gravity — 6'060 (Rammelsberg).—^*. Uddowalla, Sweden : mas- 
sive; slightly magnetic (Plan tarn our, J. pr. Chem. xxiv. 302). — k. Asehafifonburg: 
mnssivo, laminar, mostly polar-magnetic ; specific gravity =» 4*78 (v. Kobo 11, loo . cit.), 
— /. Snarum, Norway : massive, accompanying serpentine and hydrotalcito ; specific 
gravity « 4 943 (Rammelsberg). — m. St. Gothard: crystallised, yielding a block 
powder, non -magnetic ; specific gravity «■ 6*187 (Ram melsberg).— n. Krageroe 
(no-culled iron -glance ) ; crystallised, slightly magnetic; specific gravity — 6*240 
(Rammelsberg): 


a. 9FoTiO'.Fe*0* . 

TIO*. 

. 61-30 

Fe 2 0*. 

8*87 

FeO. 

39-83 

MnO. 

MrO, 

0*40 


100-40 

1, || • 

. 46*92 

11*48 

3982 

# , 

1*22 

m 

90-44 

C* tt »» * 

. 48*60 

1016 

37*30 

. 

3*60 

— 

00-06 


. 48*14 

9*46 

41-66 

1*69 

• , 

— 

100-94 

r. SFeTiCP.FeK) 1 ! 

. 46*93 

14*30 

36*62 

2*72 

0*59 

■» 

10006 

/. 4 l 7 eTiO , .Fe a O* . 

. 41*91 

20*63 

36*04 

, 

1*61 


99*00 

*h 3FeTiO a .Fe a O* , 

. 39*70 

2702 

30-34 

, 

2*23 

a» 

99*29 

X FeTiO s .Fe a O* 

. 23*72 

63*71 

22-39 

0-25 

0-60 

— 

100*67 

FeTiO*.2Fo a O a . 

. 16*20 

69-91 

12-60 

077 

0-55 

— 

10003 

J ’ ,, „ # 

. 15*66 

68*31 

14-00 

, , 

• • 

mm 

97*87 

k. FeTiO*.3Fe a O* . 

. 14*16 

76*00 

10-04 

0-80 

• e 

B. 

100 

1, FoTiO«.4Fe=0» . 

. 10*47 

80*63 

890 

, « 

s e 

— 

100 

m. FeTiO«.6Fe 4 O t . 

. 12*67 

82*49 

4-84 

, , 

• • 

« 

100 

«. FuTiO* 13Fe*O a . 

. 3*55 

93*63 

326 

. . 

• • 

— 

100*44 


C. tan\feroue Iron of abnormal composition. — This group includes ferric titanate *, 
ferroso-feiric titanates, and isomorphous mixtures of ferrous titanates and ferroso-ferrio 
oxide (magnetic iron-on). 

a. Harthau, near Chemnitz: crystallised in six-sided plates (Hesse, Jahresb. 1866, 
p. 839). — 6. Iserweise, in the Riesengcbirge : grains with octahedral outline (pro- 
bably rhombohedral, with the faces oR), occurring among tho grains of iaenn, 
haring a much lower specific gravity than the latter, and rather strongly magnetic 
(R a m ra el s b er g).— c. Unkel. on the Rhine (formerly called scoriaceous magnetic iron- . 
ore ) : crude masses, having a conchoids] fracture, intergrown with basalt, yielding a 
black powder; specific gravity « 4*906 (Rammelsberg). — d. On the banks of the 
Mersey : magnetic; specific gravity ■ 4’82 (Edwards, J. pr. Chem. xxi. 124) : 


Tin*. F«*0*. FsO. MoO. M«0. 

а. 4Fe 2 O i .9TiO* . . . 63 01 47*36 - 1W*36 

б. 4(Fe0.Ti0*).Fe 4 0*.3Ti0^ 67*19 16*67 26 00 . . 1*74 - 100*60 

c . 2(Fe0.Ti0 a ).3(Fe0.2Fe 1 0*) 8*27 61*81 37*22 2*03 0*78 - 100*11 

d, 3(FeO.TiO a ).5(FeO.Fe a O a ) 16*28 48*71 36*01 . . - 100 


A titaniferous iron-ore, imbedded in the diallage and augitic gabbro of Baste in the 
Ham, was found by Strong (Jahresb. 1862, p. 716) to contain 46*77 per cent TiO*, 

44*66 Fe*0*, and 0*66 Cr*0». . f 

Magnetic Ironeand . — In many localities, black ferruginous gj»»n* occur, itrongy 
attracted by the magnet, and portly in the form of regular octahedrons. In a speck* 
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men from the coast of Finland, Klaproth found 14 per cent, Maly 33 per cent, titanic 
oxide; Cordier has found, in similar specimens, from 11 to 16 per cent, titanic oxide. 
In an ironsand containing octahedrons from the Etna lavas, v. Walterhausen found 
12*38 per cent. TiO* and 02*18 Fe*O s , which is an excess of 4*66, indicating the 
presence of ferrous oxide. A specimen of very fine ironsand from the MiiggelLake, 
near Berlin, yielding a black powder, and having a specific gravity of 6*076, was found 
by Rammelsberg to contain 6*20 per cent. TiO 3 61-36 Fe*0\ 30*25 FeO, 1*23 MnO, 
and 0*48 MgO ( «- 98*62), which may be nearly represented by the formula FeO.TiO* 
6(Fe0.Fe*0*) ; but . all these substances are, perhaps, merely mixtures of ferpms 
titanate and magnetic iron-ore, and the occurrence of definite proportions is merely 
accidental. 

Titcmif trout Iron containing Tantalum, and Niobium. — In the diamond-sand of Dm- 
mantino in Brazil, Dam our found black grains, yielding a dark-green powder, and 
having a specific gravity of 4-82, which contained 74*32 per cent. TiO*, 6*67 Ta*0\ 
2*04 SnO 3 , and 16*97 FoO. 

b According to A. E. Nordenskjold (Pogg. Ann. cxxii. 616), a mineral resembling 
titaniferous iron, or ilmenite, but containing niobic as well as titanic acid, occurs near 
the village of Torro, in Finland. 

Titanate of Magnesium. — The monobasic salt, MgTiO 3 — MgO.TiO 3 , is formed 
by heating 1 pt, titanic oxide to whiteness for a short time in a closed vessel, with 10 
pts. chloride of magnosium, and a small quantity of sal-ammoniac. On treating tho 
fused product, first with water containing acetic acid, then with pure water, the mono- 
magnesic titanate remains, in shining six-sided crystals, probably belonging to the 
trimetric system, and coloured reddish by a trace of manganese. They scratch glass, 
and have a density of 3 91. If the chloride of ammonium be omitted in the pre- 
paration, the proportion of magnesium in the crystals will be somewhat greater 
(Hautefeuille). — Tho dibasic salt, Mg*TiO* *= 2Mg0.Ti0 2 , is obtained by fusing 
2 pts. titanic oxide, 1 pt. magnesia, and 40 pts. chloride of magnesium, and proceeding 
as in the preparation of tho correspond ing ferrous salt (p. 846). It forms very 
brilliant regular octahedrons, harder than glass and having a specific gravity of 3*42. 
(Hantefouille.) 

Manganous Titanates (Hautefeuille). — The dibasic salt, Mn 2 TiO\ is ob- 
tntnod by heating titanic oxide with fluoride of manganese, but always mixed with 
the laminar monobasic salt ; neither of these compounds has been further oxamined. 

Titanates of Potassium.—*- The monobasic salt, K 2 TiO s = K*O.TiO*, is ob- 
tained by fusing titanic oxide with excess of potassic carbonato. Two fused layers aro 
thenformed, the upper containing the excess of carbonate, tho lower the monobasic potas- 
sium-titanatc. This salt forms a yellowish, fibrous, easily fusible 1 mass, which is resolved 
by water into an insoluble acid salt, and a soluble salt containing a larger proportion 
of base. — Tho acid salt is a soft white powder, which, after ignition, contains 17*33 to 
18*01 per cent. K*0, and 82 67 to 81-99 TiQ 3 .. On treating it with strong hydrochloric 
acid, and saturating the liquid with ammonia, a precipitate is formed, which, after 
ignition, contains 91-3 per cent. TiO 3 to 8*7 K 8 0. (II. Rose.) 

A sUico-titanate of potassium is formed by igniting titanic oxide with excess of 
silica and excess of potassium-carbonate, and remains behind on treating the mass 
with water, which dissolves out carbonate and s'hcato of potassium. When moist, it 
dissolves easily in concentrated hydrochloric acid, forming a solution, wjpclv when 
boiled, deposits flocks, somewhat soluble in water, and, when mixed with ammofjpa, 
yields a precipitate of silicic and titanic acids. 

Titanates of Sodium. — The monobasic salt, Na’TiO* = Na*O.TiO a , prepared 
like the corresponding potassium-salt, is resolved by water into an insoluble itfria salt, 
and free soda. This acid salt forms white sandy grains, containing ^0*14 to 16*30 
per cent. Na 3 0, 74*73 to 76*47 TiO*, and 10- 13 to 9*23 water. On treating it fcith 
strong hydrochloric acid, and neutralising with ammonia, there remains a residue com* 
taining 96-2— 96 66 per cent. TiO* to 3*8— 3*44 Na*0. (H. Rose.) 

Titanate of Zirconium is precipitated on mixing tho solutions of zirconic and 
titanic chlorides, and adding sulphate of potassium (Berzelius). Titanate of zirco- 
nium is one of the constituents of sschynite, fergusonite, and polymignite (i. 69 ; iv. 
66 . 687 ). 

YSTASrSUM, OXTCBLORIBB OF. See p. 837. 

TXTAVXme, OXYTIVOBH)* OF. See p. 840. 

TXTAJrZUBCf lUlfHCDB OF. TiS*. — This, the only known sulphide of tita- 
nium, was discovered by H. Rose, who prepared it by slowly passing the vapour of 
carbonic disulphide over titanic oxide, very strongly ignited in a porcelain tube. 
Benelius obtained it by igniting a mixture of 1 pt. pulvonWd rutile, 1 pt. dry carbon- 
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Ate of eodium, 1 pt. sulphur, aid | pt* charcoal* in a crucible lined with char coal. 
Larger quantities are best prepared by passing a stream of dry sulphydric add gas 
■into a tubulated retort, containing titanic chloride, and haring its neat connected with 
g glass tube laid horisontally oyer a furnace. As soon as this tube is heated to com- 
mencing redness, the retort is warmed to such a degree, that the sulphydric acid gas 
may pass into the tube saturated with the vapour of titanic chloride, at a temperature 
somewhat below the boiling-point of the latter. Hydrochloric acid vapours are then 
given off, and titanic sulphide remains in the tube. (Ebelmen, Ann. Ch. Phys, [3], 
xx. 285.) 

Titanic sulphide thus prepared forms large, brass-yellow, metallically lustrous 
Fcales, which, when rubbed on the skin, ‘cover it with a shining coating like mosaic 
gold. When ignited in the air, it burns readily, yielding titanic oxido and sulphurous 
oxide, which is volatilised. It detonates when heated with nitre. It is decomposed by 
dry ohlorine-gas, the products being chloride of sulphur and chloride of titanium. 
With nitric acid it is resolved, with rise of temperature and disengagement of nitric 
oxide into titanic oxide and sulphur. It is oxidised by warm nitromuriatic acid, 
yielding titanic acid (the greater part of which remains undissolved) and sulphuric 
acid. It dissolves slowly in hydrochloric acid, with evolution of sulphydric acid (II. 
Rose). At a tolerably strong red heat, it decomposes vapour of water with great 
facility, and is converted into titanic acid, with evolution of sulphydric acid and 
hydrogen-gas (Regnault). It is also gradually decomposed, with evolution of sulphv- 
dric acid, by exposure to moist air. When digested with aqueous potash, it is rapidly 
converted into white titankte of potassium, which is precipitated, and Bulphydrate of 
potassium, which dissolves : TiS* + 2KH0 « TiO* + 2KUS. (Rose.) 

TITANIUBK-OEBIW. Ferrocyanide of titanium, precipitated by ferroeyanide 
of potassium from a solution of titanic chloride, has been recommended as an inno- 
cuous substitute for Schwei nfurt-green and other arsenical green pigments ; its colour, 
however, is far inferior to that of Schweinfurt-green. (Eisner, Dingl. pol. J. cv. 130, 
— G eutele, ibid. clx. 238 ; see also Jahresb. 1847-48, p. 1068.) 

^TABZUHK-8A]rD. Pulverulent titaniferous iron (p. 847). 

TXTAVXTnW-aTKSX,. See Iron, Allots of (iii. 370). 


TXTBATXOW. See Analysis, Volumetric (i. 254). 


TIZA. Boronatrocalcite, occurring in lumps in the deposits of nitrate of soda in 
Peru (i. 649). 


TOBACCO. This substance, so extensively used for smoking, snuffing, and chewing/ 
is prepared from the leaves of several species of Ntcotiana — chiefly 2V1 Tabacum, Virginia 
tobacco; N. maerophylla, Maryland tobacco; N. nuttica , and N. quadriyaivu. * The 
tobacco-plant is indigenoufein tropical America, but thrives, under various climatic 
conditions, as high as the fiftieth degree of latitude, and is extensively cultivated in 
most countries within those limits. 

The earliest chemical investigation of tobacco-leaves is that Of Posselt and 
Reimann (Geiger’s Mag. xxiv. 138; xxv. [2], 67), who found, in 1,000 pts. : 


Nicotine . . .06 

Nicotianine . . .0*1 

Bitter extractive . . 287 

«tJfesi* . . . .27 

Albumin and Glutin . 131 
Gum .... 17*4 


Malic acid, malates, and 
nitrates . .97 

Other potassium-salts . 1*2 

Phosphate of calcium . 1*7 

Woody fibre, water, &c. . 924' 8 


According to later investigations, the proportion of the poisonous alkaloid, nico- 
tine, is much larger, Sch losing (Ann. Ch. Phys. [3], six. 230) found, in different 
sorts of tobacco, from 2 to 8 per cent, nicotine, the better ahd milder varieties, such as 
that. from Havaunah, containing the smallest quantity. (See Nicotine, if. 45.) 

IP Another volatile constituent of tobacco is nicotiapine, or tobacco-camphor 
(iv. 44). Vaoquelin ( Ann. Chim. lxxi. 139) found in tobacco an organic add, which 
he regarded as malic acid, a result confirmed by Posselt and Reimann. Barrel 
(Compt. rend. xxi. 1374) regarded it as a peculiar acid, designating it as nicotic acid. 
According to Go up el (Ann. Ch. Phys. [3], xrii. 603), the acid of tobacco-leaves is 
malic acid with a little citric acid : from 100 grins, of the dried leaves he obtained from 
3 to 4 gnus, of acid ammonium- malate. 

Tobacco contains a considerable amount of inorganic constituents, the dried leaves 
yielding from 18 to 23 per cent, of ash. According to Oasaseca (Ann. Ch. Phys. 
[3], xlv. 479), good Havannah tobacco contains from 16 to 16*8 per cent, ash; inferior 
torts from 17*8 to 19*4 per cent- ; the latter contained a trace of iodine, which was not 
found in the better Vogel (Report. Pharm. [1858], vi. 100) found, in Turkish 
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tobacco from various localities, 17 to 23 per cent, ; in Russian, 21*9 to 24*9 ; In Greci; in 
19 per cent. ash. Will and Fresenius (Ann. Ch. Pharm. 1. 387) have analysed the 
ash of several varieties of Hungarian tobacco (No. i. to viii. of the following table), and 
Merz (ibid. lxxix. 109) has analysed that of tobacco grown in the neighbourhood of 
Niirnbeig (No. ix.) : — " 


Ash of Tobacco . 



i. 

n. 

III. 

IV. 

D 

B 

B 

VIII. 

11. 











Leaves . 


18*9 

19-8 

mi 

21*1 


23*3 

22 *8 

27*3 


Stalks 


22*9 

32*5 

19*8 







Potash • 


29*1 

18-8 

8*2 

19*5 

9*7 

9*3 

10*3 


ESS 

Soda .... 


2*2 

. 

. 

0*3 

, . 

. . 

. . 

. , 

2*7 

Lime .... 


27’7 

27*8 

42*8 

44*5 

49*3 

49*4 

39*5 

47*0 

39*5 

Magnesia . 


7*2 

16*7 139 

11*1 

14*6 

15 6 

um 

12*8 

96 

Chloride of sodium 


Ell 

11-4 

2 2 

3*5 

4*6 

3-2 

6-4 

2*6 

9 6 

Chloride of potassium 


, , 

3*9 

8*6 

, , 

4*4 

3*3 

Hj 

3*0 


Ferric phosphate 


8*8 

6*8 

6*1 

4*3 

5*2 

6*7 

7*5 

6*3 

4*2 



. 

. . 

, 

6*0 






Sulphate of calcium 


EZ1 

EE21 

8*0 

5 6 

6-7 

6*1 

9*4 

5*1 


Silica .... 


17'6 

6*0 

9*3 

5 1 

6*5 

i 6*3 

8*3 

12*0 

4*5 

Sulphuric anhydride . 


• * 


* * 


* * 


■. 

* * 

2*8 



99*9 

100*5 

99*0 

99*9 

1 

6 

99*9 

99*4 

100*0 

99-8 


Sehlosing (J. pr. Chem. lxxxi. 148) has determined the quantities of potash, 
lime, magnesia, sulphuric acid, and chlorine in tobacco grown on various soils. In 
the air-dried leaves of twelve different sorts, he found 90 pts. of dry substance and 
10 pts. water: — 



i. 

ii. 

in. 

nr . 

V . 

VI . 

VII . 

vin. 

IX . 

X . 

XI . 

XII . 

Potash .... 

1*0 

1*0 

2*6 

1*7 

2*1 

1*6 

2*2 

2*5 

IT 

0*8 

1*4 

2*0 

Lime . . 

7*7 

7*6 

6 6 

72 

6-2 

7*3 

6*2 

6 6 

8*5 

83 

7 7 

7*4 

Magnesia . 

1*0 

0*8 


W>*7 

0*6 

. . 

0*6 


1*0 

1*1 

0*9 

0*8 

Sulphuric anhydrido . 

1*0 

0*9 

1-cJ 


0*8 

1*0 

0-8 

10 

0*8 

0*8 

1*0 

1*0 

Chlorine .... 

0*7 

0*5 

0*4 

VQ 

0*4 

0*4 

0-4 

0*6 

1*8 

1*7 

• • 

0*5 

: 


The combustibility of tobacco is influenced to a consid^gblo extent by the propor- 
tion of the potash and lime contained in it, and the manner in which these bases are 
combined with acids. The ash of the more combustible tobaccos is comparatively 
rich in carbonate of potassium, showing that in these tobaccos the potash is in combi- 
nation with organic acids ; whereas the ash of the less combustible tobaccos contains 
sulphate and chloride of potassium, together with carbonate of calcium, instead of 
carbonate of potassium, showing that in these tobaccos the organic acids are combined 
with lime. A slowly-burning tobacco may be rendered more combustible by adding 
to it an organic potassium-salt, in such quantity that the amount of potash in the ash 
may be more than equivalent to the sulphuric and hydrochloric acids present; and, on 
the other hand, the combustibility of tobacco may be diminished by mixing it with 
such a quantity of sulphate or eliloride of magnesium, calcium, or ammonium, thafr 
the amount of hydrochloric or sulphuric acid in the ash may be more than equivalent 
to the potash, so that the ash will not contain any potassic carbonate. (Sc h lo- 
sing.) 

Tobacco always contains nitrates. According to Sehlosing, these salts are most 
abundant in the midrib of the leaf, which, in different varieties, contains from 0*15 to 
• 6'1 per cent, nitric acid, the leaf, deprived of its midrib, containing from 0*02 to 2*0 
per cent. The ready inflammability of tobacco, and its capability of burning with a 
smouldering flame, are due, in great part, to this large amount of nitrates. 

In the smoking of tobacco an imperfect combustion takes place, one pajt of the tobacco 
burning in contact with the air, and producing by its combustion a quantity of beat 
sufficient to decompose the remainder by destructive distillation, producing water and 
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TOBACCO-CAMPHOR— TOLUENE. 


tar (oil of tobacco), which, when the tobacco is smoked in a pipe, condense m liquid 
products* Tobacco-smoke consists partly of permanent gases— namely, carbonic oxide, 
carbonic dioxide, and perhaps also one or more hydrocarbons— partly of condensable 
vapours, including, according to Zeise (Ann. Ch. Pharrn. xlvii. 212), ammonia, 
butyric add, probably also acetic acid, paraffin, empyreumatic oil, and resin, but no 
creosote. Melsens found nicotine, the presence of which is, indeed, sufficiently indi- 
cated b£ the narcotic action of the tobacco-smoke. Vogel (Report. Pliarm. vi. 1 
* 155; vii. 97, 614 ; viii. 145) found sulphydric and hydrocyanic acids, and determined 
their quantity, as well as that of the ammonia; from 100 gnns. tobacco he obtained 
0 7 to 2 8 gnns, ammonia. The proportions of the several constituents of tobacco- 
smoko vary, of course, according to tho freedom of access of air during the combus- 
tion : hence the difference in the action of tobacco, according as it is smoked in pipes 
or in cigars. 

Respecting the manufacture of tobacco and snuff, see Ure'a Dictionary of Arte, &c,, 
iii. 907 ; Handw, d. Chem . viii. 462. 


TOBACCO-CAXfSOft. Syn. with Nicotianinb (iv. 44). 

TOBACCO«OX2i. The empyreumatic oil produced in tho destructive distillation 
of tobacco. 

TOSACCO-8BID Oil. Tobacco-seeds are said to yield, by pressure, about 36 
per cent, of a greenish-yellow, mild, inodorous oil, of spocific gravity 0*923 at 16°, 
solidifying at — 25°, and quickly drying when exposed to the air. 

TOBDALBA. See Lopez-boot (iii. 733). 

TOLAILVI-SULPHIBB. (C’H*)*S. — A product obtained, togother with 
others, by the dry distillation of sulphide or disulphide of benzyl. After repeated 
crystallisation from alcohol, it forms a white crystalline powder, very sparingly soluble 
in alcohol, more easily in ether or in benzene, and melting at 143° — 145°. (M&rcker, 
Ann. Ch. Pliarm. cxxxvi. 76.) 

TO&2HNTS. C ro H 14 . — The oily constituent of tolu-balsam (i. 498). The balsam 
distilled with water yields 0*2 per cent, of the oil (Dovillo), 1*1 per cent. 
(Sell a rli ng), which may be rectified ovor hydrate of potassium. Scharling fhrthor 
treats it with potassium, and then rectifies it again. 

ToLenc is a colourless very mobile liquid, having a pungent odour, and a specific 
gravity of 0*858 at 10° (R Kopp). It boils at 170° (Deville ; Scharling), at 154° — 

1 60° ( R K o p p)» Vapour-density «**■ 6*1 (Devillo). When exposed to the air, it 
quickly takes up oxygen, and becomes resinised ; it likewise oxidises when boiled with 
water and mercuric oxido, forming a small quantity of carbonic anhydride ; but tho 
oxidation is not easily completed, and does not yield any well-characterised products 
(Sell or ling). Tolene mixed with bromine forms a black-brown tarry liquid. 

TOXiXD. A name sometimes applied to benzyl, C T H 7 . 


TOLXN. Syn. with Toluene. 


TO LV-BA16AM. See Balsams (i. 498). 

TOLVAKZO ACXB. C*H*NO*. — Syn. with Oxytoluamic Acid (iv. 321). 
TOLUEHB, or TOLUOl. C’H*. — Syn. with Bbnzylic IIydmde, under which 

name the compound has been already described (i. 574). 

Besides tho modes of formation there mentioned, it is produced : — «. By distilling 
vulpic or oxytolic acid with potassium-hydrato (Moller and Streckcr, Ann. Ch. 
Pharm. cxiii. 69).— fi. In the dry distillation of several organic substances, namely of 
dragon’s-blood (GlAnard and Boudault, ibid, liii, 325), wood. (Calioum; Vole* i 
kel), and coal (Mansfield), being, i n. fact, a constant constituent of coal-tar 
oil — y. By the action of methyl-iodide and sodium on monobromobenzene (Fit tig 
.and Tollens): 

’ OH*Br + CH*I + Na* - NaBr + Nal + C r H* 


This and the following mode of formation show that toluene may be regarded as 
methylic benzene, C*H‘(CH»), oryhenyl-mothyl, COI^CH*. 

3. By the mutual action of benzene and methylic hydride (marsh-gas) in the 
nascent state, as when an intimate mixture of 2 pts. acetate and 1 pt. benzoate of 
sodium is subjected to dry distillation (Berthelot, Bull. 8oc. Chira. [1807J, J. 
I16)i 

1 C*H* + CH 1 - cm* + H*. 

-Other homologues of benzene— namely, xylene. O® 1 * and cumene, C»II»~ are produced 
at the same time bv dmilaaf Motions. The formation of these homologues of benzene 
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in tte deitractfre distillation of coal is probably due, in like manner to tk *» .• 
Ajenzene and marsh-gas at the moment of. their elimination Aon, certain coaS? <# 
the coal— f. Toluene, is found, together with many other hydrocarbons, in 

%/m as is most sdrantagsosslppjvpsmf fivn ' mai-jraphtis/ in Act, tie cod. 
naphtha now occurring in commerce consists mainly of toluene and its higher homo- 
loguea. It may be obtained tolerably pure by collecting the portion of the naphtha 
which distils between 100° and 120 agitating it with half its weight of strong eul- * 
phurie acid, and rectifying it repeatedly, collecting apart the portion which distils 
between 108° and 110°. 

Toluene has a specific gravity of 0*8654 at 15° (Mendelejef, Jahresfo. I860, p. 7); 
0*8824 at 0°, 0*8720 at 15° (Warren, ibid, 1865, p. 525). It boils at 110*3° 
(corrected). (Warren.) • 

Toluene-vapour passed through a porcelain tube heated to bright redness, is decom- 
posed, yielding uncondensable gases and a tarry liquid, which may be resolved , by two 
series of rectifications, into benzene, C 6 H 6 ; unaltered toluene, C 7 H B ; naphthalene, 
C IB H B ; benzyl, C H H'\ and a hydrocarbon apparently isomeric therewith; anthracene, 
C 14 H 10 , chrysene, C ,B H 12 ; and hydrocarbons of higher atomic weight. The formation 
of these hydrocarbons tnay be represented by the equations : 

2C 7 H B = C |4 H 14 + H*. 

Toluene. Benxyl. 

4C 7 H 8 =* 3C 8 H 8 4- C ,0 H 8 + 3H* 

Toluene. Benzene. Naphtha- 

lene. 

2C 7 H 8 « C 14 H l# + 3H*. 

Toluene. Anthra- 

cene. 

18C’H" - 7C I ‘H 11 + 30H*. 

Toluene. Chrysene. 

Or the chrysene may be formed from benzene, according to the equation 3C 4 H" ** 

+ 3H 9 . (Berthelot, Bull. Soc. Chim. [1837], i. 218.) 

Toluene oxidised with dilute nitric acid yields oxytolic acid, C 7 H a O s (Fittig, 
iv. 321); but fuming nitric acid converts it into nitro dracylic acid, C’H^NO'^O'-, 
isomeric with nitrobenzoic acid (iv. 60). 


Derivatives of Toluene . 


Tho rational formula of toluene, C a H a .CH 8 , indicates the existence of two series of 
substitution-products, according as the hydrogen of the phenyl-molecule, or of tl»e 
methyl-molecule, is replaced by other radicles, e.a . : 

C*H«d.CH 8 C a H 8 .CH*Cl 

Monochloroto- Benxyllc chlo- 

luene. ride. 


C B H 4 (HO).CH B 

Creanl. 


C B H*.CH a (HO) 

Benzylic alcohol. 


C B H 4 (NH*).CH* C 8 H 8 .CH*(NH 8 ) 

Toluidine. Bensylaraine* 

These isomeric derivatives differ considerably from one another in their properties. 
Those m the left-hand column, formed by replacement of hydrogen in the phenyl-mole- 
cule, are comparatively stable and indifferent compounds, like those derived in like 
manner from benzene, C B H* ; whereas those in the right-h&nd column, formed by re- 
placement of hydrogen in the methyl-molecule, are more Active bodies, capable of 
easily exchanging their chlorine, hydroxyl, &c. for other radicles by double decomposi- 
tion. Thus benzylic alcohol, treated with hydrochloric acid, yields benzylie chloride; 
this compound, heated with alcohol ammonia, yields benzylamine ; the chloride is also 
easily converted into the acetate, cyanide, &c. by treatment with the corresponding 
potassium-suits. In short, these last-mentioned toluene-derivatives exhibit reactions 
exactly like those of the corresponding compounds of the fatty series, and may, in like 
manner, be supposed to contain an alcohol-radicle, C T H 7 , callpd benzyl or tolyl, and 
referred to the water-type, ammonia-type, &c.: e.a., benzylic Chloride — C 7 H 7 .C1 ; 
benzylic alcohol C T IlMI.O ; benzylamine — C 7 H 7 .H a .N, 

Aznldotolwene, C 7 H*N - C 7 H T (NH 8 ) = C-HVItEPVCH 8 . Syn^with Toxui- 
3 >nn# (p. 865). ' 


Aiotolaonet* See Aeotoluujinus (p. 867). 

Xromotolnenes. (Glinzer and Fittig, Ann. Ch. Pbarm. 47 - cxzxvi 
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SOI ■— It ekul4» Ann. Ch. Pharou cxxxvii. 188, 192. — Lauth and Gfiimaux, Ball 
Soc. Chim. [1866], i. 647 ; [1867]» i* 108),— -Bromine acts directly upon toluene, forming 
monobromotoluone, or benzylic bromide, according as the reaction takes place at low or 
at high temperatures. Higher substitution-products appear to be formed at the same 
time, but they have not been isolated. 

Monobkomotoitjbne, CTPBr *= C*H 4 Br.CH* is prepared by gradually adding 
bromine to toluene kept cool and in excess, leaving the liquid to itself for a few days, and 
purifying the product by agitation with potash -ley, and rectification over solid potash. 
It is a colourless liquid, having a faint, not unpleasant odour when cold, but (accord- 
ing to Lauth and Grimaux) extremely irritating to the eyes when heated ; according 
to Fitfcig and Kekul6, on the other hand, pure bromotoluene does not exhibit this 
irritating property. It has a specific gravity of 1*4092 at 16°, and boils ut 179° 
(Glinzerand Fittig); at 181° (Lauth and Grimaux); at 1 82 5° — 383° (Ke- 
ku le). It is a very stable compound, and is not decomposed by heating with ethylate 
of sodium, acetate of potassium, acetate of silver, cyanide of potassium, or alcoholic 
ammonia. 

Benzylic bromide, CTFP.Br C a H a .CII 3 Er, is easily obtained by the action of 
gaseous hydrobromic acid, or tho saturated aqueous acid, on benzylic alcohol ; also by 
the action of bromine on boiling toluene. It is a colourless liquid, fuming slightly in 
the air, and boiling at 198° — 199° (Kokuli) ; at 202°, according to Lauth and 
Grimaux; but their product was probably impure. It has at first a pleasant aro- 
matic odour, but exposure to its vapour produces a copious flow of tears. It gives up 
its chlorine, by double decomposition, with great facility, being rapidly attacked by 
acetate of potassium, acetate of silver, cyanide of potassium, alcoholic solution of hy- 
drate or sulphydrate of potassium, and alcoholic ammonia, yielding benzyl-compounds 
in all coses. 

Ih bromotoluene, (THGSr 2 .— Toluene is capable of yielding three dibromin- 
nt**d derivatives, corresponding to tlio diehlorinated toluenes (p. 854) ; but the only one 
hitherto obtained in the pure state is that which corresponds to chlnrobenzol, viz. 
dibrumobcnzol, or bromide of benzylidene, C 7 H tt .Br’ C^IP.CBr 3 !!, which is produced 
by the action of phosphoric pentabromido on benzoic hydride (bitter-almond oil). It 
is decomposed by distillation under the ordinary atmospheric pressure, but distils 
easily in a vacuum. When treated with sodium, or sodium-amalgam, it yields tolueno 
ami benzyl, C H H 14 (Michaolson and Lippmunn, Ann. Ch. Pham. Supp. iv. 113). 
See p. 870. 

Lauth and Grimaux havo likewise obtained other brominatod derivatives of toluene, 
but not in sufficient quantity for accurato investigation. — a. If the first drops of bro- 
mine be added very slowly to the toluene, no disengagement of hydrobromic acid 
tikes place ; but the mixture, which remains colourless, deposits a smulL quantity of a 
compound in hexagonal tables, perhaps resulting from the direct fixation of bromine 
on toluene. — 6. When the crude bromotoluene is distillod till the boiling-point rises 
to 185°, a black viscid residue is left, extremely irritating to the eyes, and becoming 
filled, after a few days, with needlo-shaped crystals, difficult to purify from a thick 
viscid substance with which they are impregnated. — y. When toluene was treated 
with 2 at. bromine (for the preparation of dibromotoluene), a thick liquid was formed, 
which remained coloured even after the excess of bromino had been removed. This 
liquid, when distilled, began to boil at 187°, continual to giro off hydrobromic 
acid till tbo temperature rose to 210°, and left a black residue which did not eoli- 

Chlor otolue nes . — The action of chlorine upon toluene gives rise to a number of 
substitution-products, differing in constitution according as the reaction takes place at 
high or at low temperatures. ^Compounds isomeric with some of these are also ob- 1 
tained from benzylic alcohol. 

Of the two monochlori nated compounds whose existence is indicated by theory, viz. 
monochlorotoluene and benzylic chloride, the former is produced at low, the latter at 
high temperatures, as is the case with the corresponding bromine-compounds. 

Monochlo botox.uk kb, C^H^l ,CH f . — Deville obtained this compound by saturat- 
ing toluene (prepared from tolu -balsam) with chlorine (i. 674); and Beilstein and 
Geitner have lately shown (Ann. Ch. Pharm. cxxix. 331 ; Bull. Soc. Chim. [1867], 
i* 251), that 'it is always produced when cooled tolnene is treated with chlorine. As, 
however, the action m attended with rise of temperature, benzylic chloride is apt to be 
produced at the same time { but pure chlorotoluene may be obtained by treating 
the crudoprodnet with any of the reagents by which benzylic chloride is decomposed. 
Pure chlorotoluene, free from benzylic chloride, is also produced at once by treating 
toluene with chlorine in presence of iodine. The same compound is probably formed* 
by the action of chlorine on cresoL 
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Chlorotoluene boils at 157° — 158° (Beilstein and Geitner); at 154° (corrected) 
(Limpricht). Specific gravity = 1*080 at 14°. It is not attacked by water at 200°* 
by ammoniacal alcohol at 100°, or by alcoholic sulphide, sulphydrate, or ethylate of 
sodium at 150°. Treated with sodium, it yields toluene, and a hydrocarbon boiling 
at about 200°, but no benzyl; nearly the same decomposition takes place also when 
the vapour of the compound is directed upon hob soda-lime. (Limpricht, Bull. Soe 
Chim. 1866, ii. 467.) 

Benzylic chloride , C a H 4 .CH ? Cl, the compound isomeric with chlorotoluene 
first obtained by the action of hydrochloric acid on benzylic alcohol (Cannizzaro, i. 673)| 
is likewise produced by distilling toluene in a current of chlorine-gas, keeping the 
temperature between 110° and 140°; above that limit, more highly chlorinated pro- 
ducts are formed. The condensed product is redistilled, collecting the portion which 
goes over below 170°, and again submitted to the action of chlorine. In this manner, 
after a few rectifications, a quantity of benzylic chloride is obtained, equal to about 91 
percent, of the toluene employed, and distilling between 170° and 180°, the greater 
portion also between 176° and 176° — a certain quantity of more highly chlorinated 
product always remaining in the retort., in the form of a thick irritating oil. (Lauth 
and Grimaux, Bull. Soc. Chim. 1867, i. 106.) 

Chloride of benzyl boils at 176° (Cannizzaro), at 183° (corrected) (Limpricht).* 
Specific gravity = 1*07 at 14° (Limpricht). When heated with nitric acid diluted 
with ten timos its bulk of water, it is converted into benzoic hydride (bitter-almond 
oil) : 

C*H 7 C1 + NHO* = C 7 H s O 4- UNO 2 + HC1. 

Benzoic acid is also formed in this reaction; but if nitrate of load is used instead of 
nitric acid, and the operation is conducted in a current of carbonic anhydride, benzoic 
hydride is the only product. Benzylic chloride, boiled with recently precipitated 
hydrate of lead t is converted into benzylic alcohol : 

2C T H T C1 + PblFO 2 = 2C 7 IPO + PbCl* 

Heated with an equivalent quantity of jpotassic phenatc, in alcoholic solution, it yields 
C K I1 5 l 

benzylic phenate, Benzylic valerate is obtained in a similar manner, but is 

decomposed by distillation. Benzylic chloride heated to 115° in a closed vessel with 
rosaniline , or its hydrochlorate, in alcoholic solut ion, yields a very fine violet colouring- 
matter in the form of a dry mass, having a shining lustre and bronze-groon colour, 
and insoluble in water. To obtain a good violet, howovor, the. treatment must bo re- 
pented three or four times. The base, sot free by soda, is colourless at the moment of 
precipitation, but soon turns blue on oxposure to the air. (Lauth and Grimaux.) 

Benzylic chloride heated with water to 180° yields benzyl, benzylic ether, and 
anthracene (identical with that from coal-tar); 

4C r H T Cl + 2H a O - C ,4 H“ + C'HT® + 4HC1 + 2H a O. 

Benzyl. Anthra- 
cene. 


2CHPC1 + H’O 


(C 7 H 7 ) 2 0 + 2IIC1. 

BrrtzyHc 
ether . 


The benzylic other thus produced is identical with that which Cannizzaro obtained by 
the action of boric anhydride on benzylic alcohol. (Limpricht.) 

Dicklobotolurne, C T H*Cl a , and its isomers. — Kekul6*s formula of toluene, 
C*H 5 .CH*, suggests the possible existence of three di chlorinated derivatives, viz. : 

C*H*Cl*.CH # C a H 4 Cl.CH 2 Cl C-H*.CHC1* 

Dichlurotoluene. Chlornbentyllc Chlorobensol. 

chloride. 


The true dichlorotoluene does not appear to have been yet obtained, at least not in 
the pure state. Monochlorotolueno treated with chlorine yields a body which gives 
up one of its chlorine-atoms more readily than the other, and is, therefore, not dichlo- 
rotolueno, but chlorobcnzylic chloride. 

Chlorobenzol is formed by the action of phosphoric pentachloride on beozdic hydride: 
its two chlorine-atoms are, tlierofore, situated in the same manner as the sn&le oxygen- 
atom of benzoic hydride (which, according to KekulA’s theory • is C*H 5 .COH) : 


C a H\COH 

Bvnio c 
hydride. 


+ PCI 4 - 


PCPO, 


* Lm;pricht*» product was probably impure : the mudiU 
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Chlorobensylie chloride, C*H 4 C1.CH S C1 (oiten called Dichlcrotolnmey—' This 
compound ia produced, os above stated, by the act ion of chlorine on benzylic chloride, 
or on mcmocnlorotoluen e, and therefore also by the action of chlorine on toluene. 
Beilstcin (Ann. Ch. Pharm. cxvi. 336) saturates toluene in difftaed daylight with 
chlorine, either at ordinary or at higher temperatures ; distils, collecting the product 
which passes over between 186° and 220° ; and rectifies it several times. It is diffi- 
cult to obtain a product of constant boiling-point; that of the pure compound appears 
to be somewhat below 200°. (Compare Lauth and Grimaux, Bull. Soc, Chim. 
[1867], i. 108). 

Chlorobcnzylic chloride is a colourless, strongly refracting liquid, the vapours of 
which excite tears. It easily gives up one-half of its chlorine, but the other half is more 
fixed, as in true substitution-products. — With alcoholic potash, it yields a chlorinated 
oil, C*H n C10 t boiling at 216° — 220°, which is the ethylic ether of monochlorinated 

benzyl-alcohol, jj j O (Naquet, Ann. Ch. Pharra. Suppl. ii. 249); and with alcoholic 
sulphide of potassium, a beautifully crystallised compound, which is the sulphvdrate 

prTiepi | * 

or mercaptan corresponding to the same alcohol, 4 jS (Beilstein). Chloro- 

benzylie chloride is not converted into benzoic hydride by heating with water to 130° 
— 14t)° ; neither does it yield benzoic acid on exposure to moist air. (Naquet.) 

Chlorohenzol , (PIFCl 2 =* mP.CCl-H. (Cahonrs, Ann. Ch. Pham. lxx. 39; 
ibid. Suppl. ii. 253, 306. — Wicko, Ann. Ch. Pharm. cii. 356. — Engel harclt, 
Jnhresb. 1857, p. 470— Naquot, Ann. Ch. Phann. Suppl. ii. 249, 258.) — This 
compound, already described as chloride of benzylone, (C 7 ll e )"Ol* (i. 577), is pro- 
duced by the action of phosphoric pentachlorido on benzoic hydride. According to 
Lauth and Grimaux (Bull. Soc. Chim. j 1866], ii. 347), it is also formed, together with 
Ix nzylic and chlorobcnzylic chlorides, when toluene is distilled in a current of chlorine, 
and remains in the rotort, together with chlorobcnzylic chloride, after tho benzylic 
chloride has been distilled off. 

Ohlorobonzol is a colourless, strongly refracting oil, having a faint odour in the 
cold, strongly irritating when heated, and tailing at 206°. Specific gravity ** 1-296 
at 16°. It gives up the whole of its chlorine with proat facility, in exchange for 
oxygen, producing benzoic hydride, the reaction being, in fact, tho opposite of that by 
which it is produced : 

CIP.CCPII + IPO * OTP.COH + 2IICL 

Thus, when heated with water or aqueous potash to 120° — 130°, it is converted into 
benzoic hydride; and in contact with moist, air, it yields benzoic acid, evidently 
rrsulling from oxidation of the previously formed hydride (Cali ours). Heated with 
alcoholic sulphydrate of potassium, it yields the sulphur-analogue of benzoic hydride, 
C 7 H U 8, commonly called stdphohcnzol (Ca hours), — Sodium decomposes it, forming 
chlorido of sodium, and benzylone, C 7 II*. When its vapour is directed upon ignited 
soda-lime, benzene is formed, together with carbonic oxide and hydrochloric acid 
(Limpricht, Bull. Soc. Chim. 1866, ii. 467): 

C’IPCI* + IPO - C®H* + CO + 2HC1. 

Thichiobotoluenb, and its isomers. — Of the numerous isomeric compounds 
which might be included under the empirical formula C r IPCl g , only two are known 
with certainty, viz, ; 

C-H-C1*.CH 2 01 and C-IP.CC1*. 

Dtchlorobenciltc UenzotrtchlO’ 

. chloride. ride. 

The true trichlorotolueno, C # H 2 C1*.CH\ may perhaps bo formed by the action of 
chlorine on toluene, but it hainnot been isolated. 

iHcklorohctbsylic chloride , (/•H'd'^CH^Cl. — This compound is formed by the 
prolonged action of chlorine upon toluene, and separated by repeated fractional dis- 
tillation (Naquet, Ann. Ch. Pharm. Suppl. ii. 248). It is commonly regarded as 
trichlorotoluene, but, according to Kekule (J^ehrbuch, ii. 661), it should rather be 
regarded at a substitution-derivative of benzylic chloride, inasmuch as its formation is 
preceded bwihat of monochlorobenzylic chloride. It is a colourless liquid, having a 
pungent odoifr, and a specific gravity of T44. Under the ordinary atmospheric pres- 
sure, it boils, with partialdeeom posit ion, at 240° ; but under a reduced jjrpssure of 
10 mm. of mercury, it distill tri^hout decomposition at 1 36° — 143°. It may be heated 
several days, without forming benzoic acid; according to 
Haqu%,whtNrtrer, it yields fcfcs*t acid when stropgly heated with alcoholic potash. 

fienMOtrichloridt, a^-vHortnated Chlorobeneol, CPHKJI*. (Bchischkoff 
and Ito si n g, Jahresb |w278. — C ah o u r s, Ann. Ch. Pharm. Suppl. ii. 306,— 
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Limpricht, ibid, cxxxiy. 55, cxxxv. 80; Bull, Soc. Chim.- 1866, ii. 
substance, analogous incomposition and properties to chloroform, wa$ discovered, ^ 
1848, by Schischkoff and Rosing, who obtained it by the action oFpho?pboric pent*, 
chloride on benzoic chloride, to which it is related in the snipe manner as chioro- 
benzoi to benzoic hydride : 

C*H*.C0C1 + PCI* or C'H*.CC1* + POOP. * 

Benzoic Benso- 

chloride. trichloride* 

To prepare it, benzoic chloride is heated with pentachloride of phosphorus to 180° 
for 48 hours. It is also formed by the action of chlorine on ehlorobenzol. (Cahonrs.) 

Benzotri chloride is a liquid smelling like benzoic chloride, and boiling at 215°— 
218°. It is insoluble in wator, by which, however, it is converted (slowly in the cold, 
quickly at 140°) into benzoic acid. — Sodium does not act upon it, even at the boiling 
heat. — Dry sUver-oxidp converts it into benzoic anhydride; with silver-oxide moistened 
with alcohol, it forms benzoic acid and benzoic ether. When heated with alcohol to 
180 9 , it likewise yields benzoic acid, according to the following equation : 

C^'Cl* + 3(C 2 H*.H.O) « C 7 H*0* + 3C*H 5 C1 + H*0. 

Sulphydrate of potassium in alcoholic solution acts upon it, with evolution of heat, 
forming a crystallisable sulpho-compound, not yet investigated. 

Benzotrichlorjde heated to 140°, with aqueous ammonia, yields a large quantity of 
benzonitrile, behaving in this respect just like chloroform : 

C 7 H*C1* + NH* - C 7 H 9 N + 3HC1. 

It also reacts like chloroform with ethylate of sodium, forming a compound (boiling 
at 220° — 225°), analogous to the so-called tribasic formic ether : 

C’H*CP + 3C*H*NaO ~ 3NaCl + [cS»)*'| 0 ’- 

With acetate of silver , it forms, in the first instance, a compound, C ,8 H M 0* which 

may be regarded either as an acetyl-compound ^(y^tQy | O’, analogous to the ethyl ic 

ether just mentioned, or as a compound of acetic and acetobenzoic anhydride, 
pmiQ i C*H*0 t 

^Hjq O . This body decomposes easily, apparently with separation of 

acetic anhydride, and leaves a crystalline compound, which has the composition of aeeto- 
benzoic anhydride, [ 0» and separates, after a while, into acetic and benzoic an- 

hydrides. (Limpricht.) 

(C'H 5 )"*) 

With aniline, bcnzotrichlorido forms a base, C ,, H , *N 8 ** (C*‘H 6 ) S In* which yields 

H ) 

crystallisable salts, (Limpricht) 

Tetrachlobotolubitb, C'IPCI 4 , and its isomers. — A body having this com- 
position, and probably consist ing of trichlorobenzylic chloride, C*H*C1 S .CH*C1, is found 
among the products of the action of chlorine on toluene. It forms needles, melting at 
06°, and boils without decomposition at 276°. It is not decomposed by heating with 
water to 230°. (Limpricht.) 

Chlorobenzoic trichloride , C 6 H 5f ClH*.CCl* l the analogue of the true chlorobenzoic 
acid, is produced (together with benzotrichloride) by the action of phosphoric penta- 
chloride on chloride of benzoyl. It is a liquid, boiling at 260°, not solidifying at 0°, 
and converted into chlorobenzoic acid by heating with water (Limpricht). Identical 
with this is the tetrachloride, which was found by Kammerer and Carius (Ann. 
Ch. Pharm. exxx. 158) among the products of the action of phosphoric pentachloride 
on chloride of benzoyl; also that which Cahonrs obtained {ibid. Suppl. ii. 254) by 
the action of chlorine on ehlorobenzol. Koibe and Lautemann {ilkd. c*v. 195), by 
distilling salicylic acid with pentachloride of phosphorus, obtained a tetrachloride 
isomeric with the preceding, and perhaps consisting of C 8 H*C1H.CC1*. It melted at 
30°, and, whon heated with water to 150°, was converted into chloiosalylic acid, 
i Homeric with chlorobenzoic acid. (See p. 185.) 

PaifTACBX.OKO'roi.uisNE, CTIPCP. — A body haying this composition is said by 
Limpricht to be obtained, together with previously described products, by the action of 
phosphoric pentachloride on chloride of benzoyl. - 

Hbxch^obotolubne, C’HKJl*. — A body of this composition was * obtained by 
■ Levill e (Ann. Oh. Pharm. xliv. 304) as the final product of the action of chlorine on 
toluene (from tolu* balsam). A body of the same composition, and perhaps identical 
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therewith. W obtained by Oahcmn, by treating chlorobonrol with chlorine It form* 
«ilk? noodle*, wbi$h «nblime without decomposition, and may be recryatallised from 
ether. 

Respecting the dih^Srochlorate and trihydrochlorate of pentachlarotolhene, obtained 
by Deville, see i. 57*. 

Stbjltoluene, C*!! 1 * - C T H 7 (C*H‘) - C«H«(C*H»).CH*. (Glinser and Fittig, 
Ann. Ch. Pharm. czzxn. 303 ; Jahresb. 1865, p. 637.)-— This compound, homologous 
with ethylbenzene or phenyl-ethyl (iv. 484), ib produced by the action of sodium on a 
mixture of bromotoluene and ethylic bromide. It has a peculiar odour, like that of 
methyltoluene {infra), boils at 159° — 160°, and has a specific gravity of O' 8652 at 
21°. From the isomeric body cumene (obtained from cuminic acid or from coal-tar), it 
is distinguished by its boiling-point (cumene boiling at 144° — 148°), and from mesity- 
lone, with which it is likewise isomeric, by its behaviour with reagents. — Cold fuming 
nitric acid converts it into an oily, non-distillable nitro-compound, probably C*H ,0 (NO*)*. 
— With warm nitric acid , it forms trinitro-ethyltoluene, C p H 9 (N0*) , > which separates in 
Urge apparently rhombohedral crystals, melting at 92°, — Chromic acid oxidises it to 
Urephthalic acid. 

Hydroxjrltolneiie. Cresol. CreiyUo Aloohol. CTO-C^H^OHJ.CH 1 .- 

This compound, isomeric with benzylic alcohol, C*II\CH*(OH), and related to toluene 
in the same manner as phenol to benzene, has already been described, under the tot- 
mentioned name (ii. 106), as a colourless, strongly refracting liquid, obtained from 
coal-tar and the tar of fir-wood. It is, however, produced in a state of greater purity 
from toluidine — namely, by treating nitrate of toluidine with nitrous acid, converting 
the resulting nitrate of diazotoluene into sulphate, and decomposing this compound by 
boiling with water (p. 867)- As thus prepared, it is solid and crystalline. 

Thu nitrocresols are described under Cresylic Alcohol (ii. 106). Amidodi- 
nitrocrosol, C 7 H 4 (NO*) i{ (NH*) l is produced by saturating an alcoholic solution of 
Iriiiitrocroaol, first with ammonia, then with eulphydric acid gas. The deep red liquid is 
evaporated to dryness, the residue exhausted with ammoniuca) water, and the filtered 
solution acidulated with very dilute sulphuric acid, whereby the amidodinitrocresol is 
thrown down as a very dark-coloured precipitate, which may be purified by repeated 
crystallisation from hot wator or hot alcohol. It then forms yellow needles, which dis- 
solve but sparingly in hot water, aro nearly insoluble in cold water, but dissolve easily 
in alcohol and in ether. The salts of amidodinitrocresol are, for the most part, but 
slightly soluble. — Tho magnesium-salt is the most characteristic; it separates, on 
mixing concentrated solutions of tho ammonium-salt and magnesium-sulphato, in 
small crystals, the solution of which in warm water yields the salt in noodles an inch 
long. (Kellner and Beil stein, Ann. Ch. Phnrm. cxxviii. 164.) 

Methyltoluene, C # H»* « C T H ? (CH a ) - CTl\CH*).CH>. (Glinzor and Fittip, 
loc. cit.) — This compound, isomeric with ethylbenzene or phenyl-ethyl (iv. 484), is 
prepared, similarly to the latter, by tho action of sodium on a mixture of bromotoluene, 
methylic iodide, and other, perfectly free from water and alcohol, and cooled with ice. 
It is a colourless mobile liquid, having a peculiar odour, rot like that of benzene, a 
specific gravity of 0*8621 at 195°, and boiling at 139° — 140° (six or seven degrees 
higher than ethylbenzene). It is probably identical with xylone from coal-tar oil, and 
forms with fuming sulphuric acid a sulpho-acid, whose barium-salt crystallises, like 
the xylene-sulphite, in spherical aggregations ; the potassium-salt, C B H , JKSO , l forms 
silky laminae. 

By oxidation with chromic acid , methyltoluene (like xylene) yields terephtbalic arid, 
CTPO*, whereas ethylbenzene yields benzoic acid. 

Methyltoluene, warmed with fuming nitric acid , forms two isomeric di nitre-com- 
pounds, C’H^NO*)* one of which melts at 123*5°, and crystallises in long capillary 
needles ; while the other, whiclvmelU at 93° (like dinitroxylunu), forms large, colour- 
less, monoclinic crystals. When methyltoluene is dropt into a mixture^ of 2 vals. 
nitric and 1 vol. fuming sulphuric acid, cooled at the commencement, triqitrome- 
thy] toluene, C*H ? (NO*)*, is formed as a white precipitate, which separates from 
alcohol in rather large stellate crystals, melting at 137°. 

THoxy methyltoluene, CPH’K)* - C , H*(CH , 0)*.— Already described as me- 
thylate of benzylone (i. 677). When heated with acetic arid, it is converted into 
benzoic hydride and methylic acetate : 

CTO^CHH))* + 2(C 1 H*O.HO) - C T H f O 2(C 3 H*O.CH f O) + H’O. 
Hydrochloric arid likevki converts it into* benzoic hydride. (Cannizzaro, BulL 
Soc. Chim. [1866], ii 2tft) 

irttrotoluen«i(i. 674). — MotumUrotoluent, C*H'(NO*),is theredescribedasaliquid; 




with water, whereupon nitrotoluene-eulphuric acid (p, 860) romamadisaolxed, andn^ 
nitrotoluene is precipitated ; also by redistilling the ordinary product of the action of 
nitric acid upon toluene, and collecting the portion which distils above 240°. It 
separates from alcohol, in white shining crystals, which melt at 64°, and distil without 
decomposition at 238°* 

Chloronitroto'uene, C*H 8 (N O 2 )CI .CEP, is formed by the action of fuming nitric acid 
upon ch loro toluene. The isomeric compound nitrobenzylic chloride , C*H 4 (N0 3 ).CH 5 C1, 
is formed in like manner from benzylic chloride. It crystallises from alcohol in fine 
colourless laminae. Chromic acid converts it into nitrodracylic acid. 

Benzylic chloride, treated Nvith fuming nitric acid, likewise yields an oily liquid, 
slightly soluble in alcohol, which has not been much examined. This liquid, treated 
with chromic acid, also yields nitrodracylic acid. (Beilstoin and G-eitner, Bull. 
Soc. Chim. [1868], ii. 409.) 


Irinitrotoluene , C’H a (N0 3 ) 8 , is obtained bv keeping toluene in a state of gentle 
ebullition with fuming nitric acid for several days, and precipitating with water. It 
forms white needles, which molt at 82°, are very slightly soluble in cold, easily 
soluble in boiling alcohol and in ether. It is isomeric with chrysanisic acid. 
(Wilbrand, Ann. Ch. Pharm. cxxviii. 178.) 

Oxytolio Acid, C 7 H a O s . — An acid isomeric with oxybenzoic and salicylic acids, 
produced hy oxidising toluene with dilute nitric acid (iv. 321). 


Sulphur-derivatives of Toluene , and Compounds isomeric with them. 

Miircker (Ann. Ch. Pharm. cxxxvi. 79; Jahrcsb. 1865, p. 643) has obtained a 
toluenic sulphydrato analogous to cresol, and the isomoric compound, benzylic sulphy- 
drate, analogous to benzylic alcohol ; also toluenic disulphide, and the corresponding 
benzylic disulphide; and benzylic protosulphide, to which no corresponding toluene- 
compound has yet been produced. 

Benzylic Sulp hydrate, C r H 8 S*=^^ js = C^IP.CH^SH), is obtained by mixing 

an alcoholic solution of potassic sulphydrate (or sulphocarbonate) with chlorololueno 
or bromotoluene (? benzylic chloride or bromide), adding water aftor 24 hours, and 
rectifying the oil thereby precipitatod (Marcker, Ann. Ch. Pharm. cxxxvi. 75; 
Jahresb. 1866, p. 643). It is a colourless strongly refractive liquid, having a dis- 
agreeable alliaceous odour, and makes the eyes water. It has a specific gravity of 
1*058 at 20°, and boils at 194° — 195°. It decomposes mercuric oxide, forming tho 
compound C |4 H l4 Hg"S*, which crystallises from hot absolute alcohol in long needles. — 
With mercuric chloride , in alcoholic solution, it forms a precipitate containing 
C ,4 H ,4 Hg"S a .Hg"CP. — With acetate of lead , in alcoholic solution, it forms a crystalline 
procipitate of plumbobenzylic sulphydrato, C ,4 H l4 Pb"S; with silver- and cadmium- 
salts , white precipitates; with nickel- and copper-salts , green precipitates ; and with 
iron-, cobalt platinum and gold-salts , brown precipitates. Benzylic sulphydrate is 
converted, by exposure to the air, into benzylic sulphide (p. 869). 

Toluenic or Metabenzylic Sulphydrate , C*H 4 (SH).CH*. (Marcker, loc. 
cit. — Jaworsky, Jahresb, 1865, p. 642.) — This compound, isomoric with the 
preceding, is prepared by distilling toluene-sulphochloride, C ? H 7 S0 a Cl (p. 869), 
with zinc and dilute sulphuric acid. It then passes over with the vapour of 
water, while the Ipbs volatile tolueuic sulphide remains behind. It crystallises 
very easily horn ether, in large white laminae, unctuous to the touch, and having 
a peculiar odour. It is very soluble in ether, sparingly soluble in alcohol, in- 
soluble in water; melts at 42*6° to 43°, volatilises easily with vapour of water, and 
distils by itself without decomposition. The alcoholic solution becomes heated in 
contact with mercuric oxide, and forma the compound C 14 H N Hg"S a , which crystallines 
in lnminp having a satiny lustre ; with mercuric chloride , it forms the compound 
C l4 H l4 Hg"S* Hg"Cl a . — Lead-salts throw down the compound C H H l4 Pb"S a , in orunge- 
yellow flocks. — Silver-salts form a siskin-green, platinio chloride an orange-yollow, 
auric chloride a light-green, nickel-salts a green, copper-salts a green, and chloride of 
cobalt a violet precipitate. Toluylenic sulphydrate dissolves in warm concentrated 
sulphuric acid, with evolution of sulphurous anhydride, forming a deep-blue solution, 
from which water throws down a reddish resinous body, redissolved with blue colour 
by sulphuric acid. Benzylic sulphydrate does not exhibit this reaction. (Marcker.) 

Benzylic sulphydrate is oxidised by strong nitric acid, forming sulphuric acid, benzoic 
hydride, and small quantities of other products. Toluylenic sulphydrate, on the other 
hand, when added to nitric acid of specific gravity 1*3, is converted into toluylenic 
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|ioxywlpiiMfii C'H^O'S’, while ui trotolu.cn e-eulph uric acid ramains in solution. 
Miircker.) 

Qlfi| ntn i 

Benzylic 8ulfhid$ % (CrH 7 )^ «■ c®H 4 .CH 3 [ C^* r cker, loc, oit .). — This com- 
pound is produced by the action of an alcoholic solution of potassic monosulphide on 
chlorotolueno (more probably tolylic or benzylic chloride), and separates, on dilution 
with water, as an oily mass, which soon solidifies. It is insoluble in water, but 
dissolves easily in alcohol and ether, and crystallises, by slow evaporation of its solu- 
tions, in long needles by rapid cooling, in shining laminae. It melts at 49°, volatilises 
without decomposition, and is not precipitated by metallic salts. When added to 
cooled nitric cold of specific gravity 1 * 3 , it is converted into oily oxybenzylic sulphide, 
(C 7 H ; )*SO, which becomes crystalline on being mixed with water. Benzylic sulphide 
boiled with nitric acid of specific gravity 1 * 3 , or treated with stronger add, dissolves 
almost completely, with formation af sulphuric, benzoic, and nitrobonzoic acids, and a 
small quantity of a yellow acid, the barium-salt of which crystallises in yellow lamin®, 
Benzylic sulphide, subjected to dry distillation, gives off a largo quantity of sul- 
phy dric acid gits, and yields (at 200°) a distillate, consisting of tolue ne {boiling at 112°) 
and benzylic sulphydrate. Between 240° and 250°, tolylcne, C 7 H®, passes over, solidify- 
ing in the crystalline form as it cools; and at still higher temperatures, the distilla- 
tion being ultimately conducted in a current of air, two other crystalline bodies collect 
in the neck of the retort — viz., totally lie sulphide, (C T H 4 )*S (p. 861b and a body con- 
sisting of O s H , ‘S, which is insolublo in water, very sparingly solublo in absolute 
alcohol even at the boiling heat, more solublo in other or benzeno, and crystallises in 
long white needles; it molts at 180°, sublimes in needles or lamintje, and is, perhaps, 
identical with Laurent’s thionessal (p. 779). 

Benzylic Oxysulpkid c, ((FH'J’OS, formed by tho action of cooled nitric acid on 
b'-nzylic sulphide, crystallises from hot wutor, or from alcohol, in lamime having a satiny 
Juf*tro, melts at 130°, and solidifies again at the saiho temperature. It dissolves, 
ivadily also in ether, and melts under boiling water before dissolving. (Miirekor.) 

news QTJit i 

Benzylic Disulphide, C ,, II ,4 S 2 *» C f H*CH*l ®*» ^ grme d, as above mentioned, 

by tho oxidation of benzylic sulphydrate in contact with the air, moro quickly on 
rvu pnni ting a solution of tho sulphydrato containing ammonia, or by the action of 
]"itassinm-disulphido on chlorotolueno (bonzylie chloride), in alcoholic solution. It 
crystallises in white shining lamina*, melts at 65° or 07°, dissolves easily in ether and 
in boiling alcohol, but not in water. It decomposes whon heated, yielding the same 
compounds as the monosulphide, and is reconverted by nascent hydrogen into ben- 
zylic sulphydrato. It docs not precipitate metallic salts. (Miirckor.) 

Toluenio or Metabenzylio Disulphide , isomeric with tho 

preceding, remains in tho residue obtained in preparing toluonic sulphydrato 
from toluene-sulphocbloride, and is likewise formed, on evaporating a solution of 
toluenic sulphydrato in alcoholic ammonia. It crystallises in targo needles or 
latuinnp, molts at 41°, is insolublo in water, but dissolves easily in hot alcohol, 
and especially in ether. By hydrogen it is reconverted into toluenic sulphydrate. 
(Miircker.) 

Benzylic Dioxy sulphide, C H H |4 0*S*, produced by tho action of nitric acid on 
toluenic sulphydrate (p. 858), is insoluble in water and in aqueous potash, but dis- 
f ‘fives in ether, alcohol, or benzene, and crystallises in large transparent prisms, which 
melt at 74°, solidify again at the samo temperature, and when quickly heated, burn 
with brilliant scintillation. Tho alcoholic solution of this compound is not precipi- 
tated by mercuric chloride. (Miircker.) 

TOiVBanB-sVLVBAXnD^. C T ]r.80*.NH f . Syn. with Sulphqtoluolamidi 
( p. 527). — Produced by the action of aqueous ammonia on toluene-sulphochloride or 
toluene-sulphobromide. 

TOLVBVE-fitJlPBOBftOlIIBB. C*H 7 S0 3 Br. (Otto, Zeitschr. % Cbem. 
1866, p. 667. — Otto and v. Gruber, ibid . 1867, p. 222.) — Produced by the action 
of bromine on toluene-sulphurous acid (p. 860) suspended in water. It forms long; 
oblique, rhombic prisms, insoluble in water, easily solublo in ether and in benzene, and 
melting at 96° — 96°. By warm absolute alcohol, it is converted into cthylic toluene- 
sulphate ; by potash into potassic toluene-sulphate ; by ammonia into toluene-sulpha- 
mido. 

ToltnoilB-BTriiBSOCBMitSB. C’H T SO*Cl. (Fit tig, Ann. Ch. Phans, 
cvi. 280.- Marcher, ibid . cxxxvi. 79.— Jaworsky, Zeitachr. f. Chum. 1865, p. 221. 
— Otto, ibid, 1866, p. 667.)— Obtained by triturating toluene-sulphate of sodium with 
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an equal weight of phosphoric pentachloride, and repeatedly washing the product with 
water. It is insoluble in water, but dissolves in alcohol, ether, and benzene, and 
separates from ether in beautiful rhombic plates, or sometimes in large prisms. It 
melts at 68° — 69°, and boils, with almost complete decomposition, at 250°. 

It is scarcely attacked by water in the cold, but is slowly decomposed on boiling, 
and quickly when heated with it in a sealed tube to a temperature above 100°, yield- 
ing hydrochloric and toluene-sulphuric acids. The same decomposition is produced 
by prolonged boiling with alkalis in aqueous solution, rapidly in alcoholic solution. 
The chloride acts gradually upon alcohol, even in the cold, forming ethyltoluene- 
eulphate. With aqueous ammonia and solid ammonium-carbonate, it easily forms 
toluene-snlphamide. When a solution of toluone-sulphochloride in pure and dry 
ether is treated with sodium-amalgam, toluene-sulphurous acid is produced. The 
chloride, treated with zinc and dilute sulphuric acid, yields toluene-sulphydrate. 

Toluene-sulphochloride dissolves without alteration in a mixture of nitric and sul- 
phuric acids, and is not attacked by strong nitric acid, even at the boiling heat. When 
distilled, it gives off sulphurous anhydride, and yields a liquid distillate, probably 
consisting of monochlorotoluene. 

TOXUaWB-SULPHURIC, TOX.XTOl^BTTX.PHXJXtZC, or SULPHOTOLITZC 
AOIB. C’H‘SO* - C’H’.80»H = c * H ‘|s^- (Seville, Ann. Ch. Pham. 

xliv. 306. — Church, Jahresb. 1855, p. 634. — Fittig and Tollens, Ann. Ch.Phunn. 
cxxxi. 310. — Miircker, ibid, cxxxvi. 85. — Jaworaky, Zeitschr. f. Chern. 1865, p. 
220. — Otto, ibid. 1866, p. 656.) — This acid, already partly described as Benzylsul- 
fhurous Acid (p. 563), was discovered by Deville, who obtained it by the action of 
fuming sulphuric acid on toluene from tolu-balsam. It was afterwards prepared in 
like manner by Church, though in an impure state, from the toluene of coal-tar ; and by 
Fittig and Tollens from synthetically-formed mcthylbenzenc or phenyl-methyl (iv. 
486). Otto obtained it by oxidation of toluone-sulphurous acid, and Marcker pro- 
duced it, together with nitrotoluene-sulphuric acid, by treating toluene-sulpkydrato 
with nitric acid. A few of its salts have been examined by Jaworsky. 

The barium-salt , C ,, H l4 Ba"S a O <, 1 obtuinod by dissolving toluene in fuming sulphuric 
acid, neutralising with water after a few days, and saturating with carbonate of 
barium, forms ciystala, permanent in the air, easily solublo in water and in alcohol.— 
The lead-salt , C , *H ,4 Pl/ usually forms nodular crystalline masses, but may be 
obtained, by slow evaporation, in needle-shaped crystals ; it is easily soluble in water 
and in alcohol. 

Kthylic toluene-sulphate , C 7 H 7 .SO s (C a H 3 ), is easily produced by the act ion of toluene- 
Bulphochlorido or tolueno-sulpliobromide on alcohol. It is insoluble in water, but 
soluble in alcohol and ether, and crystallises in fine thick prisms, which molt at 32°. 

Amido toluene -sulphuric Acid, C 7 H # (NII x ).SO*Il. Syn. with Sulphotolylamic 
or Bbnztlsulphamic Acid. (See Sulphurous Ethers, p. 527.) 

Nitrotoluene-sulphuric Acid, C r H*(N0 3 ).SO a H — C*H*(NO*) — There 

appear to be two modifications of this acid, the one produced from nitrotoluene by 
the action of fuming sulphuric acid, the other by that of nitric acid on toluene- 
sulphydrate, being evidently formed by the nitration of toluene-sulphuric acid. But 
the two acids have not been sufficiently examined to render their separate existence 
a matter of certainty. 

Nitrotoluene-sulphuric acid is produced by treating toluene-sulphydrate with nitric 
acid, of specific gravity 1*3. and remains in solution, while toluene-disulphide crystal- 
lises out (p. 859), By evaporating the solution, it is obtained in deliquescent crystals.— 
Its barium-salt, [C , xI , (N0 2 )S0 , ] a Ba ,, .2H 2 0 > forms colourless, transparent* four-sided 
tablets, which dissolve easily in hot, slightly in cold water, are insoluble in alcohol* 
and give off their water of crystallisation at 1 10°. — The lead-salt , [C , H"(NO a )SO , ] x Pb". 
4H*0, forms transparent, very bulky, crystalline laminae. (Marcker.) 

ParanUrotfduene-sulphuric acid is produced by gently heating nitrotolueqe with fum- 
ing sulphuric acid. Its barium-salt forms shining pale-yellow crystals, which contain 
[C , H i (NO*)SO*3 , Ba\3HK) i and give off their water at 110°, (Church; Jawor- 
skys) 

TOLmora-svirBintoin acts. C 7 H t .S 0 3 H - c*H 4 J^®^.— Toiyisui- 

phurous or Benzylsulphurous Hydride. (Otto, Zeitschr. f. Chem. 1866, p. 655.)— 
This acid is obtained, similarly to the homologous compound benzene-sulphurous acid 
or phenylsulphurous hydride (p. 564), by treating toluene-sulphochloride, dissolved in 
ether free from water and alcohol, with sodium-amalgam, and decomposing the result- 
ing sodium-salt with hydrochloric acid. [At the same time there is formed a secondary 
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product* baying the empirical formula 0*H ,# S0 S , which dissolves in hat alcohol, and 
crystallises therefrom in oblique rhombic prisms, melting at 75° — 76 °.] 

Toluene-sulphurous acid crystallises fifqpa water in rhombic tables, unctuous to the 
touch, and having a brilliant satiny lustre ; or from dilute solutions in long needles 
united in large tufts. It melts at 85°, dissolves sparingly in cold water, easily in 
boiling water — also in alcohol, ether, and benzene. 

It is easily converted by oxidation into toluene- sulphuric acid, this effect being pro- * 
dued even by the oxygen of the air, though not so quickly as with benzene-sulphurous 
acid. When immersed in water, and subjected to the action of chlorine (beBt at a 
moderate heat), it is converted into toluene-sulphochloride, hydrochloric acid being 
formed at the same time. With bromine, in like manner, it yields hydrochloric acid 
and toluene-sulphobromide. 

Toluene-sulphites. — The barium-salt, (C 7 H T SO*)*Ba M , is anhydrous, and crys- 
tallises in small shining laminin, slightly soluble in cold water, more soluble in hot 
water and in ether. — The calcium-salt, (C 7 H 7 SO*)*Ca ".8H*0, resembles the barium- 
salt in form and solubility. — The silivr-aalt, C 7 H 7 SO*Ag, forms anhydrous iridescent 
mini me, somewhat soluble in boiling water. 

Et hylic toluene-sulphite, C 7 H. 7 .SO*(C # H‘), is easily produced by heating the acid with 
alcohol containing hydrochloric acid. It is liquid, insoluble in water, easily soluble in 
alcohol and ether. 

TO&raim. Syn. with Tolyl or Benzyl. 

TOLU-SVamm. Syn. with Euqeno-toluic Anhydride (ii. 605). 

TOLUOX.YGXO ACID. Syn. with Toltjeic Acid. 

TOlitTXC ACID. C*H*0’ . C ‘h°|o - C'H'Ico'h (Kokali). 

Tuiuolic Acid, Toluylic Acid. (Noad [1847J, Phil. Mag. [3], mii. 19.— Kraut, 
Dissertation uber Cuminol und Cymen [Gottingen, 1864], p. 20. — C ah ours, Ann. 

( h. Pharm. cviii. 316. — Cannizzaro, ibid . xcvi. 246; exix. 263; cxxiv. 262; 
Jahmd). 1861, p. 421 ; 1862, p. 267. — Mdller and Streaker, Ann. Ch. Pharm. ciii. 
61. — Tomple, ibid, c xv. 277. — Grices, ibid, cxYii. 61. — Beilstein and Yssel de 
Schcppor, dad. cxxxvii. 301; Bull. Soe. Chi m. 1866, i. 286. — Kokul6, ibid. 1866, 
ii. 46.) — An aromatic arid, homologous with benzoic acid, and isomeric with anisylous 
acid and methylic benzoate. It is produced: 1. By the action of dilute nitric acid on 
cymene(Noaa), or xylene (Bei lstein): 

C ,# H H + O* =. C*H*0* + •C 2 JI 2 0 4 + 211*0. 

Cjrmene. Toluic Oxalic * 

acid. acid. 

C 8 H ,# + O* - CWO* + H*0. 

Xylene. Toluic 

acid. 

2. Synthetically by the action of sodium and carbonic anhydride on bromololuene (Ke- 
C*H 4 Br.CH* + Na 2 + CO 7 * NaBr + C-H*. CH*. CO*Na. 

Bromuto- Toluate of to- 
luene. dlun. 

The toluic acid obtained by either of these three processes exhibits exactly the same 
properties, and is the true homologue of benzoic acid. A modification, called alpha- 
toluic acid, differing from toluic acid in some of its properties, but agreeing with it 
in composition, and in the essential character of being resolved by heat into toluene and 
carbonic anhydride, (C 8 H 8 0 2 — C 7 H* + CO 2 ), is produced by toiling vulpic acid or 
cyanide of benzyl with alkalis ^(Cannizzaro). Another modification, obtained by • 
G ri ess, by the action of nitrous acid on an alcoholic solution of amidotoluic or oxyto- 
luamic acid (iv. 321), has been regarded as homologous with aalylic acid ; but aa this 
acid has lately been shown to be identical with benzoic acid (p. 186), it is probable 
that, the toluic acid obtained by the last-mentioned process is likewise identical with 
ordinary toluic acid. 

Preparation of Toluic Acid. — 1. Prom cymone. — One pt. of cymene is distilled in 
a capacious retort with 4 pte. of a mixture of common nitric acid with six times its 
volume of water, the distillate being repeatedly poured back into the retort. The 
faction takes place quietly, the oil first becoming blue, then dark-yellow, then viscid, 
and finally sinking to the bottom. The operation is finished when the drops of oil, 
Yhich at first float upon the distillate, are replaced by white crystals, and on epoling 
the retort becomes filled with these crystals (Noud). If this method (which requires 
continuous boiling for a week) is exactly followed, and the toluic acid, as it is 
formed, is removed, so as to prevent any further action of the nitric acid, the acid i| 
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obtained perfectly pure (Kraut). — The toluic acid is the purer the weaker the nitric 
acjd, and the more slowly the distillation is conducted-} stronger acid acts violently, 
and forms nitrotoluic acid, which ir difficult to separate. In order to effect the sepa- 
ration, the mixture is first freed from nitric acid and a yellow resin, by boiling noth 
milk of lime ; the filtered solution of the calcium-salt is then precipitated by hydrochloric 
or nitric acid; the precipitated acids are dissolved in baryta- water, and evaporated on 
a water-bath ; the residue is treated with water ; the solution filtered from the nitro- 
toluate of barium, which is difficultly soluble, is next evaporated, again treated with 
cold water, and filtered; and this treatment is repeated till no more nitrotoluate of 
barium separates out; the liquid is then precipitated by an acid, and the product is re- 
crystallised. (No ad.) 

2. From xylene. — The hydrocarbon is oxidised, as in the preceding process, with 
nitric acid diluted with five or six times its bulk of water, and the product is freed 
from the small quantify of nitrotoluic acid, formed at the same time, by distillation and 
treatment with sulphide of ammonium. (Bei Istei n and De Schepper.) 

3. From toluene.— -Bromotoluene, mixed with toluene, is introduced into a long- 
necked flask, provided with an upright condensing-tube ; sodium, in quantity rather 
greater than that required by theory, is added in small pieces ; the whole, is heated in 
a water-bath ; and a stream of carbonic anhydride is passed into the vessel for 24 to 
48 hours. The sodium soon becomes covered with a blue crust, and is converted into 
a pasty mass of the same colour. As soon as the reaction is finished, the product is 
treated with water; the solution is filtered, to separate oily matters, consisting of un- 
altered toluene and bromotoluene, together with secondary products ; and the filtered 
solution of sodium- toluato is acidulated with hydrochloric acid, to precipitate tho toluic 
acid. (KekulA) 

Properties, — Toluic acid is precipitated from the solutions of its alkaline salts by 
acids, as a white curdy mass, which appears crystalline under the microscope. It is 
very soluble in boiling water, and crystallises therefrom in needles on cooling. It dis- 
solves very readily also in alcohol and ether. When pure, it is tasteless and inodorous. 
It melts at a temperature above 100° (at 175° to 176*fi°, according to Kckul6), and 
sublimes, without decomposition, in fine needles. 

Decompositions. — Toluic acid, heated with lime or baryta , is resolved into toluono 
and carbonic anhydride : C 8 H B G 2 «■ C 7 H 8 + CO 2 . — When boiled for some time with 
strong nitric acid , it is converted into nitrotoluic acid. — By distillation with penta- 
chloridc of phosphorus, it yields toluic chloride, C 9 H 7 0C1 (Cahours). — When intro- 
duced into tho animal organism, it passes into tho urine as toluric acid (p. 868). 

A mixture of toluate and formate X>f calcium yields by distillation, toluic aldehyde, 
C^SPO (Cannizzaro, p. 864): 

C l8 II» 4 Ca"0 4 + C 2 IFCa"0 4 - 2C 8 H 8 0 + 2Ca"CO*. 

Toluate of Formate of Toluylie 

calcium. calcium. aldehyde. 

Toluatee. — Toluic acid is monobasic, and its salts are mostly crystalline ; they have 
not, however, been much examined.— The ammonium- salt forms small prisms, — The 
barium-salt , C l8 H l4 Ba’'0 4 , obtained by neutralisation, forms confused crystals. — The 
calcium-salt , C l8 H I4 Ca"0 4 , separates from its concentrated aqueous solution in long 
shining needles. — The cupric salt , C 18 K u Cn''0 4 , is deposited, on mixing the potassium- 
salt with cupric sulphate, as a blue precipitate, slightly soluble in water. — The potas- 
sium-salt, obtained by neutralisation, forms long shining needles. — The silver-salt , 
C*H 7 Ag0 2 , is obtained* by double decomposition, as a curdy precipitate, crystallising 
from hot water in small needles.— The sodium-salt is more soluble than tho potas- 
sium-salt, aud does not crystallise. 

Derivatives of Toluic Acid. 

Iodotoltjic Acid, C b H 7 I0 2 . — Produced by the action of hydriodic acid on diazo- 
tolu-oxytoluamic acid (iv. 322). It forms white laminae or needles, slightly soluble 
in water, freely in alcohol or ether. (Griess.) 

NimoTOLinc Acid, C*H t (NO , ) 0*.— This acid is easily produced by boiling toluic 
acid with strong nitric acid. It may also be prepared directly from cymene, by boiling 
that hydrocarbon with the strongest fuming nitric acid, as long as red fumes aro 
evolved. The residue deposits a large quantity of crystals on cooling, and gives a con- 
siderable precipitate when treated with water ; the whole mass is then washed on & filter 
with cold water, then digested with ammonia and filtered, whereby a little oily matter 
is separated. The filtrate is decomposed with hydrochloric acid; the precipitated 
nitroteluic acid is washed with water, dried, dissolved in hot alcohol, and boiled with 
animal charcoal ; and the filtrate is left to evaporate. ^ 

Nitrotoluic acid forms beautiful pole-yellow rhombic prisms, slightly soluble in cola 
water, soluble in hot alcohol. 
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yttrotoluatc of Ammonium forms lone needles ; it easily gives up part of its am* 
monia. and the whole when boiled with animal charcoal, — The bariumsqlt^ 
C^H^Ba'XNO^O*, thrown down, on mixing the ammoniura-salt with chloride of 
barium, as a white curdy precipitate, which dissolves abundantly in hot water, and 
separates in BtelUte groups of needles on oaoling.—Tho calcium-salt, C , *H lt Ca w (N0 1 ) , 0\ 
is obtained in like manner as a crystallino precipitate, more soluble in water than the 
barium-salt, and crystallising therefrom in oblique rhombic prisms. — Cuprio salt 
Cupric sulphate forms, with the perfectly neutral ammonium-salt, a precipitato con- 
sisting of a basic salt — The potasstum-sa/t is very Boluble, and crystallises with 
difficulty in small neodles. — The silver-salt , CWAg^NO^O*, is a white curdy precipi- 
tate, very much like chloride of silver, very soluble m boiling water (blackening if too 
long boiled), from which it separates in feathery crystals on cooling; slightly soluble 
in alcohol. — The sodium-salt is uncry stalli sable. — The strontium-salt is very much 
like the barium-salt, excepting that the crystals are larger, and more soluble in water, 
(Noad.) 

Nitrotoluic Ethers . — The ethylxc ether , C 3 H*( C 2 IP)(N 0 2 )0 a , is prepared by dis- 
tilling the alcoholic solution of the acid saturated with hydrochloric acid gas, till the 
mixture of hydrochloric acid and alcohol begins to show turbidity with water; the oil 
remaining in the retort then solidifies to a crystalline) mass, which, after being washed 
with carbonate of potassium and with water, is dried between blotting-paper. The 
ether melts in the water-bath, and forms a clear liquid, which, on cooling, solidifies to 
a radiated crystalline mass. It has a pleasant odour. It is decomposed by potash into 
alcohol and toluic acid ; does not form an amide with ammonia. (N oad.) 

Met hylic 1 Sitrotoluate, C H II 6 (CII 3 )(XQ-)0-, is prepared like tho ethyl-compound ; but, 
ns it is generally contaminated with black greasy eecontWy products, it must bo dis- 
solved in strong nitric acid, boiled therewith for a short time, and precipitated by water ; 
it tlisn falls down in oily drops, which soon solidify in the crystalline Btato. It may 
be completely purified by distillation with water, and is then quite colourless. It dis- 
solves easily in ether, and is resolved by potash into nitrotoluic acid and methylio 
alcohol. (Noad.) 

I) r nitrotoluic Acid, C 8 H B (N0 2 ) 2 0 2 .— This acid is obtained by digesting nitro- 
toluic acid, for two days, with a mixture of equal parts of fuming nitric and fuming 
sulphuric acid ; and is precipitated from the solution by water, in crystals, which may 
be purified by recry stalli sation from boiling water. — The silver-salt, C“II*Ag(N0 a ) 7 0*, 
is a white precipitate. (Temple, Ann. Ch. Pharrn. cxv. 277.) 


OxYTOLUAMIC Aci 


H ’ \ 
d, (C 8 H®0)| 


N 

0 


or Aihidotoluic Acid, C*II t (NH*)0*, has been 


already described (iv. 321). 

Diazotolu-oxytcluamic Acid t C , H , N*0 , .C , H , N0* (iv. 322). 


Appendix to Toluic Acid . 

Alphatoluic Add, C 8 II\f Tl*CO*H. (Cannizzaro, Ann. Ch. Pharm. xevi. 216; 
further, Compt.rend. lii. 966 ; liv. 1225 ; Jahresb. 1861, p. 421 ; 1862, p. 267. Moller 
and Strecker, Ann. Ch. Pharm. cxiii. 64.) — Cannizzaro found, in 1855, that by boiling 
cyanide of benzyl (i. 573), with potash-ley, an acid is obtained having tho composition 
of toluic acid, but melting bolow 100°. Moller and Strecker, in 1857, by boiling 
vulpic acid with baryta-water, also obtained an isomer of toluic acid, which they 
denominated alphatoluic acid; and Cannizzaro subsequently found that this acid 
was identical with that which ho had obtained from bonzylic cyanide. 

Preparation. — Benzylic cyanide (i. 573) is boiled with strung potash-lev till the 
whole is dissolved, and no t more amjnonia is given off ; tho liquid is then diluted with 
water, and the concentrated filtrate precipitated with hydrochloric acid (C annizzaro). 
— 2. Vulpic acid is boiled for several hours with a solution of banum-h^dratc, saturated 
while warm (potash or soda would produce oxotolylic acid, iv. 217)f till the liquid has 
become colourless; the solution is then filtered, to separate oxalate of barium; and 
the filtrate is supersaturated with hydrochloric acid, which, as the liquid cools, throws 
down the greater part of the alphatoluic acid as a crystalline precipitate. The fil- 
tered solution, when evaporated, deposits a small additional quantity of the same acid, 
together with a large quantity of barium-chloride. <t . 

Alphatoluic acid, purified by recry stalli sation from boiling water, forms broad, thin, 
colourless, shining laminfc, having the form of acute rhombs, very much like benzoic 
acid. It has an odour like that of the perspiration of horses. It melts at 76'3°> and 
gives off* (even below 1 00°), vapours which excite coughing. It boils without decompo- 
sition at 265*6 3 (corrected ; the temperature directly observed was 262°). The specific 
gravity of the solid acid is nearly 1*3 ; that of the fused acid, compared with water 
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4°, is 1*0778 at 88°, and 1*0334 at 135°. It therefore expands very strongly in 
melting. It dissolves sparingly in cold, freely in boiling water, and the e olatio n, 
saturated at the boiling heat, deposits the acid on cooling m oily drops, which a ft er- 
wards solidify. The acid is also very soluble in alcohol. 

The alphatoluates are for the most part soluble^: those of the alkali-metals and 
alkaline earth- metals crystallise with difficulty, on account of their great solubility. 
The solution of the ammonium-salt gives a light-green precipitate with cupric sulphate! 
— The silver-salt, C 8 H 7 ATj0 2 , forms small colourless laminae, soluble in boiling water. 

Decompositions. — 1. Alphatoluic acid is but slowly attacked by oxidising agents, but 
when boiled with dilute sulphuric acid and potassic chromate , or manganic peroxide, 
it gives off carbonic anhydride, formic acid, and benzoic hydride. — 2. When wanned 
with fuming nitric acid, it dissolves, with transient red coloration ; and the Bolution,on 
cooling, deposits colourless needles of a nitro-acid, which forms yellowish solutions 
with alkalis. — 3. With pentachloride of phosphorus, alphatoluic acid yields hydrochloric 
acid, phosphoric oxychloride, and alphatoluic chloride, which distils over as a 
colourless heavy liquid. This chloride, treated with ammonia, yields alphatolua- 
inide, C 8 H fl NO, in crystalline scales moderately soluble in boiling water. 

4. A mixture of alphatoluate and formate of calcium yields, by distillation, alpha- 
toluic aldehyde, which forms, withacid sulphite of sodium, the crystalline compound 
C 8 H 8 0.NaHS0 8 . On separating the aldehyde from this compound by carbonate of 
sodium, and dissolving it in ether, it remains in the form of a gelatinous mass. By 
oxidation with nitric acid, it yields, not alphatoluic acid* Jbut an acid which appears to 
he a mixture of benzoic and nitrobenzoic acids. (Cann izzaro.) 

Paracblorotoluio Add, C 8 H 7 C10 2 . — This name is given by V ollrath (Bull. 
Soc. Chim. 1867, i. 342), to an acid which he obtains by oxidising monochloroxylene, 
C 8 H T C1, with chromic acid. It crystallises in slender needles, very slightly soluble in 
water, and melting at 203°. — The barium-salt , C , *H ,, Ba"Cl 2 0 4 .3H*0, and the calcium- 
salt , C ,8 H ,a Ca"Cl a 0 4 .3H 8 0, crystallise in Blender needles, soluble in water. 

TOX>VXO ALDDHTDI. C 8 H e O *= C 8 H 7 O.H. (Cannizzaro, loc . wVj-^-This 
body is produced by distilling a mixture of toluate and formate of calcium (p. 862). 
The oily distillate, agitated withacid sulphite of sodium, forms a crystalline compound, 
which, when treated with carbonate of sodium, yields the aldohyde as an oil having a 
peppery odour, and boiling at 204°. On exposure to the air, it gradually takes u p 
oxygen, and is converted into toluic acid. With alcoholic potash, it forms potassic 
toluate and toluylic alcohol (p. 869) : 

2C 8 H 8 0 + KHO - C 8 H r KO* + C 8 H'°0. 

TOX.TTXC AVBTSXXDX, (C 8 H 7 0) 2 0, is not known. — Salicylotoluic Anhy- 

(cwon 

. dride , C'TI^O 1 «* C M H 7 0 ]■ 0*, is formed by heating dry salicylate of sodium with an 

h < J 

equivalent quantity of toluic chloride. On agitating the product with a mixture of 
water and other till it dissolves, and. leaving the ethereal solution to evaporate, it 
remains as a yellowish viscid mass. (Kraut.) 

TOX.TTXC CKLOXXBB. C“H 7 OCl. Chloride of Oxytoluyl or Toluoxyl 
(Ca hours, Atm. Ch. Pharm. cviii. 315.) — Produced by distilling toluic acid with 
phosphoric pentachloride. Colourless, strongly refracting liquid, of specific gravity 
1*176, boiling at 214° — 216°. Fumes in moist air, and reacts with water, alcohol, and 
carbonate of ammonium like other acid chlorides. Heated with salicylol, it yields 
tolusalicylol (p. 170); with eugenic acid, in like manner, it yields eugenotoluic anhy- 
dride (ii. 606). 

TO&UXC XTBSX8. Et hylic toluate, C 8 H 7 (C a H*)0*, is obtained by passing 
hydrochloric acid gas into an alcoholic solution of toluic acid, distilling to about two- 
thirds, and adding water to the residue. It is then precipitated as a heavy black 
oil, which, after washing with ammonia and water, is dried over chloride of calcium, 
and rectified. It is a colourless aromatic liquid, smelling like benzoic ether, having a 
bitter taste, and boiling at 228°. (No ad.) 

jp henylic toluate , C 8 H 7 (C*H ft )O a , is obtained, by distilling salicylotoluic anhydride 
(see above), as a colourless oil, which quickly solidifies, and may be purified by boiling 
for a short time with weak potash-ley, and recrystallisation from ether-alcohol. It 
forms white nacreous laminae, melting at 71° to 72°, and smelling like gorariums when 
heated. (Kraut.) 

TO&VXXUnrSp or BBVZTLZBBBS. C t H*. — A n aldehyde-radicle, related^ 
tolylene or benzylene (ii. 577), in the same manner as ethylidene to ethylene. — The 
bromide, C 7 H*Br*» is formed by the action of phosphoric pentabromide on bitter^almond- 
oU, OTEPO (p. 853). 
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By heating toluidm% losfcniUn^ and other bases with bitter-aimond-oil, compounds 
are obtained, derived from the original compound by substitution of 1 at. toluidenc for 
9 at hydrogen. 

(C*H*)" ) 

Benzyliden&rosanilin e, (C a, & , *) Tl vN s , is a copper-coloured, crystalline, feebly basic 

compound, obtained by heating rosaniline with bitter-almond-oil to 100° or 120® 
(Sen iff, Compt. rend. lxv» 45). The other substitution-products, just mentioned, 
will bo described under Toluidine (p, 807) and Tolylene-diaminb (p. 872). 

TOLUIOB8, Compounds homologous with the anilides (iv. 419), derived from 
toluidin e-salts by abstraction of water, on from toluidine by substitution of an acid- 
radicle for hydrogen, and produced in many instances by boating toluidine with acids; 
e.g.x 

C*H*O.H.O + C 7 H T .NH* - H*0 « C T H«(C ? H l O).NH*. 

Acetic acid. Toluidine. Acetotolulde. 

They may be regarded as amides containing the radicle tolyl or benzyl; e.g.. aeeto- 
C 2 H*Oj 

toluido » tolylacetamide, C 7 H 7 vN. See Tolylacbtamidb, Tolylbbnzakidb, &c. 
(pp. 871, 872). 


TOIUID 1 H 1 . C 7 H f N* * Amidotoluene, C 7 H 7 (NH*). — A crystalline base, produced 
by the reducing action of sulphydric acid or ferrous acetate on nitrotoluene. It has 
been already described as Bbnzylaminb (i.576); but Cannizzaro has shown that a base 
having the samo composition but different properties, is formed by the action of alco- 
holic ammonia on benzylic chloride (p. 867). The compound thus formed is a true 
ammonia-base or amine, and is properly designated as bonzylamine or tolylamine, 

and represented by the formula J N ; whereas the base obtained by reduction of 

nitrotoluene is Tather to be regarded as amidotoluene or toluidine, C 7 II T (NH a ). 

.Preparation. (See i. &7»). — For preparing toluidine on the largo scale, Hugo 
Hull or (Zeitschr. f. Chem. 1864, p. 161 ; Jahresb. 1864, p. 423) converts commer- 
cial toluene, boiling at 108° to 114° (pure toluene boils at 1 1 1°), into nitrotoluonc, by 
pomfnga irtixture of nitric and sulphuric acids into it in a slow stream (if the action 
becomes too rapid, dinitrotoluenc is also formed), and reduces this product with iron 
end acetic acid. The crystalline toluidine thus obtained is freed from adhering liquid 
base by drenching it with the portion of American petroleum or Burmese naphtha, 
which boils between 80° and 100° (chiefly heptylic hydride), and Anally recry stallising 
it from this hydrocarbon. E. Soli (Chem. Soc. J. xvi. 186) prepares toluidine, in 
considerable quantity, from that portion of the residue of the aniline manufacture 
(queue# <£ aniline), which boils below 270° (the higher portions containing pi rani line, 
&c., iv. 362). This liquid is distilled in a large copper retort provided With a loner 
condensing-tube not cooled ; the portion of the distillate boiling between 180° ana 
2*10° is subjected to fractional distillation ; the several portions of the distillate are 
treated with a hot solution of oxalic acid ; and the sparingly soluble oxalate of tolui- 
dine is decomposed by potash-ley as soon as a sample of the base separated by ammonia 
solidifies at once. The brown toluidine thus separated, which crystallises on cooling, in 
washed with water, pressed between paper, and distilled. It passes over between 198° 
and 200°, and solidifies in the receiver in snow-white crystals, which gradually turn 
brown in contact with the air. (Sell.) 

Toluidine boils at 206° — 206°, under a pressure of 730 mm. (Sti&deley, J . pr. 
Chem. xevi. 65.) '•* 

Reactions. — Toluidine is absolutely incapable of neutralising dilute sulphuric acid 
(Wanklyn, Laboratory , i. 3). When moderately heated with fuming sulphuric arid, 
it forms tolylsulphamic or sulphotolylamic acid, C’lFNSO* (p.627 ; Bell, 
loc. ciiX An aa neons solution of sulphate of toluidine mixed with cyanate of potas- 

(c°n 

*ium, deposits white needles of monotolylcarhatnide, C 7 H T | N* (Sell). Finely- 

H* ; 

divided toluidine combines rapidly with eihylic cyanate , forming tolyl -othylcarbe- 
OO ') 

H* j 

« 8 K 
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m*, 


mi 

carbonic disulphide, •forma ditolyleulphocarbii mlde^ C ! W) 2 1 N*. (Sell) ;' : - 

/ 

Tolu i dine, fused with an equal weight of succinic acid, forms tolylsuccinimide/ 

< 0 %P’I* axrf ditoI y Wcina m ide, %|V j* (Sell.) 

A mixture of toluidino and acetic acid, treated with trichloride of phosphorus, yields 
ethenyl-ditoluidino,* C^H^N 2 (Hofmann; see p. 867). — With benzoic hydride 
(bitter-almond-oil), toluidine forms dibejizylidene-tolylamine, C M H**N* -> 


N f (C , IP) 2 ( C 7 H 7 ) 2 (Schiff, Jahrosb. xviii. 429). — With mtinonc and perchloroquinonc, 
toluidine forms compounds homologous with those produced by aniline (Hofmann, 
iv. 426). — A mixture of 1 at. hydrochlorato of toluidine and 1 at. azobensene is con- 
verted (at 230°) into a black mass, containing, together with unaltered toluidine, a ruby- 
red colouring-matter soluble in hot water, a violet substance somewhat less soluble in 
water, and a blue substance soluble in alcohol. — With nitrobenzene , in like manner, a 
tarry greenish mass is formed, which does not contain any colouring-matters (Stiide- 
l er, Jahrosb. 1806, p. 409). — Toluidine heated with half its weight of acetate of rosa - 
nilivc , forms t ri toly 1-rosaniline or tolu idine -blue, C 2 ®H ,8 (C T H 7 ) 8 N # . (Hof- 
mann, iv. 472*) 

Cyanotoluidine, C*H B N 2 (i. 676), is resolved, by evaporation of its hydrochlorate, 
similarly to cyaniline (iv. 443), into anl-ammoniac, hydrochlorate of toluidine, oxamide, 
nionotolyloxamido, and ditolyloxamide. (Sell.) 


Derivatives of Toluidine containing Alcohol -rad icles . 

Phenyltoitjidinb, C ,8 H n N = C 7 H 6 (C 8 H 5 ).NII 2 .— This base, which Hofmann 
obtained by the dry distillation of a salt of tritolyl-rosanilino (iv. 472), is likewise pro- 
duced, together with diphenylumine and ditolyiamino, by heating hydrochlorate of 
toluidine with aniline, or hydrochlorate of aniline with toluidine. The three boflflf 
may be separated by fractional distillation, but the separation is difficult, as 
boiling-points do not differ by more than 25° or 30°. Phenyltoluidine boils at -ftjjfl Wt 
330°. (He Lairo, G irard, and Chapoteaut, Hull. Soc. Chim. 1866, 

BkNZYI.TOLITIDINW, OT TOLYLTO LTJ IDINE, C H H 14 N = 

Ditolylamine. — Produced by heating 1 at. hydrochlorate of toluidine with l£ at. of the 
free base, to 210° — 240°, in a long-neeked flas’; provided with a condensing-tube, or 
more quickly by beating the mixture in a scale 1 tube under a pressure of four or fire 
atmospheres.' On treating the product with hydrochloric acid diluted with twenty or 
thirty times its bulk of water, the hydrochl orate of benzyl tolu idine is decomposed by 
the water; and the benzyltoluidine thus separated, floats on the surface as an oil which 
solidifies on cooling, and may bo purified by recrystallisation. It boils between 366° 
and 3t>0°. It forms unstable salts, which aro decomposed by water. .Nitric acid turns 
it yellow, a character by which it is distinguished from diphenylamine. (Ho Laire, 
Girard, aud Chapoteaut, loc. cit.) 

Hibknzyltoluibinb, C 2t H 2, N = C : H 5 (C 7 H T ) 2 .NH 2 . — This base, isomeric 
with tribenzylamine, (C 7 H 7 )H a N (i. 676), is produced by hoating an alcoholic solution 
of 1 at. toluidine with 2 at. benzylic chloride, and subjecting the base, separated from 
the product by potash, to a repetition of the same treatment. It crystallises in slen- 
der needles, melting between 64*6° and 66° (tribenzylamine crystallises in small 
tables, and melts at about 93°). It is insoluble in water, slightly soluble in cold, 
easily in hot alcohol, and becomes yellowish on exposure to light. — The hydrochlorat* 
dissolves readily in alcohol, and is decomposed by water, with separation of the base.— 
The chloropiatinafe, which is also decomposed by water, crystallises from an alcoholif 
solution mixed with ether. (Cannizzaro.) , ; 

Derivatives of Toluidine containing Aldehyde-radicles, 

• These compounds are formed by the action of aldehydes on toluidine. — Dietkylidene 

di toluidine, C'-H^TO 3 - C"H*(C 3 II<) 3 : (NH 2 ) 3 - (C*H«)*.(C J H!)*N*, obtained bj 
the action of acetic aldehyde on toluidino, crystallises in yellow nodules, and foiniJ 

red resinous salts with acids. — Dialh/lidev e-difolut’dine, (C*H 4 ) , (C 7 H 7 ) 2 N 2 , is obtain^ 
in like manner with acrolein, as a brown resinouB mass. — PibenzylideTte-dUoluidtni 

* Rthenrl, C*H S , it the UUtoroic n.dtcle commonly Called Vimyl. For Hofimum*» 

cloture of hydrocarbon*, see Proc. Roy. Soc. xr. jJ. 



TOLXJIDINE. 

CE®’ - (C f fr , ) , (C»H’) , N’ prodnced tho action of bitter-almond-oil on tolni- 
difta, separates from alcohol as a yellow, crystalline, indifferent body, which melta 
ia boiling water, and is converted, at 160°, into yellow needles, melting at 120°— 125°, 
and capable of combining with acids and chlorides, (Schiff, Zeitschr. f. Chem. 1866, 
p. 400.) - 

* Ethenyt-ditoluidine, C ,# H 1 W-C'tH«» (C .H'y';.(NH*)*. (Hofmann, Proc. itoy. Soc. 
*v. 65; Jahresb. 1865, p. 4 IP}— This base, derived from 2 at. toluidino by substitution 
of the triatomic radicle ethenyl (vinyl) for 3 at. hydrogen, is produced by tho action of 
trichloride of phosphorus and chloride of acetyl on toluidino at 160°: 

6C T H*N + 8CHTOC1 + PCI 1 - 3C‘«H 18 N* + PHW + oHCl, 
Whonpuriflod by recry stallisation from alcohol, it forms whito laminm, resembling the 
corresponding phenyl-compounds. 


Azotoluidine^. 


Azotoluidine, or Diazotoluene, C 7 H 8 N S — C 7 1I 4 N"\NH*. (Griegs, Chem. 
Soc. J. xx. 86.) — The salts of this baso (which has not been obtained in the free state) 
exhibit considerable analogy, in their properties and modes of formation, to tho corres- 
ponding aniline-derivatives (iv. 430) ; they appear, however, to he somewhat more 
stable, and to crystallise more readily. 

The nitrate , C 7 H*N*.NHQ*, is best prepared by the action of nitrous acid on an 
aqueous solution of nitrate of*Toluidine, but it may also bo formed from azoditolui- 
dino. It forms long white needles, which aro decomposed on boiling with water, 
according to the equation : 


C 7 H 6 N a .NHO* + 

NitriUf of 
Azotoluidine. 


IPO 


C 7 H a 0 + NIIO* + M* 

Creiob 


The other salts aro obtained from tho nitrate in the same manner as the correspond 
ing phenyl-compounds. —The chloroplatinate , 2(C 7 H ,) N 2 .HCl).PtCl 4 l is precipitated, in 
fine yellow prisms, on adding platinic chloride to a dilute solution of the hydrochlorale. 
•When ignited with soda, it yields an aromatic oil, having tho composition of chloruto- 
lug* C 7 H T C1. 

toUphate, C 7 H*N 2 .SH a 0 4 , is obtained in brilliant plates, needles, or prisms, 
accord I ngfco the circumstances under which it crystallises. When heated with strong 
Sulphuric aoid, it gives off the wliolo of its nitrogen, and is converted into di sulpho- 
tolylenvc acid, C 7 H ,0 S a O» - C^^SIPO 4 , the barium-salt of which, C 7 Il H Ua J H a O", 
crystallises in long white needles, — Tho perbromide , C 7 li‘N*.HlJr , ) is precipitated by 
bromine -water from aqueous nitrate of azotoluidine, as a yellow oil, which, after 
evaporation of the excess of bromine, solidities to a crystalline mass. 

A zoditoluidinr, C i4 H I4 N* *= C M H 1I N"\(NH 2 ) , , or Diazototxkne-amidoto- 

luenb, J C , H 7 (NJI 2 )’ — -^is ^ a8e P r °d uc °d by passing nitrous acid vapour through a 

solution of toluidino in a small quantity of Htrong alcohol mixed with two or three 
times its volume of ether, till a drop of tho solution leaves, on evaporation, a 
residue of yellow needles. The solution of these crystals, left to evaporate, deposits 
the base in yellow needles, which must be washed with alcohol, und re crystal Used 
from a mixture of alcohol and ether. The crystals have a strong lustre, and correspond, 
in solubility and other properties, with azodiphenyl-diamine (iv.469). 

The chloroplatinate, C M H u N s .2HCl.PtCl 4 , is obtained in glittering plates, resembling 
iodide of lead, on mixing an alcoholic solution of the base with platinic chloride; it 
deflagrates at a high temperature.-* (Griess, Chem. Soc. J. xix. 67.) 
Azophentltoluidinje, — C t3 H B N"'.(NH a )*, or Diazotoluknk-aiiido- 

' ‘tKNSKxie, j * °^^ ne< ^ hy tho action of aniline on nitrate of azotoluidine, 

ry stall is es in beautifiil long yellow needles. (Griess, Chem. Soc. J. xx« 87.) 


Appendix to Toluidinb. 

*ea*ylAmlne f C’HTO - j N. (Cannizzaro, Bull. Soc. Cbim. 1861, ii. 126; 

i(j65, ii* 218.) — This base, isomeric with toluidine, is formed, together with trifcenzj 1- 
)*N (i. 574), and probably also with dibenzylamine, (CGT^HN, by the 
jetio n Of alcoholic ammonia on benzylic chloride, C 7 H T C1. The mixture, after a few 
-HmqmtM tabular crystals of tribenzylamine, and on evaporating the Altered 
«fiid km* watw-bath, and treating the residue with hot water, a further portion of 

3 K 2 
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tribenzylamine remains undi 3 solved, and the solution cofitdiBS, together with sal- 
ammoniac, the hydrochlorate of benzylamine, and probably also of dibenzylamina. Tli«> 
hydrochlorate of benzylamine is separated from the more soluble portion by fractional 
crystallisation ; and the free base separated from this salt by potash is dissolved in 
ether, freed from ether by evaporation, dehydrated by fused potash out of contact with 
the air, and then distilled — the portion which gives overjte 182° being collected apart. 
For complete purification, it is converted into the sol^P^arbonate by exposure to a 
stream of dry carbonic anhydride ; the carbonate iB washed with anhydrous ether, 
and dissolved in hydrochloric acid ; and the crystallised hydrochlorate is decomposed 
with potash as above. 

Benzylamine, thus prepared, is a colourloes liquid, not altered by light, and boiling 
at 182° — 183°. (Toluidine, described, at vol. i. p. 57.1, as benzylamine, is crystalline at 
ordinary temperatures, and melts at 40°). It mixes with water in all proportions 
(toluidine is but slightly soluble in cold water), and is Separated therefrom by potash, 
with faint yellowish colour. It absorbs carbonic anhydride rapidly, forming a crys- 
talline compound ; has a strong alkaline reaction ; forms white fumes with hydrochlo- 
ric acid, and unites with acids, producing rise of temperature. Altogether, it appoarg 
to be a stronger base than toluidine. — Hydrochlorate of benzylamine , C 7 H B N.HC1, 
crystallises in striated tables ; the chloro^latinate in orange-coloured laminae. 

Libenzylamine , (C 7 II 7 ) 2 HN, isomeric with benzyltoluidine, has not been isolated, 
but appears to be formed, together with mono- and tri-bonzylamine, in the process 
above described. 

Tribenzylamine , (C 7 H 7 ) S N, isomeric with dibenzyltoluidine (p. 866), has boon 
already described (i. 674). 

C a H s ) 

Phenyl-benzylamine, C l, H 1B N = C 7 H 7 >N. (Fleischer, Ann. Gh. Pharm. 

H ) 

cxxxviii. p. 225; Bull. Soc. C him. [1866], ii. 235.)— This base, isomeric with Hof- 
mann's tolylanilino (iv. 454), is produced by mixing aniline with benzylic chloride 
(boiling at 170°).* The mixture becomes hot, and deposits white crystals, consisting 
of hydrochlorato of aniline, together with phonyl-benzylamine : 

C T H 7 C1 + 2C 8 H 7 N = C 8 IPN.IIC1 + C ,8 H'»N. 


The mixture must be heated to 160° for twenty- four hours, to complete the reaction ; 
and on dissolving out the hydrochlorate of aniline from the product by water, the phenyl- 
benzylamine remains as an oil, which is converted by hydrochloric acid into crystals of 
the hydrochlorato, C^II^N.HCl. On decomposing this salt with soda, and distilling 
tho liberated base under a pressure of 45 millimetres, the greater part passes over, 
between 200° and 220°, in tho form of an oily liquid, which soLidifics at a low tempera- 
ture, and may be purified hy pressure between bibulous paper, and recrystallisation 
from boiling alcohol. 

Phonyl-benzylamine crystallises in colourless four-sided prisms, insoluble in water, 
but soluble in alcohol and in ether. It melts at 32°, remains in a state of surfusion at 
12°, and boils under the ordinary pressure at a temperature above 310°. (Tolylaniline 
melts at 87°, and boils at 334°). — The hydrochlorate, C II H 1, N.HC1, forms colourless 
crystals. — Tho oxalate, (C ls II l3 N) 2 .C 2 H 2 0\ forms white laminie. — The base forms, with 
chloride of cadmium , the compound C^H^H.CdCl*. 

Phonyl-benzylamine, fused with mercuric chloride, forms at first a green mass, 
which dissolves in alcohol with fine blue colour ; but by the prolonged action of heat, 
this mass assumes a dark colour, and then forms with alcohol a crimson solution. 

Phonyl-benzylamine treated with chloride of benzoyl forms plienyl-bensyl-ben- 
camide, (C 8 H*)(C T H 7 )(C 7 H*0)N, which crystallises in oblique prisms. 

T OXiTTOXa. Syn. with Toluinb. 

TOXitTOXaXO ACID. Syn. with Tolujc Acid. 

TO&VOH 1TEZLS. Syn. with Bhnzyi.cyaxide (i. if 3). 


TOLVOSALXCTL, or TOLUOBAUOTLOL. See Saxjctloi. (p. 170). 
TOLTtOXTXh CTFO. — The radicle of boluic acid and its derivatives. (Footnote, 


N 


p. 869.) H 

mmioAoa. ww - 

h . 

lute Add. (K rant, Ann. Ch, Pharm. xcviii. 360.) — An add homologous with 


0 . — Toluglycic Add. Glycocd-to- 


• Cfclorotoluena (according to Fla I scher), but the boiling-point shows that the eoaamnd MS* 
was really beusyUc chloride (p. 854}. - • - ^ * 
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himraric acid, produced*™ the ‘passage of toluic acid through the animal. body, just as 
hintrartc acid is formed from benzoic add (iii. 168). To obtain it, toluic acid is 
gwtdlowed in doses of several grammes (which may be done without injury to the 
health) * the acid urine afterwards voided is evaporated to a svrup ; this residue is 
exhausted with alcohol ; the solution is mixed with oxalic acid and left to evaporate; and 
the residue is finally exhausted with alcoholic ether. The yellowish toluric acid still 
contaminated with oxalic mffi, which remains on evaporating this last solution, is 
boiled with calcic carbonate ; the calcium-salt, which crystallises out on cooling, is 
nurified by repeated crystallisation, and then decomposed by heating it wiih dilute 
hydrochloric, acid ; and the acid, which crystallises out on cooling, is purified by solution 
in boiling water. It may be obtained in largo crystals, by spontaneous evaporation of 

the alcoholic solution. . . . . 

Toluric acid crystallises from boiling water in colourless lam mas ; from alcohol m 
tri metric prisms, exhibiting the combination ocP . ooPoo . Pc© , also with oP ; they 
are as hard as gypsum, and have a vitreous and nacreous lustre. The acid is inodo- 
rous melts at 160° — 165°, and decomposes at a stronger heat, emitting an aromatic 
odour. It dissolves freely in boiling water, slightly in cold water ; in almost any pro- 
portion of hot alcohol, abundantly also in cold alcohol, sparingly in other froo from 

&1 Tohlric acid, boiled with hydrochloric acid, is resolved, similarly to hippuric acid, 
into toluic acid and glycoeine : 

C , *H M N0 1 + H*0 « C a H 8 0* + C*IPNO*. 

Toluric acid. Toluic Glycoclu®. 

acid. 

Tolu rates. — Most of those salts are soluble in wator, those of the alkali-metals 

being the most soluble. „ „ . . . . 

The barium-salt, € 2 °H ?0 Ba"N 2 O 8 .5H 2 O, crystallises in small needles, apparently tri- 
motric, exhibiting the faces ®P, odPoo ; it dissolves easily in hot water. —1 ho 
calcium-salt , C"H sw Ca''NH^3H 2 0, forms flattened crystals, one or two millimetres long, 
and strongly streaked parallel to their axis ; very soft, and haying a s» Iky lustre ; spar- 
ingly soluble in cold, easily in hot water. — The silver -salt, L 11 8 A gM) , obtained by 
double decomposition, is very soluble in hot water, and separates in well-defined crys- 
tals on cooling.— The sodium-salt crystallises from water in feathery needles. 

The solution of the sodium-salt forms a white precipitate with neutral acotato of 
lead, brownish-yellow with ferric chloride. The latter precipitate is soluble in alco- 
hol, and melts partially when boiled with water. 

TOIVTI. OH®. — The radicle of toluylic alcohol and its allied compounds ; * 
isomeric with xylyl. Free toluyl, obtained by the action of sodium on to- 

luylic chloride, is a thick liquid, boiling at 296°. (V ollrat.h, Zeitschr. f. Chem. [2], 
ii. 488 ; Bull. Soc. Chim. [1887], i. 343.) 

TO&VTLAKXVS. A ijame sometimes applied to loluidtne. 

TOLVT&BVI, A name sometimes given to tolylone or benzylone, C’H®, but 
more properly belonging to the hydrocarbon CH*. 

TOLQTLXC ACETATE, C'H*(C*II # )0*, obtiiined by the act ion of toluylic chloride 
on acetate of potassium, or (better) on acetate of silver, is a liquid haying an agreea 0 
odour, and boiling at 226°. Alcoholic potash easily converts it into toluylic alcohol. 

TOX.tnrX.IC ACID. Syn. with Toluic Acid (p. 8G1). 

TOX.UYX.XC AXCOBOX.. C*H"0 - C *j l '[o. Toluic or Tclumylic Alcohol. 

(Cannizzaro, Compt.. rend. Kv.^22fi ; Jahcesb. 1882, p. 207.)-An alcohol iremcric 
with xylylie alcohol, obtained : 1. By the action of alcoholic potash on toluic aldohjda 
(Cannizzaro): 

2C*h*o + kho - cupko* + cni-o. 

Toluylic Toluate *£ 2 $? 

aldehyde. aleohok 

2. By the action of alcoholic potash on toluylic acetate 

metalline body, which melts at 68'6°— 69 6 , and boils at 217 (*J 3 , uvlic alcohol 

oil, which merely becomes viscid at —18°, and boils at about 220 ). ? 

is slightly soluble in cold water, somewhat more freely in boiling water, and separates 
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therefrom in oily drops, which afterwards solidify in needle-shaped crystals ; it fe 
easily soluble in alcohol and in ether. Nitric acia converts it into toluic aldehyde. 
Heated in a stream of chlorine -gas, it is converted into toluylic chloride, C*H*Cl ; and 
this compound, heated with cyanide of potassium in alcoholic solution, ib transformed 
intotoluylic cyanide, C*H*N * C*H®CN, which, when distilled with potash, yields al- 
phatoluic acid (p. 864). 

TOX.mri.ZC CHLORIDE, C 8 H»C1 (Vollrath, Zdfcschr f. Chem. [2], ii. 488), 
produced by the action of chlorine on xylene, C 8 H ,D , at the boiling heat, is a liquid 
having a disagreeable odour, and boiling at 193°. When treated with cyanide of 
potassium, in presence of alcohol, and then with potash, it yields ulphaxylylic acid, 

C*H»0* n. O'H* | ch'.COIIO. ( So ° Xtlyuc Acid.) 

SO&TTLIO BtrLFHISB and BVLPBTDBATB. Both sulphide and sul- 
phydrate of potassium act very strongly on toluylic chloride, producing in the one case 
the Bulphide of toluyl, (C 8 H°) a S, in the other sulphydrate, C 8 H*.H.S. Beth 
these compounds are liquids of disagreeable odour. The sulphydrate forms a bulky 
white precipitate with an alcoholic solution of mercuric chloride, and yellow with acetate 
of lead. (Vollrath.) 

TOL7L, or SBZra&n. C T H* « C a H 4 (CH 9 ).--A monatomic radicle, which may 
be supposed to exist in benzylic alcohol, benzylamine, tolylic or benzylic bromide, 
chloride, &c. The name benzyl is the most convenient for it, as tolyl is too much like 
toluyl. 

Benzyl in tlio free state, C 14 II 14 , is obtained by heating benzylic chloride with excess 
of sodium to 100°, treating the product with ether, and evaporating the ethereal solu- 
tion. It then remains as an oily body, which crystallises, after some time, in needles 
and laminae. When purified by pressure between paper, and repeated crystallisation 
from strong alcohol, it forms whito monoclinic crystals, exhibiting the combination 
ooPoo . + Poo . —Poo . oP . -JP», tabular from predominance of —Poo, and in- 
distinctly cleavablo parallel to ooP and [ ooPoo ]. The following angular magni- 
tudes have been approximately determined : ooPoo : + Poo = 150°; [ooPoo]: +P 
= 132°; oP : + Poo =* 131^°. Benzyl melts between 51*6° and 52*5°, distils 
without decomposition at 284°, is insoluble in water, but dissolves in alcohol, ether, 
and sulphide of carbon. (Cannizzaro and Rossi, Ann. Ch. Pharm. exxi, 250; Jah- 
resb. 1861, p. 648.) 

Benzyl is likewise produced by the action of sodium on bromide of benzylidene, 
C 7 Il°Br 2 (p. 853). Sodium acts rapidly on this compound at 180°, hydrobromic acid 
being given off, and a thick black mass formed, which is partly soluble in ether. On 
distilling the soluble portion of the product, toluene is given off* at 109° ; and the black 
resinous residue, if further distilled in a stream of aqueous vapour, gives off an oily 
liquid, which soon solidities to a crystalline mass of benzyl, C H II 14 (Michaeison and 
Lipprnann, Ann. Ch. Pharm. Suppl. iv. 113; Jahresb. 1865, p, 550). The authors 
regarded the product thus obtained as isomeric with benzyl, and called it iso benzyl, 
because it appeared to unite directly with bromine, instead of forming- substitution- 
products, like the benzyl obtained by the process of Cannizzaro and Rossi; but Fittig 
has shown (Ann. Ch. Pharm. exxxvii. 271), that benzyl obtained by either process acts 
in the same manner with bromine. 

Several substitution-derivatives of the molcculo C ,4 H M , called dibenzyl -com- 
pounds, have been obtained byStelling and Fittig (Ann. Ch. Pharm. exxxvii. 257 » 
Jahresb. 1865, p. 547). 

Amidobenzyl, or Diamidodibenzyl , C ,4 H ,a N a — C ,4 H^(NH*)*, is produced 
by reducing nitrobenzyl (p. 871) with tin and strong hydrochloric acid, and is thrown 
down by ammonia — from the solution previously freed from tin — as an amorphous pre- 
cipitate. It resembles the homologous compound, amidophenyl or benzidine (iy. 411), 
and crystallises from hot water in colourless scales, which are nearly insoluble in 
cold water, very soluble in alcohol, melt at 132°, and sublime, almost without decompo- 
sition, at a higher temperature. It is a base, and forms crystalline salts. 

The hydrocldorate, C’ 4 H ,a N*.2HCl, is very soluble in water and alcohol, and sepa- 
rates from strong hydrochloric acid in small colourless crystals. — The chloroplatinate, 
C N H li N*.2HCl.Pt.Cl f , forms easily decomposible needles, united in concentric groups. 
-—The sulphate, C l4 H ,8 NMPS0 4 , is a white crystalline powder, slightly soluble in 
water. — The neutral oxalate, C ,4 H w N*.C*H*0\ is a crystalline precipitate; the arid 
oxalate, C l4 H l4, N a .2C a H*0 4 .3H*0, is deposited in hard, transparent, prismatic crystals, 
nearly insoluble in cold water. — The phosphate is a white precipitate. — The chromate 
forms easily decomposible yellow needles. 

Isonitrolwnzyl is easily reduced by tin and hydrochloric acid to a base, which soon 
changes to a tarry mass. 
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1 torom&beneyl*. — Benzyl, suspended in water aud mixed with bromine, yields & 
pasty mass consisting of several substitution-products. On dissolving the product, deeo- 
lorisod with soda- ley, in hot alcohol, dibromodibcnzyl crystallises out first, while the 
munobrom mated, compound remains in solution. — jMonobronwdtbmzyl, C |, H l, Br, when 
purified by distillation, is a colourless viscid oil, having a specific gravity of 139ft at 
9°. It solidifies below 0°, in the crystalline form, boils at a temperature aliove 310' J , 
ami, like the following comjiound, is not decomposed by heating to 140° with alcoholic 
solution of ammonia, iodide of potassium, or cyanide of potassium. — lHbrom od then zyf, 
CMl'^Br*, is nearly insoluble in cold alcohol and benzene, very sparingly soluble in 
hot alcohol, melts at 114° — 115°, and crystallises in colourless prisms or needles. — 
Triitromodibencylt C^H'^Br* (or, perhaps, C l4 H 18 Br,Br*), is formed, together with di- 
bromodibenzyl, when the quantity of brominoused is sufficient to cause tho mass, which 
is pasty at first, to become solid and friable. It is still less soluble in alcohol thnrt tbe 
dibrominated compound, and in the pure state forms nacreous lamimr, which decom- 
pose at 170°, without previous fusion. — Iltzbromod ibmcyf, C M II h Br 6 , is obtained by 
bringing dibromodibenzyl in contact with excess of bromine, and reerystallising tho 
product from benzene, in hard, colourless, well-defined prisms, nearly insoluble in al- 
cohol. 

Bromide of Benzyl or Dibromide of Dibinzyh C M II ,4 Br*. — This compound is formed, 
together with monobromobunzyl, by adding bromine to an ethereal solution of benzyl ; 
and crystallises in colourless silky needled* not fusible without decomposition. It 
dissolves in boiling alcoholic potash, with formation of monobromodibenzyb (Mieh- 
at ison and Lippmann ; Fittig.) 

Hit robensyl, or Dinitrodibenzyl , C l *H 12 ^NO*) a . — Fuming nitric acid acts 
violently on benzyl, even in tho cold, converting it into two isomeric nitro-com pounds, 
which may be separated from one another by crystallisation from alcohol. Thu hot 
saturated solution first deposits long slender needles of nitrobenzyl, insoluble in 
walor, only slightly soluble in hot alcohol, other, chloroform, or benzene, and melting 
sit 106° — 107°. Tho mother-liquor, when concentrated, deposits the more soluble inn- 
nit robmzylf partly in crystalline nod tiles, partly as a thick oil. This compound 
crystallises from alcohol in extremely fine needles, which form a bulky woolly mass 
when dry, and melt at 74° — 75°. These nitro-eompounds are reduced, by tin and 
hydrochloric acid, to tho corresponding am ido-com pounds (p. 870). 

Hitrobromobcn ?yl, C H Il , \NO*)*Br*, is produced by dissolving bromobenzyl in warm 
fuming nitric acid. When purified by washing the crystals which separate on cooling, 
with hot- alcohol, and recrystallising the undissolved powder from benzene, it forms 
well-developed sword-shaped crystals, which melt at 204° — 206°, are nearly insoluble 
in hot alcohol, more soluble in not benzene. 

BEVITLACITAMIDB, C*it n NO* ~ 


(Riche and BArard, Ann. 


TOmACBTAMZOE, 

C’H 7 ) 

C a H*0 1 N, or ACBTOTOL1JZDS, C’II 8 (C*H 8 0).Nm 

C'h. Pharm. cxxix. 77; Jahresb. 18G3, p. 428. — Stadeler and Arndt, Jahrosb. 
1861, p. 42ft.) — This compound, homologous with phenylacotamide (iv. 418), is pro- 
duced by distilling 1 at. toluidine with 1 at. acetic acid, and remains, on treating the 
last portion of tho distillate with acidulated water, as a white residue melting at I4b° 
(Riche and Berard). It is likewise formed in tho manufacture of aniline by reduc- 
tion of commercial nitrobenzene with iron and acetic acid. The viscid oils which pass 
over towards the end of the operation, contain a solid body which, when purified by 
pressure between paper and repealed crystallisation, exhibits tho composition of 
acetoluido (Riche and Berard).' Stiidelcr and Arndt found the solid mass, obtained « 
by repeated distillation of crude commercial aniline with glacial acetic acid, to consist 
chiefly of acetanilide and aeetoluide. The latter whs separated by solution in strong 
sulphuric or acetic acid, precipitation with water, and crystallisation, or sublimation in 
a stream of carbonic anhydride. 

Aeetoluide, when sublimed or quickly crystallised, forms small slender needles like 
sublimed benzoic acid; by slow crystallisation, it is obtained in longer and thicker 
brittle needles. It is tasteless, and at ordinary temperat ures inodorous, melts at 1 4 ft® 
— 145*6°, evolving aromatic cough-exciting vapours, and boils Ht 310°-- 350°. It i* 
sparingly soluble in cold water (in 1786 pte. 66 r ), easily soluble in lwnling water, also 
in alcohol and ether. It dissolves in concentrated acids, and is precipitated therefrom 
by water — not decomposed by boiling with dilute acids, or with a aqueous alkalis 
(Stadeler and Arndt). According to Riche and Berard, it is slowly decom- 
posed by boiling with aqueous potash, and quickly by distillation wveffiuwl pjtaiaiaiii* 
hydrate, into toluidine and acetic acid ; the same decomposition is easily produced by 



"flv . TOI/n*AMIl^^ 

a3coioIJCjx)taflh fStadeJer and Arndt), Its solution in 6tromg auipburlcacSdsa^ 

& fine green colour on sddit/ou of potisffii? e&iVESfa fSfsde/ersjjd Arndt ) 

TPXTZaMm. Syn. with Bbcstla wra (p. 867). 

TOXTIANIKIVE, C a H 4 ( C 7 H 7 ).NH 7 .— A base isomeric, if not identical, with 
phenyl toluidine (iv. 464; v. 866). 

TOLTLBBNZAMZDE, BEEZY LBBITZAMID1, or BBVZOTOLVtBS. 

C u H lg N » C 7 H 7 .C 7 H*O.HN - C*H‘(C 7 H*0).NH*. (Jaillard, Compt. rend. £ 
1096 ; Jahresb. 1865, p. 428.) — Prepared by treating chloride of benzoyl with tolui, 
dine, washing the resulting hard mass with acidulated water, and dissolving it in 
boiling alcohol of 90 per cent. It then crystallises, on cooling, in long, colourless, and 
inodorous needles, insoluble in water, easily soluble in alcohol and in ether. It melts 
at 100°, and volatilises without decomposition at 232°. When heated with alkalis, it 
is resolved into benzoic acid and toluidine. 

TOXTLCABBAMIDE, BZNZTLCABBAMZDB, or CABBOTOXVZSI, 

(CO)'*) 

C s H ,# N*0 *» C T BL T IN* — Benzyl-urta (Sell, Chem. Soc. J. xvi. 190; Jahresb. 

H* J 

1866, p. 426) separates, on mixing a hot aqueous solution of toluidine-sulphate with 
a recently prepared solution of potassium-cyanate, in white needles, which have a 
sweetish taste, dissolve sparingly in cold, easily in hot water, also in alcohol and in 
ether, and are resolved, at 168°, into ammonia and ditolylcarbamide. It is related to 
tho isomeric compound obtained by Noad from nitrotolylamide, in the same manner 
as the true phenyl-urea to the compound which Chaucel obtained by reduction of 
pitrobenzamide (See Caubamidks, i. 764, 7 55.) 

Toly l -ethyl carbarn ide, C ,# H ,4 N*0 - (CO)"(C 7 H 7 )(C*IP)H 2 N* is obtained by 
direct combination of toluidine with ethylic cyanate, and separates from a boiling mix- 
ture of alcohol and water, in white crystals. It is insoluble in water, but soluble in 
alcohol. (Sell, be. cit .) 

Ditolylcarbamide, C l# H l- N*0 =» (CO)"(C 7 H T ) 2 H*N*, is produced by boiling an 
alcoholic solution of di toly I muI phocarbamido with mercuric oxide, as long as mercuric 
sulphide is thereby separated. The filtered solution yields ditolylcarbamido in white crys- 
tals. It is likewise obtained, together with the products of decomposition of ordinary urea, 
by the dry distillation of monotolylcarbamide. It is insoluble in water, easily soluble 
in alcohol, and is decomposed by strong sulphuric acid, in the manner shown by the equa- 
tion, into tolylsulphamic or sulphotolylumic acid, carbonic anhydride, and water(p. 527): 

C u H’«N*0 + 2H*S0 4 = 2(C 7 Il 9 N.SO s ) + CO* + H a O. 

(cs r ) 

Ditolylsulpho carbamide, C 15 H ,B N*S =» (C'H 1 ) 3 1- N 2 , is obtained by warming 

a concentrated alcoholic solution of toluidine with an equal volume of carbonic disul- 
phide, not above 80°, till the evolution of sulphvdric acid ceases, distilling off tho 
excess of carbonic disulphide, and recrystallising the remaining crystalline mass from 
alcohol. It is inaolublo in water and in cold alcohol, has a bitter taste, and forms 
laxge acuminated prisms, which melt at 164°, and sublime without decomposition. (Sell.) 

TOLTL-DZPHEirYL-ROfAVILINE. See Phentlamiwes (iv. 473). 

TOX.TX.BVB. C*H B . — Syn . with Benzylene (i. 577). 

TMTUVS«UJinn. C’H'*N* - (C ^ r 4 ‘ ) "|N’. (Hofmann, Proc. Roy. 

Soc. xi. 618.) — This base, first obtained as a by-product in Colin’s aniline factory 
at Paris, is prepared by distilling dinitrotoluene with a mixture of iron-filings ana 
acetic acid. When recently prepared, it forms crystals which become slightly coloured 
on exposure to the air, but may be rendered colourless again by treatment with 
animal charcoal. It melts at 99°, and distils without decomposition at about 280°. • 
It is dissolved in considerable quantity by boiling water, and separates on cooling in 
needles, sometimes an inch long. It is easily soluble in alcohol and ether. Its solutions 
have an alkaline reaction. 

Dy dr obr ornate of toly lent -diamine, C , H 1# N*.2HBr, forms short needle-shaped crys- 
tals, soluble in water and in alcohol. — The hydrocklorate is easily soluble in water, 
even at ordinary temperatures, but crystallises easily from Btrong hydrochloric acid. — 
The chloreplatinate forms yellow needles, vot y easily soluble in water. — The sulphate, 
C , H , *N*.H*S0 4 , farms long well-defined needles, which become reddish on exposure to 
the air. 

Tolylene-diamine, treated with cenantliol, forms dicenan thylidene- tol ylens* 
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diamine,. 0*|H*|S* — (C*H I4 )*(C r H*)Tf , > as a heavy non-basic oil, solnble is alco- 
hol, hut insoluble in water. With bitter-alnjond-oil, in like manna?, it yields 

jjhrab 7 1866 p* -^ljlene-diamine, C«H»N> -(«C’H«)'(0O’'k*)"N* (Schmidt, 


composition ofditolylene-phenylene-triaminc, (C'H*)‘(C*1I‘)H’N‘ ( being formed by 
elimination of 6 at. hydrogen from a mixture of 2 at. toluidine and 1 at. aniline 
Other bases of similar constitution may be obtained by the action of oxidising or dehy- 
drogenising agents on toluidine, aniline, and mixtures of the two : * 

a. Tritolylene-triamine, or Chrysotoluidine, C ,, H n N* — is a yellow 

baBe, resulting from the oxidation of 3 at. toluidine : 

8(C , H T )H r N — H* - (C 7 H # ) l H i N , s 

P. Triphenylcne-triamine, or Violaniline, C li H l 5 N* - is a violet base, 

formed, in like manner, from 3 at. aniline. 

7 . Diphenylcne-tolylcne-rosan iline, or Mauvaniline, C'^H^N 1 «■ (C’H®)" VN B . This 

H* ) 

base is formed (together with violaniline and a small quantity of rosanilino) when the 
aniline used is not quite free from toluidine : 


2(C # H>)I1*N 

Aniline. 


(C’H’JH'N - 3II< 

Toluidine. 


(C B H 4 )*(C 7 II‘)H B N». 

Mauvantllne. 


Mauvaniline is a crystallised baso of light-brown colour, becoming darker when 
heated. The crystals »ve hydrated, containing 2C lB H lT NMI*0. They retain their 
water at 120°— 130°, and give it up only at a temperature al which they begin to 
decompose. 

Mauvaniline is soluble in alcohol, ether, and benzone, insoluble in cold, very 
soluble in boiling water. It dissolves in acids, forming crystal li sable salts, which 
ha vo a bronze-green reflex, like those of rosaniline. They are slightly soluble in cold, 
moderately soluble in boiling water, and in strongly acidulatod water. They rival the 
salts of rosaniline in tinctorial power, imparting a fine mauve colour to silk and wool. 

Violaniline, mauvaniline, rosanilino, and chrysotoluidine, form an arithmotic series, 
whose common difference is CH 2 , The formation of violaniline, mauvaniline, and 
chrysotoluidine being Btrictly analogous to that of rosaniline, these bodies may also 
be expected to result from the oxidation of commercial aniline. It is well known, 
indeed, that the quantity of rosaniline obtained in the preparation on the huge scale 
is considerably less than that which corresponds to the quantity of aniline and 
toluidine transformed, and that there is producod, at the same time, a quantity of 
resinous matter, of violet to brownish-yellow colour, and possessed of basic properties. 
This resinous matter is a mixture of sevorfti compounds, extremely difficult to separate, 
and doubtless consisting in great part of the three homologucB of rosaniline just men- 
tioned. The authors have, in fact, detected mauvaniline in the residues of tho prepara- 
tion of rosaniline-salta ; they likewise attribute the decided violet tint exhibited by- 
certain commercial aniline-reds to the presence of muuvaniline, and the yellow 
tint sometimes observed in commercial rosaniline-salts to admixture of chrysotoluidine. 

•. The three atoms of typic hydrogen in each of the bases above mentioned may bo 
replaced by alcohol-radicles, ethyl, methyl, phenyl, tolyl, &c. f forming derivatives 
analogous to triothyl- and triphenyl-rosaniline (iv. 471, 472), and obtainable by simi- 
lar methods. 

«. The secondary monamines, diphenylaraine, ditolyl amine, methyl-phenylamine, 
&c., subjected to the action of dehydrogenising agents, likewise give off 6 at. hydro- 
gen, and yield substituted triamines of rosaniline, chrysotoluidine, and violaniline; eg . : 


3(C y H T )H*N - H* 
Dltoly lamina. 


Tntolyl.chrjrkO- 

toluldine. 


Syn. with Toltl-xthtl-caubamide (p. 872). 

Syn. with ToLTz.Aim.iiQc (iv. 464). 

This name is given by J a i 1 1 a rd (Compt. rend- lx. 

1096) to a compound obtained by heating a mixture of toluidine and salicylpl to 60°, 




and crystallising the product from hot alcohol , It forms yellow crystals, inodorous. 
insoluble in water, soluble in alcohol and ether, melts at 100 a , Volatilises at- a higher 
temperature, and is decomposed by alkalies. According to J aillard, it has the same 
composition as tolylbenzamide, C 14 H >8 NO, and its hydrochlorate gives, with platinic 
chloride, a double salt, containing 2(C 14 H ,3 NO.HCl)Pt.Cl 4 . 

TO&nSUOCXVZMZBB, or 8VCCX1IOTOLVZBB. C n H»*KO a « 
^ | N *■ C 7 H :, (C 4 H 4 0 3 )".NH a , — This compound is formed by melting equal 

weights of succinic acid and toluidine, and crystallising the cooled mass from boiling 
water/ It volatilises without decomposition, dissolves easily in hot water, alcohol, and 
ether, and separates from solution in colourless crystals. 

(C 7 H 7 ) 2 ) 

XHtolylsuccinamide , C ,8 H 20 N 2 O a = (C 4 H 4 0 2 )" [N*. is the portion of the above -me ri- 
ll® J 

tioned product insoluble in hob water; it crystallises from hot alcohol. (Sell.) 

TOiTlSVlPBUBOUS BBOKXBS and CHX.ORXDB. Syn. with Tom- 
kne-sulvhobromide and Toluenb-sulphochlohidk (p. 859). 

TO£TLSV&PBT7BOV8 BTDBXBE. Syn. with Toluene-sulphurous Acid 

(p. 860). 

TOBYB-TBXOBXtt’AMXBTB. By heating toluidine with oil of mustard to 
100° for several hours, a mass is formed, which solidifies in laminae on cooling, and 
may be purified by recrystallisation from alcohol. It is inodorous, insoluble in water, 
easily soluble in alcohol and ether, melts at 100°, and is converted, by oxide of lead or 
mercury, into a non-sulphuretted compound, which crystallises in needles. (Jail- 
lard.) 

TOMBAC. An alloy of copper and zinc containing about 80 per cent. copj>cr. 
(See Copper, Alloys of, ii. 47, 49.) 

TOMBAZXTB. Breithaupt’s name for a variety of nickel-glance from a mine 
near Lobenstein. 

TONKA-BBABB. Tho fruit of Diptcrix odorata , a leguminous tree, indigenous 
in Guiana. They are about the size of a largo almond, rather cylindrical than flat, 
and pointed at. both onds. The outer shell is dark-brown, wrinkled, and has a fatty 
lustre. The beans have an aromatic bitter taste, and a very agreeable odour, like that 
of molilot and woodruff. They contain counmrin (ii. 93), and a fixed oil, besides sugar, 
gum, starch, malic acid, salts, and woody fibro (Bo u liny und Boutron -Oil ar ? 
lard, J. Pharm. xi. 426; ibid. [3] vii. 160). They are used as a perfume, especially 
for snuff. 

The so-called English tonka-beans (from Dipterix oppositifolia) are rather smaller 
and darker, but otherwise not essentially different from those just described. 

TO PAX. Physalite. Pyrophysalite. Pycnite. Schorlar tiger Beryl . Stangen- 
stein . — A tribasic silicate of alumiuium, Al 2 O s .Si0 2 , having part of the oxygen replaced 
by fluorine. It occurs in trimetric crystals, exhibiting the combination P . »P, 
oo?2, like/b. 265 (ii. 147), also with the basal face oP, and the face 2 £qo replacing 
the terminal edges between P and P ; frequently also with other faces subordinate. 
Axes a : b : c «■ 0*6285 : 1 : 0*4770. Angle P : P (bracb.) = 141° O'; P : P (macr.) 
= 101° 40'; P ; P (basal) — 87° 18'. The crystals are usually hemimorphous, the 
extremities being unlike. Cleavage very perfect parallel to the base. The mineral 
also occurs granular, coarse or fine. Hard cess =* 8. Specific gravity 3*4 — 3*65. 
Lustre vitreous. Colour yellow, white, green or blue ; pale. Streak uncoloured. 
Transparent to subtmnslucent. Fracture subconehoidai to uneven. Pyroelectric. 
Beforo the blowpipe on charcoal, it does not fuse, but when strongly heated becomes 
covered with small blisters, which crack as soon as formed. The pale-yellow varieties 
become colourless when heated, the dark -yellow become rose- red or hyacinth-red. 
Whon strongly heated in a glass tube with microcosmic salt, it exhibits the fluorine 
reaction. With borax it slowly fuses before the blowpipe to a colourless glass; 
with, microcosmic salt it forms a silicious skeleton, the bead becoming opalescent on 
cooling; with carbonate of sodium it forms a tumid, semitransparent slag; with a large 
quantity of the sodium-salt, a tumefied infusible mass. It is insoluble in acids ; and 
when digested for some time with strong sulphuric acid, it gives off hydrofluoric acid. 

The analyses of topaz from F&hlun in Sweden, and Trumbull in Connecticut, by 
Forch hammer (J. pr. Chem. xxix. 294 ; xxx. 400), give from 34*39 to 35*66 percent, 
silica, 54*88 to 55*96 alumina, and about 17 per cent., fluorine, showing that topaz may 
be regarded as a mixture or compound of tribasic aluminium-silicate with silico-aluminic 
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fluoride la the proportion represented by the formula (2Al*F».SiF*).5(Ai*0 , .Si0 t ). 
The older analyses by Berzelius, Vauquelin, and Klaproth gave the amount of fluorine 
about 3 per cent, too low. 

Topaz occurs in gneiss or granite, with tourmaline, mica, and beryl, occasionally with 
apatite, fluor-spar, and tin; also in taleose rock, ub in Brazil, with euclase, &c., or in 
mica-slate. Fine topazes come from the Ural and Altai Mountains, from Minsk in 
Siberia, and from Kamtschatka, of green and blue colours ; from Villa Rica in Brazil, 
of deep yellow colour; blue crystals occur at Cairngorm, Aberdeenshire, and in the tin- 
mines of Schlackonwald, Zinnwald, and Ehrenfriedersdorf ; smaller crystals also at 
Schneckenstcin and Altenberg in Saxony, and on the Mourn o Mountains in Ireland. — 
Pycnite is a massive, subcolumnar variety of topaz from Altenberg, Schlackonwald, 
Zinnwald, and Kongsberg. — PhysaHte, or Pyrophysalite^ is a coarse nearly opaque 
variety, which intumesces when heated. It is found in yellowish- white crystals, of 
considerable size, at Possum in Norway, and at Finbo and Broddbo in Finland ; a crys- 
tal was found in this last locality, weighing eighty pounds. Topaz occurs in the United 
States, at Trumbull and Middletown in Connecticut, and at Crowder’s Mountain, 
North Carolina. 

The finer varieties of topaz are much valued as gems. The best crystals are brought 
from Minas Geraes in Brazil. The coarse varieties may be employed us a substitute 
for emery. 

TOPAZ ROCK, This name wns applied by Werner to a rock composed of quartz, 
tourmaline, lithoniarge, and topaz, forming a considerable voin in tho mica-slate of 
the Saxon Voigt laud. 

TOPAZOLITC, A name sometimes applied to yellow garnet. 

TORB&arXTB, or TORBAVB HXX.X. MIRERAX. Sec Coal (i. 1033). 

TORBERITE. Soo UwAXITE. 

TORMEVTZLLA. The roots of Tormentilfn erecta wero formerly used in 
medicine as Red torment ilia. They contain, in the fresh state, from 6 to 0 per cent, 
of a tannin, which, according to Stenhduse, forms a dark-green precipitate with ferrous 
sulphate, bluish-red with ferric acetate; it is also precipitated by gelatin and bytartur- 
i iuetic. It has boen proposed to substitute this root for that of rliatany for use in 
medicine, 

Tho leaves of the plant contain, according to Sprengcl, 63 per cent, water, 33 dry 
vegetable substance, and 4 ash. The ash contains, in 100 pts., 12 0 per cent, potash, 
3 0 h»kIu, 22 - 7 lime, 2'3 magnesia, 10*3 ferric oxide, 5*1 alumina, 41*4 silica, 2*0 sul- 
phuric anhydride?, 0*5 phosphoric anhydride, and 0*8 chlorine. 

TORPEDO. Tho electric orgun of tho Tu rpi do Galvanii has been examined by 
•Schulzo (Jithresb. 1859, p. 622). The aqueous extract contains a proportionally 
large quantity of urea and calcic phosphate, together with creatinine, syntonin, an 
organic body prccipitablo by tannin, ana several compounds prccipitable by chloride of 
zinc — some in tho crystalline, others in the syrupy form. Respecting tho electric pro- 
pert ies of tho torpedo, see Electricity (ii. 476). 

The name torpedo is likewise applied to explosive engines, which aro sunk in the 
water of harbours, and fired by electricity on tho approach of a hostile vessel. 

TORRELZTS. Syn. with Njobitb. 

TORRZOELLSAK VACUVMt The space above the mercury in a barometor- 
tulie, which is free from air, but contains vapour of mercury ; the tension of this 
vapour, however, is imperceptible at ordinary temperatures. 

TOmvOOUKA or TVXrirCjrarA OH.. Syn. with Carapa Oil (i. 749). 

TOtnbOUROV OIL. A brown train-oil obtained from Pagurm Latro , and used 
by the negroes of Senegal as a remedy for rheumatism. 

TOVRMALXIT B. Schorl. RubeUitc. Indicolite. Aphrieite. Aphrite . Zeuxite. 
— A well-marked group of rhombohedral double silicates, characterised geometrically 
and physically by hemimorphism and pyroelectricity, and chemically by the presence 

of boracic acid. The crystals usually exhibit the combination ooP2 . terminated 

by R and other rhombohedrons. The primary form may be assumed to be a rhom- 
bohedron R, having the principal axis equal to 0*4472, and the angle R t R ip the 
terminal edges « 133° Kf ; but the magnitude of the angle differs to a certain ex- 
tent in the several varieties. The crystals exhibit traces of cleavage parallel to R. 
They are brittle, with subconchoidal to uneven fracture. 

Hardness «• 7 to 7*5. Specific gravity - 2*94 to 3*3. Lustre vitreous. Colon r 
black, brown, blue, green, red, or white; some specimens are red internally, and 
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green externally; others red at one extremity, and green, bine, or black at the 
other. The crystals exhibit dichroism (iii. 670). Their streak is unooloured. 
They are transparent to opaque ; unlike in transparency across the prism, and in the 
line of the axis. Transparent tourmalines transmit light only when polarised in a 
plane perpendicular to their principal axis (iii. 605). The crystals are strongly pyro- 
electric (ii. 411). 

The numerous analyses which hare been made of tourmalines (for which see Ram- 
melsberg*B Mintralchcmie, pp. 673-A79 ; Dana’s Mineralogy , ii. 272), Bhow that 
these minerals contain, as protoxides, magnesia, ferrous oxide, manganous oxide, lime, 
lithia, potash, soda, and that the relative proportions of these bases, especially of the mag. 
nesia, ferrous and manganous oxides, vary within very wide limits : heuce Ram me Is- 
berg, to whom the greater number of these analyses are due, divides tourmalines into 
magnesium- tourmalin eg, magnesium-iron tourmalines, iron-tour- 
m&lines, iron-manganese tourmalines, and manganese-tourmalines; 
the last two varieties contain lithia, the others do not. The sesquioxides contained in 
tourmalines are alumina, and, according to most authorities, likewise ferric and man- 
ganic oxides; according to A. M itscherlich, however (J. pr. Chem. lxxxvi. 1), the 
iron and manganese in tourmalines are wholly in the state of protoxide. All tourma- 
lines likewise contain boric oxide or anhydrido, B 2 O s , which may be regarded as 
replacing part of the alumina. As the most general expression of the composition of 
tourmalines, Rammelsberg gives the formula : 

(2M 2 O.SiO a ) . w(R 2 0*;B*0*)Si0 a , 

M denoting a monatomic metal (2 at, of which may of course be replaced by M"), and 
It a triatomic metal. Most tourmalines contain also a small quantity of fluorine, 
which (as in topaz) may be regarded as replacing part of the oxygen. For the full 
discussion of the formula, see Rammelsberg ( loc . cit .). 

The following are examples of the composition of the several varieties of tourma- 
line above enumerated, according to analyses by Rammelsberg: — 

a. Magnesium-tourmaline, from Uouvern cur, St. Lawrence County, Now York : 
brown ; specific gravity » 3 049. — 5. Magnesium-iron to u rm a 1 i n e, from Texas, 
Lancaster County, Pennsylvania: very thin, dark-green, translucent; specific gravity 
rm 3*043. — c. Iron-tourmaline, from Sonnenberg, near Andrcasborg, in tho 
Harz: specific gravity *» 3*243 (the heaviest tourmalino). — d. Iron-manganese 
tourmaline, from Elba: green, often reddish or blackish at one end; specific gra- 
vity «* 3;112. — e. Manganese-tourmaline, from Paris, in the State of Maine: 
dark-red ; specific gravity = 3*0 1 9 : 



a. 

b. 

e. 

d. 

e. 

Fluorine . 

2*28 

2*36 

1*64 

235 

2*58 

Phosphoric anhydride . 

0*20 

0*12 

* • 

0*27 

Silica . , 

38*85 

38*46 

36*51 

38*19 

38*33 

Boric anhydride 

8*26 

8*48 

7*62 

7*39 

9*00 

Alumina . . 

81 32 

34*66 

32*92 

39 18 

43 15 

Manganic oxide 

, . 

• . 

. . 

4*74 

1*12 

Ferric oxide 

. 1*27 

3*31 

813 

3*14 


Ferrous oxide . 

, , 

0 09* 

9*62f 

? 


Magnesia . 

14*89 

9 11 

0*78 

1*00 

1*02 

Lime 

1*60 

0*71 

0*72 

0 84 


Soda 

1*28 

2*00 

1*36 

2*40 

2*60 

Lithia 

. „ 

. 

. 

0*74 

1*17 

Potash 

0*26 

0*73 

0*68 

0*34 

0*68 

Loss by ignition 

>19 

3 30 

2*31 

3*28 

3*61 


The colour of tourmalines varies according to their composition : red tourmalines 
(ruhcllite, siberite , daourite, apyrite ) are those which contain lithium and manganese, 
with little or no iron (manganese-tourmalines) ; the violet-blue and green varieties 
generally contain lithium, iron, and manganese (iron-manganese tourmalines) ; the 
black (schorl) are either iron- or magnesium-iron tourmalines ; the yellow and brown 
mostly magnesium-tourmalines. Hence the chemical characters of tourmalines vary 
to a considerable extent, according to their colour. 

Tourmalines not containing lithia, when heated before the blowpipe, form, with 
strong intumesence, and more easily in proportion as they contain more iron, white ^or 
yellowish masses, which afterwards melt to white, yellowish, or grey slags. Heated 
with fluor-spar and acid sulphate of potassium, they give — .like all other tourmalines — 
the reaction of boric acid. Magnesium-iron tourmalines yield, after swelling up, a 
white, grey, yellowish, greenish, or brown slag ; iron-tourmalines, after intumescence, 

Mangtnoua oxide. t Containing 0*11 manganous oxide* 
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brown or Mack aU#'; iron-mansaaeae tourmaline* (tho dark-coloured or bin*) melt 
before the blowpipe, with difficulty and alight intumescence, to grey or brownish slag*, 
and, when heated in a furnace, bake together to compact dark-brown masses. Green 
tourmalines, heated before the blowpipe, become white and opaque, melt on very thin 
edges to an enamel covered with small bubbles, and when heated in a crucible, form 
porcelain-like masses without fusing; only the grocn tourmaline of Brazil, and that of 
Chesterfield in Massachusetts, swell up before the blowpipe, and yield, partly a 
greyish-yellow slag, partly an unfused violet-green mass ; when strongly heated in a 
crucible, they form an opaque brownish slag. Manganese-tourmalines generally exfo- 
liate before the blowpipe, becoming white and' opaque, and, when heated in a crucible, 
sometimes sinter slightly together. 

At a strong red heat, all tourmalines lose several percent, of their weight* in conse- 
quence of the escape of silicic fluoride, and perhaps also of boric fluoride. It is only 
after having undergone this change that the pulverised tourmaline can be decomposed 
by hydrofluoric acid ; whereas this acid acts but slightly on the original tourmaline, 
and other acids still less or not at all. According to v. Koboll, pulverised tourmaline is 
imperfectly decomposed by sulphuric acid before fusion, almost completely after fusion. 

Tourmalines are usually found in granite, gneiss, or mica-shite; they also occur in 
dolomite or granular limestone, and in sandstone near dykes of igneous rocks. Large 
black tourmalines occur in Greenland ; at Horlberg, near Bodenmais, in Bavaria ; at 
Karingbricka, in Sweden, and near Bovey in Devonshire. Small brilliant crystals, 
occurring in decomposed felspar, at Andreasborg in tho Harz, constitute the variety 
called aphrite . Kubellite and green tourmalines occur near EkHthcrmonburg in 
Siberia ; pink crystals are found in Elba ; pale yellowish-brown crystals iu talc at 
Windseh-Kappell in Carinthia; green at Airolo, in Switzerland; white specimens 
{( ichroite ) come from St. Gothard, Siberia, and Elba. Black tourmalines occur with 
the emery of Naxos. Magnificent red and green tourmalines have been found at 
Tar is, in the State of Maine, some above an inch in diameter, transparent ruby-red 
within, surrounded by green or red at one extremity, and green at f iio other. (Bes- 
pecting other American localities, see Dana, ii. 274.) 

TOVftMAlINE, ABTIFICIAl. This name has born applied to sulphate of 
iodoquinine, on account of its optical properties. (See Quinine, p. 25.) 

TOintMAinrs-ROCZ. TOVEMALINB-BLATI, Tourmaline and 
quartz are found united in rocks like mica and quartz, and thus form tourmaline-rock 
and tourmaline-slate. The former is a crystallo-granular mixture, containing also 
crystals of felspar ; in the latter, tourmaline, varying in structure from acicular to gran- 
ular, occurs in alternate layers with granular quartz. These slates, by taking up mica, 
pass into mica-slate, or by taking up felspar into gneiss ; the mixture called tourma- 
line-rock passes, in like manner, into tourmaline-granite. (Handw. d. Chom. viii. 1046.) 

TOWAVZTB. Syn. with Copper-pyrites (ii. 77). 

TRACHTBOLBRITBi This name is applied to certain rocks, resembling both 
trachyte and dolerite in external appearance, and consisting of oligoclaseor Jabradorite 
and amphibqle or augite, with more or less magnotic iron-ore. The mixture is fine- 
grained, and usually forms a grey or brown mass, in which small crystals of the 
above-named minerals are imbedded. Specific gravity®* 2*7 to 2‘8. The proportion 
of silica in the rock i* from 50 to 60 per cent. On the trociiy dolerite of the fiieben- 
gt-birge, see De iters (Inaugural dissertation ; l)e ronnexu inter tr achy ten et baealtm , 
dc., Bonnie. 1861; Jahresb. 1861, p. 1069); on that of Madeira and Porto Santo, 
Cochi us (J. pr. Chem. xciii. 129; Jahresb. 1864, p. 872). 

TRAOHTTB. A telepathic rock, haring a rough surface of fracture, and usually 
consisting of a fine-grained or compact ground mass of sumdin, oligoclase, albite, or 
labradorite, or two of these minerals together, enclosing crystals or crystalline particle* 
of these felspars, also of amphihole or augite, and dark-coloured mica. When tho fcl- 
spathic ground-mass is decomposed, the rock becomes an indurated day, and is then 
sometimes called domite; such an altered trachyte occurs on the Puy-de-Ddme, 
Nodules of trachyte, bound together by a trachytic cement, form trachy te-conglo- 
merateor trachyte-breccia. Trachyte-porphyries are trachy tes in which tho 
ground-mass is more or less compact, and the imbedded crystals of sanidin are more 
distinct than in ordinary trachyte; the rock also frequently contains brown or black 
crystals of mica, and sometimes small crystals or grains of quartz. On the trachyte* of 
the Engenesian Mountains, near Padua, see G. v. Bath (Jahresb. 1865, p. 916); on 
those of Auvergne, Kossmann {ibid. 918). 
ntmcAVTI. See Gtrx (ii. 965). 

MtAOQfOOQg. The goot‘s-beard, Tragopogon pratentii, ft composite plant ol 



the suborder &ebrwwt, contains; ^ 

363), m 100 p fo. of the fresh phint, T9-0 water, 194 orgtSic subeu^t ?^^ 
*Jh e ash free from carbonic acid contains, in 100 pts, : * a 


>M ®5 


K*0. 

246 


m*0. CaO. 
24 33 9 


M?0. AI*0*. Fe*CP. Mn*0*. 810*. SO » pin* 

7*4 I '4 0‘3 02 39 8 6 9 8* ri 


TAASrSPlX^ Tiorr. A term, applied by Graham to the passage of gases and 
liquids through capillary tubas. (See Gases, ii. 820 ; and Liquids, iii. 722.) 

TBAVSVnATZOir. A physiological term, denoting the passage of liquids from 
the bloodvessels, without laceration or perforation, into closed or open cavities of the 
body, into the parenchyma of the organs, or sometimes on to the surface of the body. 
(See Ssbous Fluids, p. 235.) 

TftAP. A geological term, which was applied to melaphyro, basalt, dolerite, 
diabase, gabbro, &c., and generally to more or less compact, dark-coloured, eruptive 
rocks, before the several species were distinguished according to their constituents. 
Tray-porphyry is an old name for the so-called greenstone-porphyries, melaphyres, and 
phonolites. 

TRAP A. The mineral constituents of this water-plant and of the water of a pond 
near Niirnberg.in which it grows, have boon examined by Glorup-B esanez (Ann. 
Ch. Pharm. cxviii. 220 ; Jahresb. 1861, p. 751). — A is the composition of tho ash of 
the plant gathered in June (stem-leaves, radical leaves, and roots) ; B, that of the 
plant gathered in May ; C that of the fruit (the whole in percentages, after deduction 
of charcoal and sand) ; D, the composition, in 100 pts., of the ignited water- residue 
(amounting to 0*8044 pt. in 10,000 pts. of water) : 


Ash 

per cent. 

SiO«. 

Fe*0 3 

Mn*0\ 

CaO. 

MgO. 

K a O. 

Na 2 0. 

Cl. 

SO 3 . 

A. 

15*92 

27*34 

23*40 

14*70 

17*65 

6*15 

6*00 

2*71 

0*46 

2*63 

B. 

29*46 

28*66 

29*62 

7*57 

14*91 

756 

6*89 

1*41 

0 65 

273 

C. 

- 7*75 

4*84 

68*60 

0*63 

9*77 

0*91 

1*26 

0*62 

0-41 

3-92 

D. 


1*90 

1*11 

0*15 

42*24 

18*08 

9*07 

9-21 

1*18 

17*03 


From the considerable proportion of iron- and manganese -oxides in the ash of the 
plant, and from the different proportions of the soveral constituents in tho plant-ash 
and in tho water, Gorup-Besanez concludes that water-plants possess the power of 
selecting the constituents of tho nutritive matters presented to them. 

TRASS. A volcanic mass resembling pumice, and containing silicates deeompos- 
iblo by slaked lime, so that it is available for the preparation of cements. (See Sili- 
cates of Calcium, p. 251.) 

TRAVBR8SLLITB. A name applied by Scheerer (Pogg. Ann. xciii. 109) 
to certain pseudotnorphs of hornblende after augite (regarded by him as paramorplis, 
iv. 350), occurring at Traversella in Piedmont. These pseudomorphs arc remarkable 
for retaining tho form of the augite crystals, while the substance, in consequence of 
the transformation, has acquired a fibro-crystalline structure, so that the augitic 
crystals are made up of parallel fibres. 

TRJBVRRTXXTO. Calcareous tufa, occurring at Tivoli, Viterbo, Ascoli, and other 
places in Central Italy. 

TRSBARAv or TBZOA1A. A substance imported from Persia, and consisting 
of the hollow cocoons of a coleopterous insect ( Larinus viacuiatus). The larva of this 
insect eats the branches of Echinops persica, for the sake of the sugar, starch, and gum 
contained in them, and afterwards voids these substances to form its cocoon. The 
organic portion of trehala consists, according to Guibourt(J. Pharm. [3], xxxiv. 81; 
Jahresb. 1858, p. 485), of 6G 5 per cent, starch, 4*6 sparingly soluble gum, 28*9 sugar, 
and bitter principle. The sugar, called trehalose, appears to be identical with the 
mycose of ergo t-of -rye (iii. 1698). The starch differs from that of the potato, being 
more like that of sago, or still more like the insoluble portion of gum -tragacanth. 
Trehala yields 4*6 per cent, ash, of which 3 pts. are soluble in water, and consist of 
alkaline carbonates, sulphates, and chlorides, with small quantities of phosphate ; 1*4 
pts. insoluble, consisting chiefly of calcic carbonate with a little ferric phosphate ; and 
0*2 sand. Trehala has a sweetish taste, swells up in water, and is converted into a 
thick mucilaginous paste. 

TBBHAL08B. See Mycose (iii. 1063).. 

T8BM11L5. A genus of gelatinous algae. Tr. mesentcrica was found by Braudes 
to contain, in the dry state, 84 pts. of a substance which swelled up in water, and 
6 pts. of a peculiar crystuili sable resinous body, called tremellin, but not further 



TBEMENHEERITE?— TRICARBALLTLIC ACID. 879 

Irtstigrted- 2WSM* oontaiM, in th« frwh state, 97 per emit, water and 2-4 dry • 
jubstance; the ash co nsists mainly of potassium-salts. (Braconnot,) 

yjtfMiyH BBRl T l» A name given by Piddington to a black, scaly, metallically 
lustrous mineral, probably an impure graphite, containing 86*7 per cent, carbon, 
•©gather with earthy matters, sulphide of iron, and water. (Dana, if. 30.) 

yyyuroniTl!. A subspecies of hornblende (iii, 169). 

TXX. In this Dictionary the syllable tri, prefixed to the name of a radicle occurring 
iu uny compound, denotes that the compound in question contains three atoms of that 
radiclo : e. y., trichloride of bismuth =* BiCl*; trioxide of antimony, Sb'O 1 ; trisodic 
phosphate, Na*PO* ; triethylamine, (C 2 H A )*N, &c. The prefix Ur is often used in the 
same sense. (See Nomenclative, iv. 126, 127.) 

Individual tri-compounds are, for the most part, described under the several general 
headings : e. g., iricldoride of bismuth undor Bismuth, Chlorides of ; trisodic phos- 
phate under Phosphates of Sodium ; triethylamine undor Ethylaminks, &c. 

TftXA&&TL-8iriP8XOBXBB, (C 9 H a ) 9 SI. Triallylmtfin fatter.—' This com- 
pound is obtained by heating allylic sulphide with methyl ic iodide in prismatic crystals, 
Boluble in water, and forming an alkaline liquid with silver-oxide. (Cahours, 
Jaliresb. 1805, p. 476.) 

TXXaWXX-OLTCXBXN, C ,B H M 0 # * O a , appears to bo produced 

by heating 1 vol. acrolein, 3 vols. amylie alcohol, and 0*5 vol. acetic acid, to 110° for 
twelve hours. It is decomposed by distillation. (Alsberg, Jahrosb. 1864, p. 496.) 

TSZAKYXISENE. See Trioxamylamine. 

TRXANOBPBRMA. In the root of Trianosperma feifolia, n climbing cueurbi- 
taccous plant, indigenous in Brazil, Peckholt (Arch. Phurm. [2], cxiii. 104) found 
a drastic bitter principle (toguyin), a small quantity of a body slightly soluble in alco- 
hol and water, insoluble in ether, and cry stalli sing in pointed need leu ( trianosprrmin ), 
and another ( trianospermitin ), crystallising in white grains, soluble in other, but 
insoluble in alcohol and in water, besides several rosins. 

TEXCALA. Syn. with Thkuala (p. 878). 

TRICAPROirXXJI.lU[X7rZ3. See Tricenanthytamine. 

TRICAHBALLYLIC ACID. C a H H O a = j 0\ Maxwell Simp- 

son, l’roc. Boy. Soc. xii. 236; xiv. 77; Chem. Soc. J. xviii. 331. — Wieholhaus, 
Ann. Ch. Pharm. cxxxii. 60. — lllasiwotz, Zeitschr. Ch. Pharm. 1864, p. 734; 
Jab resh. 1864, p. 305.)— A tribasic acid, forniorly called carhallylic acid, discovered 
by Maxwell Simpson, who obtained it by the action of potash upon ullylic tricyanide : 

C s H a (CN) a + 3KHO + 31PO - OIPK^O" t- 3NH*. 

Dessaignes (Compt. rend. lv. 610), by treating oconilic acid with sodium-amalgam, 
obtained a peculiar acid, which, however, he did not succeed in preparing in the pure 
state ; and this acid has been shown by Wichitlhana to 1 © identical with tricarballylic 
acid. Lastly, Hlasiwetz has obtained the same acid by the action of sodium -amalgam 
on aeon i tic ether. 

Prtparation, — 1. Prom Allylic tri cyanide. — 1 at. allylic tribromido and 3 at, 
pure potassium cyanide are heated to 100° in a closed flask for sixteen hours with a 
large quantity of alcohol, and the decanted alcoholic solution is boilod with potassium- 
hydrate as long as ammonia is evolved. The alcohol is then distilled off; the 
remaining potassium-salt decomposed by nitric acid ; the dried mass exhausted with 
alcohol ; and the acid remaining after evapo ration of the alcohol, first converted into 
an ammonium-salt, then into the less soluble silver-salt. By decomposing the latter 
with sulphydric acid, the tricarballylic acid is obtained pure (Simpson). — 2. Prom 
Aconi tic acid. — The sodium-salt obtained by the action of sodium-amalgam on 
aconitic acid is precipitated with acetate of lead ; the washed precipitate is decom- 
posed with sulphydric acid ; the acid thereby liberated, is repeatedly crystallised, and 
then converted into a silver-salt, to free it from obst inately adhering resinous substance, 
and this salt is decomposed by sulphydric acid (Wichelhaus). — When ethylic aconi- 
tate is mixed with a quantity of sodium- amalgam (containing 0'8 per cent, sodium); 
sufficient to form a thick unctuous mass, the mixture being cooled from time to time, 
and this mass is treated with ether, the ethereal solution boiled with potash, then 
neutralised and precipitated with acetate of lead, a lead-salt is obtained, which, when 
decomposed by sulphydric acid, yields tricarballylic acid. (H la si wets.) 

Properties. —Tricarballylic acid forms colourless crystals, which (according to 
Mil Ws determination) are tiimetrie, and exhibit the combination oopao . ooP , JPoo’ 

. <*#2. 2?2. Angle ocPoo : ^Poo ~ 113° 34'; : jJPco - 131° 62 '; c*Foo 
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: ®P - 134*0* ; ®P : ®P - 92° O'; - 1520 88*; *£« : 2 fc 
- 142° 10*; ®P : 2?2 - 147° 37*; ®?2 : 2P2 153° 1*. The oystale cl«4 

perfectly parallel to ooPao . The acid is easily soluble in water and in alcohol, spar, 
ugly soluble in ether, and has an agreeably acid taste. It resembles succinic acidic 
not being decomposed by nitric acid, and in forming, after neutralisation, a red-brown 
precipitate with ferric chloride ; but it is distinguished from that acid by melting st 
158°, and decomposing at a higher temperature, (Simpson.) 

Tricarbally lates.— »-The neutralised solution of the acid gives precipitates with 
the chlorides of barium and calcium only after addition of alcohol, — The barium-salt, 

C 1, H w Ba , 0 13 .6H 2 0, gives up its water at 130° (Hlasiwetz). — The calcium-salt, 

C”H' , 6a , 0 , *.4H s 0 1 is a white, amorphous, slightly soluble powder. — The cupric salt, 

C^H^C^O'^is a bluish-green, the lead-salt, C 12 H‘°Pb 3 0 12 , a white precipitate. The 
aqueous solution of the acid, boiled with recently .precipitated mercuric oxide , yields a 
filtrate, which on evaporation deposits white crystals, having a silvery lustre. — The 
silver-salt contains C 8 H 4 Ag , O a . — The sodium-salts of tricarballylic acid are easily solu- 
ble, and difficult to crystallise. — The disodic salt has probably the composition 
C“H a Na*0 fl .2H 2 0. (Simpson.) 

TMCABBAILTXXC BTBXS8. The ethylic ether, ^5p)!|o*. u formed hj 

passing hydrochloric acid gas into a solution of tricarballylic acid in absolute alcohol, 
and distilling the product., after freeing it from excess of alcohol. It is a colourless 
liquid, boiling between 295° and 305°, slightly soluble in water, and having a sharp 
taste. (Simpson.) 

The amylic ether, prepared in like manner, is a heavy oily liquid, 

having a sharp taste, and a very high boiling-point. (Simpson.) 

(C-H*OT) 

Glycerin-tricarballylio acid , (C 3 H 4 )"' > O* ?, is formed by heating tricarballylic acid 

S 


with twice its weight of glycerin to 200° for several hours. On neutralising the pro- 
duct with baryta, and treating the salt left on evaporation with absolute alcohol, to 
remove the excess of glycerin, a barium-salt is obtained, which appears to have the 
(C-IPOT') 

composition (C 3 H“y* |0\ (Simpson.) 


TUCBALOITB. Cu i Aa 2 0 8 .5H 3 0. — A cupric arsenate, allied to tyrolito, occur- 
ring in stellate groups and dendritic crusts on fahl-ore at an unnamed locality in 
Siberia. 

It has a verdigris-green colour and silky lustre ; hardness — 2. When heated in 
a tube, it deeremtatos very strongly, gives off a large quantity of water, and becomes 
dark -brown. . The dehydrated mineral melts to a bead on charcoal, in the outer blow- 
pipe-flame ; in the inner flame it gives off arsenic vapours, and is reduced to granules 
of copper. It dissolves easily and completely in hydrochloric and in nitric acid, 
without evolution of gas. (R. Hermann, J. pr. Chem. lxxiii. 212.) 

TR1CBOVTKZT1. Syn. with Capillary Pyrites or Native Sulphide or Nickel 
(iv. 42). 

YRXC&ASSTB. Syn, with Fahlunite (ii. 615), 

TRXSACZT7M. Syn. with Thridacium (p. 788). 

TRZnECYL, BTDR19B OB 1 , C^H* « C ,a H”. H. Hydride of Cocinyl.—A 
hydrocarbon of the marsh-gas series, occurring in American petroleum. It boils at 
216° — 2 1 8°, has a strong turpentine-like odour, burns with a very smoky flame, and is 
converted by chlorine into chloride of tridecyl, C^H’^Cl. (Pelouze and Cahours, 
Jahresb. 1863, p. 530.) 

TBiaTHYLOLYCBBXXr, or TBIBTBYLZV. c*h*o* - raj; jo*. - 

This compound, which Reboul and Lourcen£o obtained by treating aiethyl-chlorhjp* 
drin with sodium-ethylate (ii. 884), is likewise produced by heating 1 vol. acrolein, 
1 vol. alcohol, and 0*6 vol. acetic acid to 100° ; also, in small quantity, by gently heating 
a mixture of acrolein and alcohol saturated with sulphurous acid gas ; but in this eats 
brown resinous products are likewise formed. 

Triethylin is a liquid having a pleasant ethereal odour, somewhat soluble in water, 
boiling at 186°, and of specific gravity 0-8955 at 15°. (Alsberg, Jahresb; 1865 , p- 
495.) 
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yBUVJKT&iV&f8Zm See the next article. 

TBXSTBTLSVLPZnniOtra COWFOUNDS. (X. v. Oeffele, Chem, Soo. 
J xrii. 106; Ann. Ch. Pharm. cxxxii. 82; Jahresb. 1864, p. 478.— C a hours, Ann, 
Ch- Pharm. exxxv. 362; cxxxvi. 151; Jahresb. 1866, p. 476.— Dehn, Ann. Oh. 
Pharm. Suppl. iv. 83 ; Jahresb. 1865, p. 479.) — Ethylic monosulphide, (0*11 9 ) 2 S, and 
ethylic iodide, when heated together, unite and form trie* hylic su 1 ph iodide, 
( C J H 4 )*SI ; this compound, decomposed by moist oxide of silver, yields the corresponding 
hj'droxylate, (C'H 4 )*S(HO) ; and from this, which is a strong baso, the correspond- 
ing chloride, sulphate, nitrate, &c., may be prepared in the usual way. (v. Oeffele.) 

Bromide and chloride of ethyl unite, in like manner, with ethylic sulphide, but less 
readily than the iodide. (Culiours.) 

Triethylic sulphiodide is also produced by the action of ethylic iodide on ethylic 
sulphydrate (mercaptan), or of hydriodic acid on ethylic sulphide (C a hours), thus: 

C*H*H.S + 2C*H*I - (C*H 4 )*SI + HI. 

2(C*H‘) 2 S + HI «* (C 2 H 4 ) S SI + OTIUI.S. 

Triethylic sulphobromido is further produced, together with other sulphobromidei 
of ethyl and ethylene, by heating ethylic sulphide with stliy Ionic bromide and water, 
the reaction taking place by several stages, as follows : 


(C 2 H 9 )*S + 

Ethylic 

sulphide. 

C 2 H 4 S + 

Ethylenic 

sulphide. 


(CTO’S + 

Ethylfc 

sulphide. 


(C*H s ) a S + 


Ethylic 
tde. 


Ethyl 

sulphi 


C*H*Br* - 

Ethylenic 

bromide. 

(C*H 4 )S 4 * 2 CWBr. 

Ethylenic Ethylic 

sulphide. bromide. 

C 2 H«Br 2 = 

Ethylenic 

bromide. 

(C 2 H«)*SBr*. 

Ethylenic 

sulphodlbro- 

mlde. 

C 2 H*Br - 

Ethylic 

bromide. 

(C 2 H a ) , SBr. 

Triethylic 
■ulp ho bro- 
mide. 

C*WBr* = 

Etliyle*iic 

bromide. 

(C 2 H 4 )(C*H a )*SBA 

Ethylene-diet hylic 
sulphodibromlde. 


The mode of separating these products will be described further on. 

The constitutions of those triethylic sulphur-compounds may be represented in three 
different ways. The iodide, for example, may be rogarded : 

a. As triethylic eulphiodido, (CMI 4 ) 1 j. 


0. As iodide of triethylsulphine, (C 2 H S ) 3 S"'.I. 

7 . As sulphurous triethiodidc, S*' j v j ' . 

In the first of these formulae the sulphur is di equivalent, in the second triequiva- 
lcnt, and in the third tetraequivalent, as in sulphurous acid, ^ 2 |o*. The last is, 

perhaps, the most probable view of the constitution of these bodies. 

In the ethylenic snlphodibromide, obtained by Dehn, in the manner above men- 
tioned, the sulphur may, in like manner, be regarded as hexcquivalent, as in sulphuric 
acid; thus: 

( (C 2 H 4 )" 

(C*H 4 )*SBr* « Sulphuric Dietbylene-dibromide, S ?1 j(<^H 4 )". 

5 (c it t 

(C f H 4 )(C*H*) ? SBi* » Sulphuric Ethylene-diethyldibromide, S r, ‘\(C*H*)*. 

v Br* 


Sulphurous Bromo trie t hide, S(C l H l ) , Br. — This compound is produced, as 
above stated, by heating 1 at. ethylic sulphide with 1 at. ethylic bromide, to 130° — 
1 40°, for eight or ten hours. It crystal Uses in colourless rhombic noodles, is ex- 
tremely soluble in water, sparingly soluble in alcohol, insoluble in ether, ((labours; 
Halm.) 

Sulphurous Chlorotrietkide, 8^C*H , ) , C1. — Ethylic chloride heated to 100° 
for sixty hours with ethylic sulphide yields only traces of this compound (C a hours). 
Dehn prepares it from the mix ture of products obtained by heating ethylic sulphide 
with ethylenic bromide (supra) as follows:— The watery portion of the product, 
containing sulphurous tgomotnethide, sulphuric dibromo-dietbylemde, and sulphuric 
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*4i&romo-etfrylene-diethide, is separated front the oily layer (containing diethylenie 
Sulphide), and evaporated ; the residue is redissolved in water ; the filtrate digested 
with recently- precipitated silver-oxide, and a small quantity of silver-sulphide ; and 
the liquid (freed from silver and sulphuric acid) is supersaturated with hydrochloric 
acid, concentrated, and fractionally precipitated with platinic chloride. The first 
scanty precipitates thereby obtained consist of the chloroplatinates of sulphuric di- 
cbloro-diethylenide, S(OH')'CP.rtClS and sulphurous dichloro-ethylrno-diethide, 
S(C a H 4 XC*H s )*Cl 2 .PtCl 4 ; finally, the ehloroplatinate of sulphurous chlorotricthide 
crystallises out ; and this salt, decomposed by sulphydric acid, yields sulphurous 
chiorotriethide. 

# Sulphurous chiorotriethide volatilises with vapour of water, deliquesces in moist 
air, is insoluble in other, very slightly soluble in alcohol, and crystallises from a 
syrupy aqueous solution in white needles. It unites with metallic chlorides. — The 
chloromer curate , S(C 2 H fl )*C1.4lTgCl t , crystallises in needles or laminae, which dissolve 
in 65*8 pts. water at 20° (or in 8 pts. at 80°), melt and partially sublime at a tempe- 
rature a little above 100°. — The chlorostannate is a very soluble salt, crystallising in 
needles. (Dehn.) 

The ehloroplatinate , 2S(C 2 H 5 ) a Cl.PtCl*, prepared as above, crystallises from a hot 
saturated solution in small light red needles, and by slow cooling of a warm non -satu- 
rated solution in garnet-rod, well-developed crystals, which (according to A. Knop’s 
determination] are monoclinic, and usually exhibit the combination ooP . oP . ooPoo . 
+ Poo, the last two faces being subowl mate, and sometimes wanting, whereby tha 
crystals acquire a rhombohcdral character. Ratio of axes, a : h : c «= 0*6745 : 1 : 
1*1068. Anglo h : c — 55° 6'; ooP : ooP (clinod.) = 78° 62'; ooP : oP =* 68° 
40' and 111° 20'; oP : +Poo . = 152° O'; ooP : ocPoo = 129° 36'. The crystals 
melt, at about 170°, dissolve in 30 pts. water at 20°, in 3 to 4 pts. at 100°, arc nearly 
insoluble in alcohol, and quito insoluble in other. (Dehn.) 

Sulphurous Hydraxyltricthide , S lT j( C -^p*, or Hydrate of Tricthyhulphine , 

(CTI 6 ) 3 S.IIO, prepared by agitating or boiling the iodide with recently-precipitated 
silver-oxide, forms a strongly alkaline solution, which quickly absorbs carbonic acid, 
precipitates metallic salts like hydrate of potassium, and dries up over oil of vitriol to 
a crystalline, extremely deliquescent mass (v. OoffoTo). According to Dehn, it dis- 
solves the skin liko caustic potash, eliminates ammonia from its salts when warmed 
with them, emitting at tho same timo a slight odour of ethylic sulphide : forms a 
green precipitate with cupric sulphate, black at tho boiling beat ; white with zine-sul- 
plinte and lead-acetate, the precipitate in either case being insoluble in excess ; with 
alum, &e. it forms a gelatinous precipitate, easily soluble in excess. 

Sulphurous lodotr icthide , S(C a H # ) , I > ia prepared by heating equivalent quan- 
tities of ethylic sulphide and iodide to 105° — 110° ; or 1 at. mercaptan, 2 at. ethylic 
iodide, and 1 at. absolute alcohol to 140°. It separates from alcoholic solution in 
small crystals, belonging to the trimetric system, and exhibiting the combination 
ooPoo . Poo . Poo . ooP, often tabular from predominance of ooPoo, and wilh the faces 
Poo generally occurring hemihedrally. The salt dissolves easily in water and in hot 
alcohol, but is nearly insoluble in ether ; when heated above 100°, it melts, and decom- 
poses into ethylic sulphide and iodide, without separation of iodine. — When tho ether- 
alcoholic mother-liquor remaining in the preparation of the iodide, and containing a 
large quantify of free iodine, is shaken up with mercury, the compound S(C H 4 ) J I.HgI* 
is formed, and crystallises from alcohol in light-yellow needles or lamina* sparimrlv 
soluble in water. (Dehn.) 

Sulphurous Nitratotriethide, SI" j °^q/, or Nitrate of Trkthylsulphine, 

(C , H*) , .SNO>, obtained by treating the hydrate with nitric acid, forme deliquescent 
needles, uniting in radiate lamin® ; it combines with nitrate of silver, forming the 
scaly double salt, S( C*H*)*(N O") . AgN O a , sparingly soluble in cold water and in 
alcohol. 

Sulphurous Swlphatotriethide % S* j or of Trieihylsvlphinc, 

jXC*H*)"S] # .SO\ obtained by decomposing the chloride with silver-sulphate, forms 
indistinct crystalline aggregates, easily soluble in water, sparingly in alcohol. 

Acetate. — When sulphurous bromotriethide is decomposed with acetate of lead, and ' 
the filtrate freed from lead by sulphydric acid, crystalline crusts are formed, which 
separate from alcohol covered with a layer of ether, in large crystals containing bro- 
mine — perhaps a compound of sulphurous bromotriethide with sulphurous acetotriet hide ; 
and by completely removing the bromine with acetate of silver, the acetotriethide, 
or acetate of triethyls ulphine, (C a H s )*S(C , H*0*), is obtained as a gummy mass. 
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slightly soluble in absolute alcohol, and precipitated therefrom in flocks by*fthcft 
(Dehn.) * 

Sulphurous lodomethodielhids and lodo-amyldUihide are obtained, like sulphurs**# 
iodotnethidc, by heating ethylic sulphide with methylic ox amylic iodide. The former, 
treated with silver-oxide, yields a deliquescent hydrate ; and from this a platinum-salt 
may be obtained, crystallising in needles, and containing 2CH*(C a H*) a SCl.PtCi l . 
(Cahours ; Dehn.) 

X M TH YL -TItirTLFHYCITl. See TbitylpiIycite (p. 896.) 
nUTOLZVM. The ash of three species of this genus, used as fodder for cattle— 
viz., TV. pratense, common clover (I.), TV. pratense perenne (II.), and TV. medium (III.) — 
has been analysed by Way and Ogston (Roy. Agr. Soc. J. xi. [2], 536 ,* JaUresb. I860, x 
p, 668), with the following results : z rr riTf 

Water, in 100 pts. of air-dried substance . . .81 0 810 78*6 

Ash per cent, in dry substance .... 9*66 8*46 7‘97 

Sulphur per cent, in dry substance .... 0*27 0*10 0*20 



K 2 0. 

Na*0. 

c«o. 

Composition of the Ash in 
MgO. Fe*OS. SO* 

100 pts. 

SIO*. CO*. 

pao*. 

Cl. NaCI. 

I. 

36 4 

, , 

226 

4*1 0*2 18 

0*6 

23*5 

67 

2*4 16 

IT. 

221 

2-8 

266 

10*2 0*3 2*1 

1*1 

22-7 

8*6 

. . 3*4 

III. 

34*7 

. . 

245 

4*6 0*2 1*1 

0*6 

26*6 

6*4 

0*8 2*6 


Way (Roy. Agr. Soc. J. xiv. [1], 171), has also determined the percentage composi- 
tion of the following species : 


TV. pratense 


Water. 

. 81*0 

Albu- 

min. 

4*3 

Fat. 

0*69 

Sugar. 

8*4 

Caltu- 

liue, 

3*7 

Tr. pratense perenne . 


. 81*0 

3*6 

0*78 

8*0 

4*9 

TV. incamatum . 


. 82*1 

2*9 

0*67 

6*7 

6*8 

TV. medium 


. 741 

6*3 

0*92 

9*4 

8*2 

TV. procumbens . 


. 83*5 

3*4 

0*77 

7*2 

3*7 

Tr. ripens . 

• 

. 79 7 

3*8 

0*89 

81 

6*4 


Volckcr (Scott. Agr. Soc. J., July 1B53), gives the following composition: -No. I. 
for TV. pratense (red clover); No. II. for TV. repens (white clover); No. III. for Tr.hy* 
hridum (A Is ike clover) : 

Water .... 

Nitrogenous substance 
Non-nitrogenous substance 
AbIi . 


X. 

xi. 

HI. 

. 80*6 

83*0 

76*7 

. 3*6 

4*5 

4*8 

. 13*8 

10*2 

16*4 

. 20 

1*6 

2*0 


100 pts. of the dry seed of Tr. pratense give 4 68 pts. ash, of 'which 1*21 is soluble in 
water, 3*19 soluble in hydrochloric acid, and 0’28 consists of silica; 14*5 grins, of the 
air-dried plant of TV. pratense grown in Band yielded 0 90 grm. ash, and the same 
quantity of the plant grown in artificial soil yielded 1*6 grm. ash, containing roapec- 


tively : 

Soluble in water . . . 

In land. 

. 0*62 

In artificial 
■oil. 
0*00 


Soluble in hydrochloric acid . 

. 0*86 

0*94 


Silica ..... 

. 0*09 

0*08 



0*90 

1*68 


TUOBVZO AOID. C 4 II T N , 0* — (CN)*O.OTH(NH 4 )0. (Wohler and Lie- 
big, Ann. Ch. Fhann. lix. 296.) — This acid, containing the elements of cyanic anhy- 
dride and aldehyde-ammonia, is obtained, together with other products, by passing the 
vapour of cyanic acid over aldehydo. The action is violent, and therefore, to avoid 
projection, only a few grammes of aldehyde should be used, and the vessel knot cool 
with ice. The mass soon enters into ebullition, giving off carbonic anhydride, and 
concretes into a thick substance, like calcined borax ; frequently also a syrupy mass is 
obtained, in which crystalline crusts gradually form. This product contains trigen ic 
acid, cyamelide, aldehyde-ammonia, and perhaps other accidental products. On dis- 
solving it in moderately strong hydrochloric acid, boiling the solution os long as 
vapours of aldehyde continue to go off, and then Altering, the trigenie acid ervstauises 
out on cooling; if yellow, it must be decolorised with animal charcoal* Its formation 
may be represented by the equation : 

C*H«b + 3CNHO - C*H*N*0* + CO*. 

Aldafcfd*. Caanlc Trlgmlc 

acid. ftriil. 


3 L 2 



^S ^^ ^ RI GLOOHIN^-TRIHEPTYLIDEyE-DrROSANILiyE. 

Trigenic acid crystallises in small prisms, slightly soluble in water, nearly insolu- 
ble in alcohol- When subjected to dry distillation, it melts and carbonises, giving off 
alkaline 'Vapours, which hare the odour of chinoline, and appear to consist of that alka- 
loid ; cyanic acid is also produced. 

Trigenic acid is not precipitated by nitrate of silver unless ammonia is also added, 
m which case trigmiate of silver, C € H*AgN*0 9 , is precipitated in the form of a powder, 
appearing- under the microscope to consist of crystalline spherules; when exposed to 
light, it. acquires a violet tint. It dissolves in boiling water, and is deposited in 
th«r pulverulent state on cooling. Between 120° and 130° it gives off water, and 
becomes light-brown ; and at 160° it melts, turning black, and giving off a thick 
vapour having the odour of chinoline. 

T&XG&OOHXSr. Arrow-grass , — A genus of plants belonging to the juncaginaceous 
order. Tr, mwritimum, contains, according to Sprengel (J. techn. Chem. v. 293; vi. 
92), in 100 pts : 76-0 water, 20*7 organic substance, and 2*24 ash (L). Tr, palustre 
contains 75*0 percent, water, 22*7 organic substance, and 2*12 ash (II.). The ashesof 
these two plants contain, in 100 pts. : 



K*0. 

Nh«0. 

CaO. 

MgO. 

Al*0*. 

Fo2(>3. 

Mn*0\ 

SI 02. 

Cl. 

P*o*. 

803. 

I. 

17*7 

22*3 

10*0 

2*2 

0*2 

1-7 

. . 

4*4 

3*28 

4*9 

3*8 

II. 

13*7 

20*7 

14*6 

3*9 

0*2 

0*4 

1*5 

61 

13*0 

0*6 

26*1 


The root of Tr. maritirnum is said to yiq^l a largo quantity of starch. 


TIUOLTCOL1AMZC ACID. See Gi/tcotxamtc Acids (ii. 905). 

Tff fHBP TTXiAaillfE. (C : H 13 )*N. — T ri&nawthylam i n e. (Petersen and 

Grossmann, Ann. Ch. Phurm. ci. 310; cii. 312 ; Jahresb. 1857, p. 388. — Petersen, 
Ann. Oh. Pharm. cxxxii. 158; Jahresb. 1865, p. 420.') — This base, originally regarded 
ns trihexylamine (tricapronylamine), is produced by heating sulphite of ccnanthyl- 
ammonium. with three times its weight of a mixture of quicklime and slaked lime : 
3(C , H l *)(NII')SO s + 3CaO = (C 7 II ,# )’N + 2NH* + SCaSO 4 . 

It is also formed by heating mnanthyl-ammonium-sulphite by itself to 260° — 270° in 
a sealed tube. When purified by boiling with sodic carbonate, washing with water, 
and rectifying in a stream of hydrogen, it forms a liquid, pale-yellow by transmitted, 
greenish-yellow by reflected light, and strongly efflorescent ; it has an alkaline reac- 
tion, a peculiar aromatic odour, and an alkaline aromatic taste, producing afterwards 
a scratching sensation in the throat. It is lighter than water, and nearly insoluble 
theroin, easily soluble in alcohol and in ether. It precipitates alumina and ferric oxide 
from their salts, and redissolves thorn in excess; does not decompose ammonia-salts. 

The base turns brown on exposuro to the air; its salts are all deliquescent, easily 
alterable, and form oily drops or syrupy masses. — The chloroplatinate , 2C 2, H 43 NC1. 
PtCl\ separates from alcoholic solution, by evaporation in a vacuum, in yellow shining 


scales. 

The base, loft in contact for several weeks with cthylic iodide, or heAted with it to 
100° for 24 to 48 hours, forms a rod oily mass, consisting ofiiodido of triheptyl- ethyl- 
ammonium, (C 7 H ,4 )XC-H*)NI. 

“ (C’H 14 )**" “ 


TXXBBPTTXiZBBirS-DIftOSASrXLZNB. C*' H’*N« 


(C*H 4 ) 2 ) 

((PH*) 4 IIS' - . — Triton a nthylidenc-di rosa niline. (II. Schiff, Compt. rend. lxi. 45; 
(C’lP 4 )* ) 

Jahresb. 1865, p. 420.) — Produced as an acetate, by the action of cenanthol on crystal- 
lised acetate of rosaniline at ordinary temperatures, and separated by potash, from the 
blue alccholic solution of that salt, in red crystalline flocks : 

2(C**H" , )H*N* + 3C t H h O « (C 30 H ,4 )*(C 7 H ,, )*N > + 3H*0. 

Kotauiline. (Enanthol. Triheptylidene-dlro«u 

niline. 


It forms crystalline copper-coloured salts, insoluble in water, and several platinum- 
salts. Both the base and its salts decompose even below 100°, especially in presence of 
excess of cenanthol, yielding a yellow resinous mass, consisting mainly of heptyli- 
dene-dibonzylidene-diamine, « (C 7 H M )(C 7 H*)*N*. This compound 

scarcely exhibits basic properties, but nevertheless forms a yellow platinum-salt, 
2 (C ,, IF*N*.HCl).PtCl\ Its formation probably takes place in the manner represented 
by the equation : 


(CH 4 )*) 
(C T H 6 ) 4 >N* 
(CH 14 )*) 

TrlheptjlWcne- 


N* 4- 2 


Hpptylidme* 

itlnhpiiil«n«* 


N*l 


Hoptjlfdene- 

dlbentvlidene- 



TKIMJETH Y L«UJL*-H UKO U S 

mmMOAUOmiO AOS. See HYT>ndfcjLRBO*t*JC 
TtmiKCirEAro, anTRAT» OF. Syn. with Nitbaxi 
TB ntKRCP BAM itOKIOM. (See PHENYLAintONIUMS, iv. 470.) 

TUUTBTL-O&TCSRZir, or TRIMBTHTUir, CH'^O 1 

is formed by heating 1 vol. acrolein, 3 vols. mei hylic alcohol, and 0-5 
to 100 0, for several hours. It is a liquid having an agreeable odour, some whatsolu bib 
in water, boiling at 148^, and having a specific gravity of 0*9433 at 0°. (AXsberg, 
Jahresb. 1866, p. 496.) ; v 

TRZMXTBTLSULFEnrE. See the next artic ^ v 

iuzmsthtlsulphurovs COMPOOHD8, (Cabours, Ann/ th. 
Plmr m. cxxxvi. 161 ; Jahresb. 1866, p. 476. — Dehn, Ann. Ch. Pharm. Suppl. iv. 83 ; 
Jahresb. 1865, p. 479.) — These compounds aro analogous in composition to the tri- 
ethylsulphurous compounds above described (p. 881), and are obtained by similar re- 
actions. 

Sulphurous Iodotrimethide , S ,T j ^ , or Iodide of TVimet hyls ttlphuic, 

(CH*)*S.I, is produced by direct combination of methyl ic sulphide, (CH*)*S, and mo- 
thylic iodide, CH S I; the two substances unite, at ordinary temperatures, to a white 
crystalline mass, which dissolves easily in hot ■water, and separates, by slow evaporation, 
in largo prisms, quickly turning brown on exposure to light. Tho same compound is 
produced, together with methyl ic aulphydrate, by boating methylic sulphide with hy- 
driodic acid in a sealed tube (Cali ours) : 

2(CIF) 2 S + HI « (CIP)VSI + CHMI.S. 

A mixture of methylic sulphocyanate and metliylic iodide also solidifies on cooling to 
a crystalline mass consisting mainly of sulphurous iodotrimethido. This compound 
is slightly soluble in strong alcohol, insoluble in ether, and crystallises from uquoous 
alcohol in white needles, mado up of small rhombic tablets. Tho aqueous solution 
is partly decomposed on evaporation, yielding methylic sulphide and freo iodine. 
(Dehn.) 

The iodide, decomposed with rccontly-precipitated silver-oxido, yields sulphurous 
hydroxyltrimethide, S ,r ^ , or hydrate of trimothylsulphinc, 

(CIP)SHO, which is a strongly alkaline base, and, when neutralised with hydrochloric 
acid, yields the corresponding chloride in colourless deliquescent prismB. — Tho 
chloroptatinate , 2(CII*) 8 i$CI.PtCl\ crystallises from hot water in sparingly solublo 
orange-yellow prisms. — The chloroauralc and chloromercurate also crystallise distinctly. 
The other salts, obtained by decomposing tho iodide with silver-salts, arc crystallisablu 
and deliquescent (C ah ours). — The nitrate forms, with nitrate of silver, a sparingly 
soluble double salt, which crystallises in needles. (Dohn.) 



( (CH*)* 

Sulp hurous Iodo-cihi/ldimethide t S'M C*IP , is produced by the combina- 
tion of methylic sulphide with otbylic iodide. (Cm hours.) 

Sulphurous Dibromodimethidc, S 1 * ^ » 18 P r< *J uc<J d by adding bromine to 

methylic sulphido diffused through half its bulk of water, and treating Iho resulting 
reddish -yellow crystalline compound with a few drops of methylic sulphide. It is 
deliquescent, and separates from its colourless aqueous solution, by evaporation in* a 
vacuum over oil of vitriol, in amber-yellow octahedral crystals. Moist silver-oxido 
converts it, at ordinary temperatures, into the corresponding oxide, S(CH*) 2 yO, which 
does not exhibit any alkaline reaction. (C a h o u r s.) 

r ((C*HT 

Sulphurous Dibromo-et hylene^tetramethide, S'^-mCH 1 ) 4 , is produced, by 

( Br* 

heating 1 at. ethylenic bromide with 2 at. methylic sulphide to 100°, as a crystalline 
mass, which dissolves readily in water, and crystallises in a vacuum, in colourless 
well-defined crystals. It is deliquescent, is dissolved in all proportions by hot water, 
less easily by alcohol, is insoluble in ether, and is precipitated by ether from the hIco- 
holic solution in white prisms. With silver-salts it yields silver-bromide, and very 
deliquescent salts ; with recently-precipitated silver-oxide, a caustic alkaline solution, 


containing the oxide, 5 a «J (CH 1 ) 4 . — The chloroplat in ate 
orange-yellow and crystalline. (Cahours.) 


(C a H 4 XCH # ) 4 S*Cl*.PfcCl 4 , ift 



88# TBIMfi^HTL-TELUJBOTJS COMPOTJNDS. 

Sulphurous Tribromo-ethenylhexmethide, sO (C 2 H 8 ) m ,w produced by com- 

l Br* 

bi nation of 3 at. metbylic sulphide, (CH*)*S, with 1 at. monobromethylenic bromide, 
C*H*Bt.Br*. It is cTystalliaable, deliquescent, and reacts with silver-oxide like the 
preceding. (Cahours.) 

Iodoform dissolves easily in methylic sulphide, and crystallises out unaltered, on 
leaving the liquid to evaporate; but the mixture, if heated to 180°, turns brown, and 
deposits a dark-coloured crystalline mass, analogous in composition to the bromide last 
declined. (Cahours.) 

T^nSSTHTL-TIKLiniOVi COMFOU1TD8. (Cahours, loo. tit,)— Tel- 
lur oua iodotrimethide , Te* ? ^ » produced by direct combination of methylic 

telluride with methylic iodide, is crystalline, slightly soluble in wat^r, easily soluble 
in alcohol. The alkaline base, obtained from it by the action of silver-oxide, yields, 
when neutralised with hydrochloric acid and treated with platinic chloride, a chloro - 
platinale , 2(CH*) 3 TeCl.PtCl\ isomorphous with the corresponding sulphur-compound. 

Similar compounds are formed with ethylic telluride and iodide; also with the cor- 
responding selenides and iodides, 

TXIXMORPHX8M. See Dimorphism (ii. 331). 

TRXJSTACRXTS. A mineral from the palagonito tufa of Cape Passaro, in Sicily, 
in which it occurs mixed with siderosilicite. It contains 31*82 per cent. SiO f , 33*95 
PVO 3 , 5*26 Al 2 0* f 2-52 CaO, 4*57 MgO, 4*19 Na"0, and 3*4 K 2 0. (S. v. Waltera- 

h a u s o n, Vulccmische Gesteinc , p.232.) 

TMlWfAi r r m AWnya, Syn. with Trihhptylamine (p. 884). 

TRKBirANTHTIiISENn-nniOSAimilNZI. Syn. with Triheftyuidene- 
DIROSANLL1NE (p.- 4)8 4). 

TSXOXXiXTS. A name applied by Haidinger to the sulphide of iron, EeS, occur- 
ring in meteorites. (Jahresb. 1863, p. 905.) 

"HUO JLAUMnrXi AMCXSOTB . (C ft H 1! 0) 3 N. (J. Erdmann, Ann. Ch. Pharm. cxxx. 

211 ; Jahresb. 1864, p. 420.)— A base produced by heating anhydrous valcral-ammo- 
nia, or a mixture of valeral and strong aqueous ammonia, to 130° in sealed tubes for six 
or eight hours : 

3(C4P c O.NH 3 ) - (C s IP'0)»N + 2NH 3 . 

Erdmann designated this base as triamyl idcnoxydammon ia, or t rioxamylidc n e ; the 
name and formula above given, which represent the base as analogous to hydrobonza- 
mido, &c., were suggested by Petersen. (Ann. Ch. Pharm. cxxxii. 158.) 

To obtain the pure baeo, the oily layer, which floats on the liquid when the reaction 
is completed, is distilled with water; the non-volatile portion, separated from the 
water, is dissolved in strong hydrochloric acid ; and the hydrochlorate, (C S H"0)*N.HC1, 
which separates from the solution in crystalline crusts, is washed with a little water, 
pressed between filter-paper, recrystallised from alcohol, washed with ether, and then 
shaken up with ammonia and other. The resulting solution yields the base, on evapo- 
ration, as a colourless viscid oil, having a pungent odour when warm, and a specific 
gravity of 0*879 at 22°. It is partially decomposed by distillation, with evolution of 
ammonia, has a strong alkaline reaction, is but slightly soluble in water, easily solu- 
ble in alcohol, and, when once separated, unites but slowly with acids, forming crys- 
tallisablo stilts. — The chloroplatmate , 2(C ,5 H”0*N.HCl).PtCl\ is resinous, and crys- 
tallises from alcohol in yellowish-red granules. •% 

Trioxamyl amine, heated for several hours with ethylio iodide , is partially acted on, 
forming an iodide, which, when treated with silver-oxide, yields a very bitter alkaline 
base, obtainable in the form of a Boft yellowish resin. 

TXXOXTAliZZAftnr. Syn. with Pseudofurpurih. (See Purfurin, iv. 751.) 

TKXOXTPXOTXnr. See Protein (iv. 738). 

TXZfB-fiTOXI. A variety of anhydrous calcic sulphate, composed of contorted 
plates. 

TXXfXXlflt Syn. with Spodumenr (p. 403). 

TSZVSn&XN& Lithio-ferroao-manganous phosphate, (Li 1 ; Fe ; Mn")*P t O i . 
(See Phosphates, iv. 672.) 

TXXVU BALTS. A name sometimes applied to salts containing three diffe- 
rent bases, such as microcosmic salt, Na(NH 4 )HPO\ 
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TEZPLZTE Fertosomanganous phosphate. (See Phosphates, iv. 671.) : 

THZPOCl&BB. Syn. with Thoicso^tb (p. 784). 

TBXPOXiZ. Quart aluminifkre tripolien . Arctic tripol&mne. Terra iripolitana , — 
A mineral consisting chiefly of silica, with small quantities of alumina, ferrio oxide, 
and water, occurring massive in beds and nodules in various formations. Its struc- 
ture is coarsely or finely earthy, sometimes rather slaty in the mass ; of whitish, yel- 
lowish, greyish to blackish colour; sometimes spotted or striped; dull; opaque; 
somewhat rough to the touch; soft to friable, and of specific gravity 1/86 to 2 7* It 
may be regarded as an earthy variety of opal, ^ 

TBZTHZOmc ACZ2). H*S»0*. See StTLTHrn, Oxygen-Acids op (p. B89). 

TXZTZOZV^ A name sometimes applied to the gluten of wheat. 

TRXTXCtnig/ A genus of grasses including wheat. The rootstock of Tr. repens 
(couch-grass) is distinguished by its sweetish taste, l’faff found in it a peculiar sugar, 
which Berzelius regarded as mannitc. Sten house (Ann. Ch. Phorm. li. 364), by 
exhausting the extract of the plant with alcohol, obtained no nmunite, but needle- 
shaped crystals of acid potassic oxalate, and an unciystallisable, easily fermentable 
sugar. Volckor, however (ibid. lix. 380), lias frequently observed the occurrence of 
mannitc in the extinct of couch-grass root; lie found, indeed, that (he extract of roots 
grown in the hot and dry summer of 1849, solidified almost entirely to a muss of 
needles of mannite. (Handw. d. Chem. viii. 1031.) 

Respecting the composition of wheat (TV. vulgar e, &c.), and of its ash, see Ckukalb 
( i. 824—828). 

TSZTOMZTB. A hydrated silicate of cerium, lanthanum, calcium, &c., occurring 
in the syenite of the island of Lamo, near Brcvig in Norway, in imbedded tetrahedrons 
exh i biting no distinct cleavage, but only a conchoi’dul fracture. Hardness = 6 5. Sneciflo 
gravity «* *3'90 to 4 66, Colour brown to yellow ; streak yellfpeish-groy. Lustre 
semi- metallic. Opaque or translucent on the edges only. When lion ted before tho 
blowpipe, it often splits violently, swells up, and turns white. With borax, it forms 
a reddish-yellow bead, Incoming colourless on cooling ; when heated in ft lube, it gives 
olf water and fluorine. In the pulverulent state, it dissolves in hydrochloric acid, with 
evolution of chlorine and separation of gelatinous silica, 

TRITOXXDB. A term formerly UBcd to denote the third in a series of oxides, the 
first and second terms of which wore called protoxide and doutoxide. (See Numkn- 
ci-atoub, iv. 123.) 


¥SUtm« (better known as FROPYXi) is tho third radicle of the series C B II* n . + l . 
lasting in combination, its formula is C 3 IP. In tho free state it cun hardly be said 
to be known as on actual substance, but, in accordance with received doctrines, its for- 
mula must bo C*H M , and it is probably identical with the hydride of hexyl occurring 
in petroleum (iii. 163). 

lsotrityl, os isopropyl, differs from propyl, and has bocn obtained by Hchor- 
lemmer (Proc. Roy. Soc. xvi. 36), by acting on iodide of isopropyl with sodium in 
prcscnco of ether. It is a colourless mobile liquid, resembling the hexyl-hydride of 
petroleum in smell, but having a lower boiling-poiut, viz. 6H°. Specific gravity at JO-* 
-=0*0769, It is easily attacked by chlorine in the cold, yielding Cl. With rhlorino 
and iodine it gives, not CH^Cl, but C*Ii ls CR, and products still more highly 
chlorinated. Dilute chromic acid oxidises it to acetic and carbonic acids. 

Isopropyl combines with alcohol-radicles when it is liberated nascent, in presenco’of 
£he radicles also in tho nascent state. Thus Schorlemmer (Ivc.cit.) obtained 
amylisopropy 1, C*H'*, a colourless liquid, boiling at 109 ' — 110 J , and of specific 
gravity 0*6980 at 16*6°, by attacking a mixture of iodide of amyl and iodide of llopropyl 

Thelfiffbrence in structure between normal trityl and isotrityl is expressed by the. 
following formulae : 


Compound of 
normal tritrh 

/CH*CH? 

•i 


Compound of 
* irltri. 


rltri. 

CH» 

CH* 

H 

R 


(See Secohdart Aucohols, p. 216). Our knowledge of the entire trityl-gnmp is very 
imperfect, and, for the most part, of very recent date. 




being " propylated ” acetic acid, or, what is the same thing, a compound of normal 
propyl frith oxafcyl (0 = C-0H)'. (Frankland and Duppa.) 

Propylamine, obtained by Mendius, who treated cyanide of ethyl with nascent 
hydrogen, is a normal trityl-compound, giving, as Chapman and Thorp have shown, 
propione-aldehyde and propiomc acid when subjects! to the process of “limited 
oxidation.” 


Hydride of propyl must belong to both the normal and the iso-series, as is obqpus 
on inspection of the formulae : 4 ■ 


Normal propy 

lie hydride. 

Isopropjlic hydride. 

( CH*CH* 

" CH* 

(ch* 

CH* 

cj| -or 

6h* 

c h H * 

or djH* 

Ih 

6 H* 

Ih 

d!H> 


In both normal- and iso-hydride of propyl, there is an atom of carbon which is 
directly united with two atoms of hydrogen and with two equivalents of carbon be- 
longing to separate atoms of carbon.* 

With the exception of butyric acid and its derivatives, propylamine and its deriva- 
tives, cyanide of propyl and propyl -hydride, wherein the two series become fused 
together, there is at the present date (1867) no known compound which can be said 
with certainty to contain normal propyl. Whether a numerous set of normal propyl- 
compounds is inherently impossible, or only not discovered, remains to be seen. 

One of the earliest (if not the earliest) recognitions of the trityl-group is to be found 
in Chancel's note in the Comptes Rendus, xxxvii. 410 (.1853), which describes a 
trityl-alcohol extracted by fractional distillation from largo quantities of crude amylic 
alcohol. Great uncertainty surrounds this research of Chancel’s, which requires con- 
firmation by the much-improved methods of later years, before we can receive it as an 
established fact that some varieties of fusel-oil contain tritylic alcohol. 

Attempts to form normal trityl-alcohol by synthesis have hitherto failed. Attempts 
have bcen»made to produce it by means of propylamine, prepared by the method of 
Mendius from cyanide of ethyl and nascent hydrogen. Nitrous acid attacks the pro- 
pylamine, but no modification of the method of experimenting has yet succeeded in 
converting the propylamine into the normal alcohol. The attempt to make it through the 
aldehyde— which, if Williamson’s reaction were of general application, should be formed 
by the distillation of a mixture of propionate and formate of barium — has miscarried 
even earlier in the process, for, according to recent researches, propione-aldehyde itself 
fails to be formed. 

It yet remains to try to add. hydrogen to the normal propione-aldehyde obtained 
by the oxidation of Mendius’a propylamino, or to chlorinate the hydride of propyl, and 
then proceed, through the resulting chlorine-compound, to the acetic ether and alcohol. 

Isopropyl-compounds are, on the other hand, obtained with facility, and in a per- 
fectly satisfactory condition. 

Bertholot has shown that propylene, the olefine of the group, is easily hydrated 
by means of acids ; 

C*H a + H*0 « C a H 8 0. 

Propyc Isopropyl, 

lene. alcohol. 


Erlenmeyer has transformed glycerin into iodide of isopropyl, which is capable yf giving 
the isoalcohol : 


H*COH 

H^OH + 6HI 

h*6oh 

Glycerin. 


H*CH 

H<bl + 3H*0 + 21*. 

h*6h 

Iodide of 
Isopropyl. 


< • A striking example of the value of these latest developments of chemical theory has lust been 
given by 8ohorlemmer. who has prepared hydride of isopropyl by the action or stnc and hydrochloric 
acid on iodide of isopropyl. It is Identical with normal hydride of r * 


propyl when attached by chlorine in presence of iodine. 


’ propyl, giving normal chloride os 



m&TYt Alcohols. ' -&A 


Finally, Friedel has added hydrogen to acetone, and produced the iso*aleobol. This 
important reaction completely dears up the structure of the isopropyl-compound* : 

(ST ~ 

' OH 
tCH* 


(CH* 

c|o 

(CH* 

Acetone. 


+ H* - C 


CH* 

- nbos. 

'h* 


(See Secondary Alcohols, p. 215.) J. A. W. 

TH AT 1 1* AIOOHOXJ. Normal trityl alcohol is not known with certainty. It 
is said to boil at 96° to 97°, and to be a fruity liquid, rery soluble in water, but not 
soluble in all proportions, and to be contained in some samples of crude amylic alcohol. 
(Chancel, Compfc. rend. [1853] xxxvii. 410.) 

sulphuric acid, formed by the action of sulphuric acid on the alcohol, is also 


leotrityl alcohol , or Isopropyl alcohol , or Pseudopropyl alcohol, or 
Propylene •hydrate ^ — Formed, as just described, from propylene, glycerin, or 
acetone. 

Preparation . — a. From Oxalate, or Acetate of Isopropyl, which may be easily 
decomposed by potash or soda. If the alcohol is wanted in large quantities, this 
would probably prove the most convenient process, inasmuch as the iodide of isopropyl, 
from which the oxalate or acetate may be readily prepared, is easily obtained pure 
and in large quantity, 

fi. From A ceton e. — One vol. of acetone is added to 5 vols. of water, and then treated 
with sodium-airoalgam. After u while, an oily layor separates. The whole liquid is 
then to be distilled, and the oily distillate mixed with water, and again treated with 
sodium-amalgam. By repeating this process six times, a transformation of much of 
the acetone into the isoalcuhol is effected. In ordor to purify the product, it is dried 
with carbonate of potassium and distilled, then rubbed up with powdered and well- 
dried chloride of calcium. Tho mass is subsequently dritd in a vacuum over sulphurio 
acid, when the acetone evaporutes, leaving a dry powder, consisting of the compound of 
isualcohol with chlorido of calcium. Simple heating drives off the isoalcohol from 
this compound, and rectification suffices to purify it completely. (Linneinann, Ann. 
Oh. Pharm, cxxxvi. 37.) 

Properties. — Isopropyl alcohol is a colourless, not very mobile liquid, having a 
peculiar odour, not at all resembling that of amyl alcohol. Boils at 83° — 84°, under 
a pressure of 739 mni. At 15°, its specific gravity is 0*791. It does not freeze at 
— 20°. It does not act on polarised light. It is very difficult to dry, mixing with 
water in all proportions, and forming several hydrates of considerable stability. Tho 
existence of these hydrates was first observed by Erlenmeyer, and afterwards confirmed 
by Linnemann. Tho following is tlio composition of these hydrates : 


I. (3C*H 8 0.2IP0) boils at 78°— 80° ; specific gravity, 0*832 at 15°. 

ii. (2 C*h*o.h*o> „ so 0 

III. (3C*H 8 0.2J 2 0) „ 81°; specific gravity, 0*800 at 15°. 


The second, discovered by Erlenmeyer, simulates common alcohol, having exactly 
the same percentage composition as that substance. It boils only slightly higher 
than common alcohol, and retains water so strongly, that it does not render blue 
the white anhydrous sulphate of copper. In order to dehydrate it completely, it is 
well to use a little metallic sodium. To distinguish between this hydrate and common 
etbyiic alcohol, the readiest plan is to submit the liquid to the action of iodine and 
phosphorus, which transforms the one into iodide of isopropyl, and the other into iodide 
of ethyl. The resemblance extends very far. Both compounds yield acetic acid 
on oxidation , the hydrate of isopropyl alcohol giving, however, carbonic acid hi 
addition. 

The characteristic property of isopropyl alcohol is, that it yields acetone by oxidation 
with dilute chromic acid. This important observation was made by Friedel, after it 
had been predicted, in a most remarkable manner, by Kolbe, who had had, so to 
apeak, a vision of the secondary alcohols with their leading characteristics. On 
pushing the oxidation further, the acetone breaks up into acetic acid, carbonic anhy- 
dride, and water : 

fSS (CH* 

cJiP + 0 = C'jCH* + fl*0. 

(oh 1° 

iKg r o g l Acetone. 
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(OH* (CH* 

ClCH * + O* - OJo + 00* + H*0. 

(O (OH 

Acetone • Acetic 

acid* 

Bromine attacks isopropyl alcohol, withdrawing hydrogen, and leaving acetone. In 
practice, this reaction is very complicated, the hydrobromic acid resulting from this 
change attacking some of the iBoalcohol, and giving bromide of isopropyl, and the 
acetone suffering a further attack. — Distilled with acetate of potassium and sulphuric 
acid , it yields acetate of isopropyl. — Digestion at 140° with acetic acid also gives the 
acetate of isopropyl.' The butyric ether is formed similarly, and distils at about 130°. 

J. A. W. 

TBXTT& STBSAB. The normal trityl ethers are scarcely known, but several 
isotrityl ethers have been prepared : — 

Bromide of Isopropyl , C*H r Br, is obtained by heating the alcohol with hydro- 
bromic acid, also by the action of bromine on the iodide of isopropyl. It is a liquid. 
Specific gravity « 1-320 at 13°. Boiling-point = 60° to 63° at 739 mm. pressure. 

Chloride of Isopropyl \ 0*H’G1, prepared by the action of hydrochloric acid on 
the alcohol, is a liquid, boiling at SO 5 to 38°, at 741 mm. pressure. Specific gravity 
at 10° = 0-874. 

Cyanide of Trityl, C 8 H 7 .CN. (See BuTYBoianrcLE, i. TJ98.) — This compound is 
obtained from normal butyric acid, and yields normal butyric acid and ammonia when 
it is mado to take up water. 

Cyanide of Isopropyl^ C*H 7 CN. (Erlenmeyer.l — When 1 at.’ iodide of iso- 
propyl and 1 at. cyanide of potassium, dissolved in alcohol, are digested in the water- 
bath, iodide of potassium is formed, the liquid acquires a very disagreeable smell, and 
there results an alcoholic solution of cyanido of isopropyl. It is difficult to separate 
the alcohol from the cyanide, which boils at about 80°. On boiling cyanide of isopro- 
pyl with alcoholic potash, ammonia is evolved, and isobutyrato of potassium produced: 

* C S H 7 CN -b 2IPO - CTPCOOH + NH*. 

Isobutyric acid is quite distinct from butyric acid, and was the first recognised example 
of an iso-fatty acid. 

Iodide of Isop ropyl, C*H 7 I. (Erlenmeyer, Zeitschr. Ch. Pharm. 1861 r .pp. 
862, 673.) — Obtained by the action of hydriodic acid on propylglyeol, iodide of ally!, 
isopropyl alcohol, propylene, or glycerin. It is most conveniently prepared by dis- 
tilling glycerin with a great excess of strong hydriodic acid > 

C s H 8 0» + 6HI = C 3 H’I + 3 IPO + 21* 

The reaction is perfectly neat, if proper precautions be taken. T]je conditions to be 
satisfied are these The hydriodic acid used must bo sufficiently strong (boiling-point 
about 125°) ; if too dilute it may be concentrated by distillation, the strong acid re- 
maining behind in the retort. There must be always great excess of hydriodic acid. 
The iodine sot free should be reconverted into hydriodic acid by means of phosphorus. 
The operation succeeds either on the small or the large scale. The iodide of isopropyl 
has been recently manufactured in quantity. 

Preparation . — 100 lbs. of iodine, 6 lbs. of phosphorus, and 10<Mbs. (or rather more) 
water, are employed. A little of the water is warmed, and put into a large vessel; ana 
the iodine and phosphorus and water are added by degrees, and well stirred up. The stir- 
ring renders the reaction quite manageable. The first quantity of water ip warmed to 
start the reaction, afterwards the water is added cold. In this way there is obtained a 
strong solution of hydriodic acid containing also some phosphoric acid. This solution 
is put into an iron still and distilled, until very concentrated hydriodio-acid begins to 
pass over. When the concentration is sufficient, a charge of 11 lbs. of glycerin is put 
into the still* and 3 lbs. of phosphorus added by degrees. A very energetic action is thus 
set lip, and iodide of isopropyl distils over very rapidly, accompanied by water and hy- 
driocuc acid. When the action has become moderate, a second charge of 1 1 lbs. of 
glycerin and 3 lbs. of phosphorus is introduced into the still. When the second charge 
has worked off, a small third charge may be put in. 

Ultimately the products are iodide of isopropyl, hydriodic acid, andphosphoric acid. 
When the phosphoric acid has accumulated, it is necessary to distil off The hydriodic 
add is ready for a second operation. By operating as above described, a quantity 
of iodide of isopropyl may be obtained, very close upon that required by theory, ana 
in a series of operations very nearly all the iodine used may be transformed into the 
organic iodide. 
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The iodine, as it is set free, is transformed into hydriodic acid by the action of the 
phosphorus and water, and becomes available. 

If an insufficient quantity of hydriodic acid be allowed to act on the glycerin in the 
above process, the iodide of isopropyl will be contaminated with iodide of allyl. 

Maxwell Simpson has shown that iodide of allyl is transformed into qpdiae of iso- 
propyl by treatment with hydriodic acid. 

Properties . — Iodide of isopropyl is an oil, boiling at 89° to 90°, under a pressure of 
735 mm. Specific gravity 1'70 at 15°. In smell it resembles iodide of ethyl. It is 
nearly insoluble in water, and dissolves phosphorus and iodine. 

With sodium, in presence* of ether, it gives propylene, hydride of propyl, and di- 
isopropyl (Schorlemmer ). — Bromine drives out the iodine, forming a bromide of the 
radicle . — Chlorine attacks it mare deeply, giving, among other products, trichlorhydrin, 
C a H a Cl f . — With oxalate of silver, it gives oxalate of isopropyl, — With acetate of silver, 
it yields acetate of isopropyl, boiling at 90° — 93°, according to Friedel. 

With oxide of silver and water, it gives isopropyl ether, Qijp j 0» isopropyl alcohol* 
and propylene, C a H f . 

With alcoholic potash it gives propylene. It reacts on ammonia , giving some pro- 
pylene and an organic base. It forms new bases when made to act on aniline or oh 
rosantline. 

Carefully oxidised with dilute chromic acid , it givoa acetic and carbonic acids, and no 
propionic acid. (Chapman and Thorp.) J. A. W. 


TXIITTL, HYDSIDfi 07* This compound appears to occur in American petro- 
leum (Ronalds). By heating to 275° a mixture of bromide of propylene, C*H*Br“ r 
iodide of pptassium, and water, with metallic copper, there is obtained propylene, hy- 
dride of propyl, and carbonic acid, llydrido of propyl is a gas, which is soluble m 
alcohol. * * J. A. W. 

rC'H’ 

TBZTT1AMINB, or PROFYX.AMrN’Zl. li , .—This base is isomeric 

(H 

with trimotliylaminc, which has often been mistaken for it. Thsp only process by*, 
which it. 1ms been prepared is that of Mendius, viz., by the hydrogenation of cyanide 
of ethyl : 

C a H 4 CST + II 4 = C 3 II’N. 


.To prepare propylamine, 36 grins, of cyanide of ethyl, 600 grms. of common alcohol 
200 gnus, of water, and 600 grins, of 20 per cent, hydrochloric acid, are allowed to 
act. on excess of granulated zinc, and then distilled. The distillate is put back once, 
and 400 grms. of hydrochloric acid are added. The product is distilled to got rid of 
the alcohol, then excess of alkali added to the residue, and the distillation continued* 
w hereupon propylamine and water come over. 

From 36 gmi8.*of the cyanide of ethyl, 9 grms. of pure propylamine have been ob- 
tained (Jdendius). Propylamine is dried by distillation from solid potash. 

Properties . — Bright, colourless, highly refracting, very mobile liquid, possessing & 
p«culiar, strongly ammoniaoal odour, very different from that of metliylarnine. It is 
miscible with water, becoming hot in contact with it. Boils at 60°. Its aqueous solu- 
tion precipitates the oxides of iron, copper, lead, aluminium, nickel, cobalt, and 
mercury, and does nqt dissolve the precipitate when added in excess. 

The precipitate fonned with silver^solutious is soluble in excess. 

~Tho propy I am i ne ? p re pared as just described, is a true normal propyl -compound, 
giving, on oxidation ’•with dilute chromic, acid, propione-aldeliydo and propionic acid* 
and not giving any carbonic acid or acetic, acid. (Chapman and Thorp.) 

It combines with acids, forming crystallisable salts, — The chloride , NC"B*HC1* 
forma very deliquescent crystals, freely soluble in alcohol, almost insoluble in etBfer* 
A little above 100° it melts, and mibliraeB unchanged. It may bo obtained, in large 
square plates, by crystallisation from strong alcohol. — The chhroplatinate , 2NC*H ,a Cl. 
I tCl 4 , is moderately soluble in hot water and alcohol, and insoluble in ether. It often 
Jfcrms fine crystals, a quarter of an inch long. 

Sulphate of propylamine is crystalline and deliquescent.^ 

On treating propylamine with iodide of ethyl , the following products are obtained: 

t C # H* (C 3 H» (C*H r 

nJ cm* NXC’H* NC'H* 

(H tc’IP <C*H» 

hi hi cm 


The last compound, iodide of triet hyl-propylammon ium, is a whito crystalline mass* 
insoluble in potash-ley. From its alcoholic solution it crystallises in long needles. 



Oxide of silver reacts upon it, giving a strong 
a mm onium-base. — The chloroplatvn 
coloured octahedrons, rather soluble 
cxxi. 129.) 


it, giving a etronglycausiic solution \ 
iWem alcohol and water. (Mendiu8™Lu^i^ 


* YI«SH JU, CH 8 , the olefine of the tritvl wo 
discovered by Reynolds in 1851. It is obtained, more or less impure whf^ 1 ^ 
or valerianic acid is passed through a red-hot tube; by the destructive distSkti oil 
oleic acid with lime or soda-lime ; and by the destructive distillation of sugar m? ![ 
with an equal weight of soda-lime. According to Hits art (Ann. Ch. Pha^. 

127), it is obtained on distilling an intimate mixture of equivalent quantities of onJ 

late o£ calcium and acetate of potassium. f 

It ia prepared moat conveniently by acting on iodide of ally! with mercury ant 

strong hydrochloric acid. The mercury should contain a trace of zinc , according to 

the observation of von Than . The following are the details of the process:— 

Iodide of phosphorus is prepared by acting on 1 pt. of 'phosphorus with 8 pts. of 
iodine. 60 grins, of this iodide of phosphorus, and 60 grms. of glycerin, distilled 
together, yield SO grms. of iodide of iillyl. From this quantity of the iodide, 3 litres 
of propylene may be obtained by employing 150 grms. of mercury and 50 grms. of 
fuming hydrochloric acid, 'fhe gas obtained in this operation is chemically pure pro- 
pylene. (Berthelot and De Luca, Ann. Ch. Pbarm. xcii. 306.) 

According to Rieth and Beilstein, chloride of carbon, acted upon by zinc-ethyl, 
yields a mixture of propylene, ethylene, and chloride of ethyl, also chloride of zinc. 
Iodide of isopropyl and alcoholic potash also give propylene. 

Properties. — Colourless gas; not condensable at — 140°. It has a distinct phosphoric 
odour, as is generally the case with the olefines, and a swoctish taste. According to 
^Ton Than : 

100 Vols. of water absorb 44 vols. of propylene at 0°. 

if ti 35 „ „ 6°. 

28 „ 10°. 
ii » 23 if ,i 15°. 

* 22 „ „ 20°. 

Absolute alcohol dissolves 12 to 15 times its volume of this gas— glacial acetic acid 
5 volumes. 

Like ethylene, it combinos readily with chlorine and bromine, and is capable of 
uniting with iodine ; the resulting compounds are C 3 H 8 Cl* C 3 H 9 Br a , C*H*I*. 

It is absorbed by cuprous chloride , but not to the sumo oxtent as ethylene. — Fuming 
sulphuric odd absorbs it very readily. — Common oil of vitriol , hydrochloric , hydro- 
bromic , and hydriodic acids combine with it far more readily than with ethylene. 
These acids convert it into isopropyl-compounds. — On oxidation with dilute chromic 
acid, it gives acetic and carbonic acids. It is not very readily oxidised. — With per- 
manganate of potassium in an acid liquid, it gives the same products as with chromic 
acid; with permanganate in an alkaline liquid, acetic and formic acids. J. A. W. 

TftZTYLBWZC AACOHOXu C , H , 0* = jo*. Trityl, or Propylglycol. 

— Prepared from the tritylonic acetate just described^ by distillation with caustic 
potash, in tho oil-bath. It is a colourless oily liquid, sweet to the taBte, soluble in 
water and alcohol in all proportions, and soluble in 12 to 13 pts. of ether. Its 
specific gravity at 0° is 1’054. Boiling-point 188° to 189°. 

Platinum-black oxidises it to lactic acid: 

* - C a H 8 O a + O a - CFHHP + H*0. 

* Trltylenic hydrate. Lactic aci& 

Digested at 190° for some hours with strong hydriodic acid , it gives iodide of iso* 
propyl (Wurtz) : 

C»H 8 0 a + 3 HI « C*H T I + 2H 8 0 + I 8 . 


With pentachloride of phosphorus it gives chloride of propylene, C*H*C1*. 

Heated with dilute nitric acid, it is broken up into glycollic add, whilst concentrated 
nitric acid resolves it into oxalic acid. J. A, W. 

TBXTYLBNXO ITBBBI. The acetate, C’H»0< - (C^O)<S°- was dis- 
covered by Wurtz. 320 grms. acetate of silver, 192 grms. bromide of propylene, and 
sufficient glacial aceticadd to bring the mixture into a semifluid state, are heated in the 
water-bath for four days, then mixed with ether and filtered, and the filtrate is distilled. 
The acetate is a colourless neutral liquid, soluble in 10 pts. of water, and boiling at 
186°. Its specific gravity at 0° — 1*109. 
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The bromide, C*H*Br*, formed directly from propylene and bromine, is a colour* 
ess oily liquid. Specific gravity — 1*974. Boiling-point 144°, It is a convenient 
impound for the preparation of proplylene-derivativos. 

The chloride \ C*H f Cl*, is a liquid boiling at 103°. Specific gravity «■ 1*161, 

The cyanide, C*H*(CN)* was discovered by Maxwell Simpson. 1 at. trity Ionic 
iromide and 2 at. cyanide of potassium are heated with a large, Quantity of 
dkohol to 100° for about 16 hours. The product is then filtered, and deprived of 
alcohol by evaporation. The residue is treated with ether, and the ethereal solution 
evaporated to get rid of the -ether, and then distilled. In this way tritylenic cyanide 
is obtained as a liquid, boiling between 277° and 290°. It is soluble in water, alcohol, 
and ether. 

Heated with 1 J vols. of strong hydrochloric acid to 100°, it Buffers a very interesting 
change, yielding pyrotartaric acid. In order to extract this acid, the residue, after the 
reaction, is treated with absolute alcohol, which dissolves the acid ; the alcoholic solu- 
tion is evaporated, to drivq off the alcohol ; and the residue crystallised from aqueous 
solution, and finally dissolved in ether, which on evaporation leaves the pyrotartaric 
acid in a state of purity : 

C S H«(NC)* + 4H 2 0 - C 4 H*0* + 2 NIP, 

Cyanide of * Pyrotartaric 

propylene. acid. 

The iodide , C*H*P, is a liquid which does not solidify at — 10°. It was discovered 
by Berthelot and Do Luca (Ann. Ch. Pharm. xcii. 311). Prepared by exposing 
iodine in contact with progylone to sun$ght, or by heating it to 6Q° or 60®. The result- 
ing liquid is freed from excess of iotpno by treatment with potash. It is decomposed by 
alcoholic potash into propylene and other products. ’ *■ ^ v 

The sulphide, C S H*S*, is a white amorphous powder, obtained by the action olfT 
trity Ionic bromide on an alcoholic solution of sulphide of sodium, v 

Tho sulphocarbonate , C*li®CS , l is easily obtninod from an alcoholic solution of 
sulphocarbonate of sodium and tritylenic bromide. It is a thick, liquid of .disagreeable 
smell, -and of a yellowish -brown colour. Specific gravity m 1*81 at 20°, Itmny 
be distilled in a stream of hydrogen. jf . A. W. ?£' 

TBimmcna or naFfUBrein. C*H*o* - « 

(C*H 4 )*»(H0 4 ). Gfyrcryfcnic Alcohol. (Carius, Ann. Ch. Pharm, cxxxiv. 71; 
Jahrosb. 1866, p. 498).— A tetratomic alcohol, homologous, at least in composition, 
with phycite or erythronmnnite, C 4 IL ,0 O 4 (ii. 604 ; iv. 633). The corresponding 
dichlorhydrin, (C , H 4 )Cb(H O) 2 , is produced by addition of hypochlorous acid to ordi- 
nary glyceric cpiclilorhydrin (i. 894) : 

(C-H-rjg 1 + cino - (C*Hrj§£ 0) ,. 

and from this compound, tho alcohol is obtained by the action of aqueous alkalis : 

(C*H 4 )C1 2 (H0)* + 2KHO * (C«H 4 )^(nO) 4 + 2Kd. 

To prepare propylphycitc, the dichlorhydrin just mentioned, or tlie corresponding 
dichlorobromhydrin (p. 894^ dissolved in 3 vela, alcohol, is mixed with 10 vols. 
water, and gradually with nn excess of finely-divided hydrate o/ barium suspended 
in water, the liquid being ultimately warmed till it becomes inodorous. The baryta 
is then carefully precipitated with sulphuric acid ; the filtrate is exactly neutralised 
with carbonate of lead ; the dissolved lead removed by tmlpk^dric acid ; the chlorine 
by careful addition of silver-carbonate ; any silver still remaining dissolved by sulphy- 
drie acid ; and the solution, Whidh is generally colourless (if not, it must be decolorise^ 
with animal charcoal), is evaporated over the water-bath. The residua, after being re; 
dissolved and evaporated, consists of pure propylphycite. If, however, tbs dichlorhydrin 
used in the preparation is not free from ordinary glyceric dichlorimlrin, the product 
will be contaminated with glycerin. In this case, the solution, freed from barium and 
chlorine, must bo precipitated with basic lead-acetate not added in excess, and the * 
washed precipitate, C , H 4 .H*Ph"0 4 , decomposed by sulphydric acid. 

Propylphycite is a colourless, solid, amorphous mass,* which, on exposure to l£ie air, 
quickly deliquesces to a glutinous liquid. It has a sweetish taste, is easily soluble in 
alcohol, does not decompose at 160°, and, if carefiilly heated, -volatilises with only par- 
tial decomposition. In its chemical relations it resembles phycite, C*H ,# 0 4 . Like the 
sugars, it £ very easily altered by acids, alkalis, and oxidising agents. On evaporating 
it with dilute or bases, it turns brown, and a humus- like body is separated. 
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With cupric oxide and potash, it forms a blue solution, which does not deposit cuprous 
oxide on boiling, even if the propylphycite has previously been treated with dilute 
sulphuric acid. From a neutral silver-solution, it reduces the metal at the boiling 
heat; from an ammoniacal solution, even at ordinary temperatures. ° 

Propylphycite contains four atoms of hydrogen replaceable by metals or other 
radicles, two of them apparently with greater facility than the other two. In concen- 
trated solution it takes up lime, baryta, lead-oxide, and even lead- or silver-carbonate. 
The solution containing lime, baryta, or lead-oxide yields, with alcohol, white bulky 
precipitates, soluble in water, and decomposible by carbonic acid. The lead-compound, 
in aqueous solution, is not completely decomposed by sulphydric acid, the filtrate still 
giving a precipitate with sulphide of ammonium. - The compound formed on adding 
basic acetate of lead to a solution of propylphycite, is a bulky precipitate, soon 
becoming granular, and containing C , H‘.H !4 Pb"0 4 . c ’ * 

tropropylp&y ci te % C t H 4 .H?(Np ie )0 4 l is formed by dropping a scarcely liquid solution 
df ^propylphycite into cooled funytng nitric acid, and separates, on pouring the liquid 
into water, as a colourless viscid mass, nearly insoluble m water, but soluble in alco- 
hol and ether. r The nitro-compound becomes mobile at 100°, distils for the most part 
without decomposition, if carefully heated, but w^en .quickly . heated, decomposes sud- 
denly, though without explosion. Zinc and hydrochloric acid, added to its alcoholic 
solution, produce chloride of ammonium and propylphycite. 

TRXTTL7B7CITZO or 4 PKOPT&PHTCZTZC ACX3>. C’H'G* * 
(Carius, loo. cit .^ — Produced by dissolving propylphycite in nitric 

acid of specific gravity 1*2, diluted with an equal volume of water, repeatedly evapo- 
rating the solution, neutralising with carbonate of barium, filtering from oxalate of 
barium, and precipitating the concentrated filtrfcte with alcohol. The acid, separated 
from the’ barium-salt by sulphuric acid, is a colourless, amorphous, strongly acid, 
deliquescent mass, which decomposes at 160°, either in the froe state or combined with 
bases, yielding oxalic, acetic, and perhaps also glycollic acid. 

'fhe propylphycite tes, excepting the lead- ana silver-salts, are easily soluble; the 
silver-salt is very _quiekly reduced in ammoniacal solution. — The acid barium-salt , 
C®H 1# Ba'^p :o C a H 4 Ba"U 5 .C 3 H°O s , is an indistinctly crystalline powder. — The arid 
calcium-salt , C®H>*Ca #r O ,# = C*H 4 Ca".0 4 ,C 3 II 8 0 A , is not crystallisable, but is precipi- 
tated by alcohol from its aqueous solution in flocks. — The acid lead-salt , C*H l# Pb*0 — 
C , H 4 Pb*'O^C s H fl O I , precipitated by neutral lead-acetate, is flocculent at first, but 
afterward? changes to a crystalline powder, composed of microscopic prisms. — The 

normal hWtsalt, CHIWVO 4 , precipitated by basic lead-acetate, is an amorphous 
powder. 

TRXTTLPBTOZTZO or PKOPTLPHYCITIO DICHLORHYDRIW. 

C*n“Cl sl O* •» C a H 4 .Cl*(H0*). Glycerylcnic Dichlorhydroxylate. (Carius, foe. cit.)--- 
This compound is formed, as already stated (p. 893)j by addition of hypochlorous acid 
to glyceric epichioihydriu. - „ 

To prepare it, epicklorhydrin is added in the dark^ and with frequent agitation, to 
a cooled solution of hypochlorous acid (prepared by passing chlorine-gas into water in 
which mercuric oxido is suspended, and containing from 6 to 8 per cent, of the acid), 
till the odopr becomes barely porceptible ; the solution, filtered from mercuric oxychlo- 
ride and diluted, is immediately troated with sulphydric acid gas, till the excess of 
hypochlorous acid is decomposed and the mercury is precipitated ; the filtrate is 
then saturated with common salt ; afrd the diehlorhydrin, already partly separated as 
an oily liquid, is further extracted by agitation with ether, and purified, after evapo- 
ration or the ether, by heating it to 160° — 170° in a stream of dry carbonic 
anhydride, whereby any glyceric diehlorhydrin formed at the same time is decomposed. 

Propylphycitic diehlorhydrin, thus obtained, is a liquid, rather mobile when warm, 
but of tho consistence of glycerin at ordinary temperatures ; it is heavier than water, 
has a somewhat rancid odour, dissolves easily in alcohol and in ether, but is nearly inso- 
luble in salt-water. When heated above 200°, it decomposes, giving off hydrochloric 
acid, and vapours smolling of acrolein. By potash in aqueous solution, it is easily 
converted into propylphycite : 

C#H i(HO)* + 2KH0 ~ °H^}° 4 + 2KCL 

TRXTWBTOXTZO or PROPTLfBYCXTZO SSCnOBOBSOMBY- 
BBSVf C B H 4 j jjcP r » ** produced by heating 1 at, of the diehlorhydrin to 120°, in 
sealed tubes, with 1 at dry bromine. It is a mobile liquid, having a sharp odour, decom- 
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tritylphtcitic ethers— tropine. 

posing at 160°, insoluble in water, but decomposed by it, with separation of bromine 
and hydrochloric acid. With alkalis, it reacts like the dichlorhydrin. (Carius.) 

TniTTZiPETCZTZC or PBOVYIVBTOXTXO ITBSEB. (C a r i us, loc. eit ) 
— Diaceto-propy!pkycitr> C 3 H^H*(C*H a 0) 2 0 \ is obtained by heating the dichlorhydrin to 
100° with sodic acetate and glacial acetic acid, neutralising with sodic carbonate, and 
exhausting with ether. It is a viscid^ bitter liquid, easily soluble in water, not capable 
of being distilled without decomposition. Baryta decomposes it into acetic acid and 
propylphycite. 

Trivlhylpropylphycite, C*H 4 .H(C a H # )*0\ is produced by gradually mixing an alco- 
holic solution of the dichlorobromhydrin with diluted ana cooled sodium-cthylate* or 
by heating it to 150° with absolute alcohol. It is a colourless, faintly smelling liquid, 
easily soluble in water and in potash-ley, heavier than water, and dissolving calcium- 
chloride in considerable quantity. % Boiling-point = 192*8° at 0*758 met. Vapour- 
density, obs. *» 6 65 ; calc. « 6*79. ^ 

Tetrethylpropylpkycite , C , H 4 (C*H 4 ) 4 O l , is produced, as shown by the equation: - 

* < ^ H>I “ NaI + | ^*> 0 

by warming the triethyl ic.ether with sodium as long as hydrogen is thereby evolved, 
and distilling the resulting sodium-compound with an equivalent quantity of ethy lie 
iodide. It is a rather mobile colourless liquid, which boils between 150° and 160°,* 
and exhibits, more plainly thnn tho preceding compound, the odour of sugar hooted 
above its melting-point. *v. 

Diaceto-diethylpr&pylphycite, C*II 4 (C / H 3 0) ? (C J lT l ) y 0 4 l is formed, together with 
ethylic acetate, by heating triethylpropylphycitcfto 150° for several hours, with 3 vola^ 
glacial acetic acid. If. is a thick colorless liquid, which boils at about '2109, and hr 
decomposed by baryta-water into barium -acetate, and a liquid compound qpMlft |HC' 
water, probably consisting of dicthyipropylphycite. * 

TROMBOLZTE. Syn. with Thromjiolitb (p. 788). * 

TXtONA. Nativ i to tmsudic carbonate, or sesquicarbonSto, 2NaJ[0.H 2 0.80O < ^ttq, 
(See Caiibonaths, i. 796.) 4 ' 

TROOSTZTS. A silicate of manganese und zinc, from Sterling, in New J ersey 
(r* 254). * ;• ./ '■ 

TROPJEOLZO AOXBi See tho next, article. 

TROPJBOXtXTBf. The common nasturtium, TropmcHum 'mqjut, contains igp 100 
pts., besides the ordinary plant-constituents, 2*1 pts. volatile oil, 8'6,lufcs|r2 3 silica, 
and 0*9 of a peculiar acid called tropeeolic acid. The volatile oil and tropseolio 
acid are found in the entire plant, especially in tho fruit* and seed -coatings. JTne vo- 
latile oil has a peculiar odour, a sharp burning taste, and reddens tho skin. 

Tropreolic acid is extracted from the herb or the seed with alcohol; and on 
boiling the solution with water, and evaporating the filtrate, the acid crystallises 
in slender needles. It is white, reddens litmus strongly, afid forms mystallisalrla 
salts with potash and soda (Miller, Ann, Ch. Pharm. xxv. 2Q0). Whether this 
body is really a peculiar acjcf, further investigation must decide. According to expe- 
riments by v. Payr, communicated by Rochleder (Jaferesb. 1857* p. 522), the 
crystals obtained by Muller were nothing but sulphate of potassium, which, however, 
does not agree with Muller's statement tnat they were soluble in alcohol ami ether. 

The seeds and flower-buds of TV. majus pickled with vinegar* are sometimes used 
instead of capers. 

Tftoma* C"H ,4 NO. (Kraut, Atm. Ch. Pharm. cravin'. 280; cxatxni. 87; 
Jahreab. 1863, p. 448; 18<fS, p. 448.) — An organic base, produced, together with 
atropic acid,* by the decomposition of atropine with alkalis : 

C IT H w NO» - C*H*e* + C*H u NO.‘ 

Atropine. Atropic acid. Tropin*#- 1 

Atropine, heated with hot saturated baryta-water, disappears almost entirely, while 
only traces of a volatile base are produced. On precipitating the baryta from the re- 
sulting solution by carbonic acid, atropate of tropine remains in solution ; and on 
agitating the filtered liquid with hydrochloric acid and ether, the atropic acid is dis- 
solved by the ether, while hydrochlorate of tropine remains in the watery liquid. The 
base separated from this salt by silver-oxide solidifies in the crystalline form over oil 
of vitriol, and, when distilled at a temperature above 230°, passes over as a turpen- 
tine-like mass, and ultimately forms crystals containing 

♦ The name ** Atropic acid " has also been given to ifl iwpwhctlf known sold, hU by Bicktir to 
exlrt in belladonna (i. 474). 
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Atropine is likewise resolved into atropic acid and tropine, by the action of faming 
hydrochloric acid. 

Tropine is inodorous in the cold, but gives off odorous vapours when heated. It 
has a strong alkaline reaction, dissolves easily in water and in alcohol, and remains 
as an oil on evaporation. From solution in anhydrous ether, it crystallises over oil of 
vitriol in colourless anhydrous tables, C # H 16 NO, which melt at 61-2°. It does not 
absorb carbonic acid from the air, forms salts which crystallise well, and its aqueous 
solution precipitates the oxides of silver and copper, the precipitates not being soluble 
in excess of the reagent. From the solution of hydrochlorate of tropine, CH l# NO.HCl, 
strong potash-ley throws down oily drops, soluble in ether and in water. 

The chhroplatinate , 2(C 8 H l8 NO.HCl).PtCl l , forms large orange-red crystals, easily 
soluble in water, but insoluble in alcohol. ‘ The double sal&s formod by the hydro- 
chlorate with mercuric chloride, and by the hydriodate with mercuric iodide, are also 
sparingly soluble, and easily crystallisable. Auric chloride forms, in the solution of 
the hydroehlorate, a yellow precipitate, which melts and dissolves in warm water, and 
then crystallises. — Vicrate of tropine , C 8 H 13 N0.C 6 H # (K0 2 ) , 0, is a yellow precipitate, 
which crystallises from water in needleB. — Atropate of tropin e t C*H ,4 N0 a .C*H 8 0 2 . 
4H 2 0, is un crystallisable, nearly solid,- and ropy at ordinary temperatures, deliquescent 
at higher temperatures. In a 2 per cent, aqueous solution it does not produce dilata- 
tion of the pupil. 

Tropine is not decomposed by boiling with hydriodic acid, or by heating to 140°, 
with hyd rochlorie acid. When distilled with dry hydrate of barium, it gives off am- 
monia and metbylamine, together with other products. 

Hydriodate of Ethyltrop ine t C 8 H H (C*II s )NO.HI, is easily formed by dissolv- 
ing tropine in ethylic iodide. The free baso separated from it by Bilver-oxide is a 
brown amorphous mass, which is insoluble in ether, soluble in absolute alcohol, and docs 
not take up another atom of ethyl when treated with ethylic iodide. — The platinum- 
salt, , 2rC B H l \C*H s )NO.HCl].PtCl\ is a light-yellow crystalline powder, precipi table by 
alcohol. 

j a l «uji'FLB, Tuber cibarium ( Lycopodon tuber , L.). — An edible fungus, belong- 
ing to the family of the Gasteromycetes, forming round, blackish, warty knobs, 
yellowish-white within, veined like nutmegs, having a peculiar, agreeable, musklike 
odour, and aromatic taste. Truffles grow underground, often in groups : they occur in 
all temperate climates, especially in oak, beech, and chestnut- woods, and thrive best in 
a calcareous marly soil. 

The aroma of the truffle is very volatile, and passes over with water in distillation. 
According to Lefort, truffles, when perfectly ripe, contain about 70 per cent, water. 
The organic constituents of the truffle are mannite, malic acid, citric acid, a non- 
saponifiable fat, besides the ordinary constituents of vegetable substances. Glucose, 
which (according to Vauquelin, IJraconnot, and Lefort) occurs in Agaricus 
edulis, is not found in truffles (according to Lefort). The peculiar odoriferous prin- 
ciple of the truffle does not belong to the class of volatile oils : the colouring-matter 
exists chiefly in the spores. 

TSCBBrrxSXffXTB or TSCBlIWJUXSim. A silieotitanate of irou, 
cerium, &c., occurring massive and apparently amorphous, near Minsk in the Ilmen 
Mountains. It is nearly opaque, with velvet-black colour, dark-brown streak, and 
strong vitreous lustre. Hardness = 5*0 to 6*5. Specific gravity ** 4*50 to 4*56. 
Fracture flat conchoidal. When heated before the blowpipe, it quickly glows, swells 
up very strongly, turns brown, and melts to a black bead. With fluxes it gives the 
reactions of iron, manganese, and silica. When heated in a tube, it leaves a little 
water. It dissolves in hydrochloric acid, leaving a jelly of silica. It contains, ac- 
cording to an approximate analysis by H. Rose (Pogg. Ann. lxii. 691) : 

SIO*. TiO*. OeO ; Lw O; DIO . FeO. CaO. M*0. MoO. K*0 ; Na O. 

2104 . 20*17 47*29 11*21 3 50 0*22 0*83 ^12; 

whence its composition appears to be expressible by the formula M"Si0 8 .M"Ti0 8 . 
A mineral from Coromandel, analysed fly Dam our (Jahresb. 1861, p. 824) appears to 
have the same composition. Another mineral, analysed by Schubin (Berz. Jahresb. 
xx vi. 373), and designated as tschewkinite, has been shown by Xokscharow to consist 
of orthite. 

TSCHMV Chinese coins of brass-yellow to bronze-yellow colour, containing (in 
100 pts.) 66 to 64 per cent, copper, 26 to 36 zinc, generally from 1 to 2 per cent. tin. 

2 to 4 per cent, iron, and between 1 and 6 per cent, lead ; some of them contain also 
small quantities of antimony, arsenic, and nickel. (Popplein, Chem. Centr. I860, 
p. 484.) 
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T808SRW101T& Ammonia-alum (p. 580), occurring in n bod of lignite at 
Tschermig in Bohemia; also, according to Peters (Leonh. Jahresb. f. Min. 1861, 
p. 566), in that of Tokod, near Gran in Hungary. 

TSCBSWSZiriTI. Syn. with TsckeFfkinith, 

TSCHONNOSEXU. Russian black earth. (See Soils, p. 344.) 

TSB-HOara. A mixture of white lead with alumina, ferric oxide, and silica, used 
by the Chinese as a red colour for painting on porcelain. (Salv^tat.) 

XSnro-XaZBSr is another red colour, used for porcelain-painting, consisting chiefly 
of stannic and plumbic silicates, together with small quantities of oxide of copper, or 
cobalt and metallic gold. (Salvitut.) a 41 

TtJBBS. CXBASXVM. Syn. with Tbufflb. 

TUEStTE A mineral allied to lithomarge or kaolin, occurring on the banks of 
the Tweed. It is massive, compact, with a bluish-white colour, and slightly waxy to 
dull lustre ; opaque ; sectile. Hardness » 2*5. Specific gravity =* 2*4 to 2*6. Before 
the blowpipo it becomes light-blue and brittle, and forms a colourless glahs with borax. 
The following analyses are by Thompson and Hi chard son (Thomson's Outlines of 
Mineralogy, i. 244) : 

SiO*. AW. CuO. MrO. FeO. H^O. 

44*30 40*40 0*75 0*50 . . 13 50 « 99*45. 

43*80 40*10 0*04 0*55 0*94 14*21 *= 100*24. 

jnrPA l CA1CABEOUS. This name is applied to agaric mineral, or roek»milk 
(iii. 697), when so hard ah not to be friable. 

TUFA, VOLCANIC. Earthy or compact masses with white fracture, consisting 
of the hardened mud formed by mixture of volcanic ash (i. 420) with water. 

W TXTLIP-TEE1. Liriodertdron tvliptfera Tho root-bnrk of this tree is said by 
Emmet to contain a crystallisablo bitter principle CHllrd liriodendrin (iii. 72f$J, 
which, however, Bouehnrdat was unable to prepare. Tim latter, howevor, obtained from 
tulip-troe bnrk a crystalline hotly, which lie culled pi peri n. 

TTOtrcVWA, TULICOONA, or TALLZCOOVA OIL. Syn. With Cakapa- 
oil (i. 749). 

TVLUCUSfXV. C ::0 H N O , . — A crystallisuble bitter principle, contained, according 
to Caveutou (J. Pharm. [3], xxxv. 189; Jahrosb. 1869, p. 683), in the bark of 
Carapa Tulucuna . Is is prepared by exhausting tho aqueous extract of the hark with 
alcohol, mixing tho solution with milk of lime, evaporating it after the insoluble 
matter has settled down, and treating tho residue with chloroform. The resulting 
solution, when left to evaporate, yields tnlucunin as a light-yellow, amorphous, 
re.sinous muss, having a very bitter taste, slightly soluble in water, easily soluble in 
alcohol and in chloroform, insoluble in ether. It is turned blue by sulphuric acid in 
the cold, and by oxalic, tartaric, or citric acid when heated. 

TUHOSTATES. See p. 904. 

TU It OSTEEN i also callrd Wolfram. Atomic might ,184. Symbol, W. — A metallic 
element, occurring as tungstate of iron and manganese in woltram, a mineral some- 
what abundant in Cornwall, Saxony Bohemia, and other localities: it occurs also a# 
tungstate of calcium (scheelite or tungsten) in Bohemia, Saxony, and other places; 
and as tungstate of lead (scheeletine) at Zinnwald in Bohemia, JiJeibcrg in Curinthia, 
and in Chile. 

Metallic tungsten is obtained: 1. By heating trioxide of tungsten (tungstic oxide or 
anhydride) to bright redm sg in a stream of hydrogen.— 2. By mixing the trioxide 
to a stiff paste with oil, charring tho mixture, and then heating it intensely 
for several hours in a crucible lined with charcoal. — 3. By passing the vapour of 
tungstic chloride or oxychloride mixed with hydrogen through a red-hot glass tube. 
(Wohler, Ann. Oh. Pharm. xciv. 265.) i 

4. By passing the vapourof tungstic chloride over strongly heated sodium, and washing 
out the resulting sodium-chloride with water. (A. Kicne, Ann. Ch. Pbys. [8j, 1, 6.) 

6. By igniting nitride of tungsten in hydrogen-gas, or in a porcelain crucible sur- 
rounded with charcoal-powder. (Wohler, Jahresb. 1850, p, 303.) 

Tungsten obtained by the first process is described by Wohler as a steel-grey 
powder, which melts into globules at a very intense heat. According to Kicbo, the 
metal obtained as abovo forms small crystalline grains, which acquire metallic 
lustre by burnishing, and scratch glass with facility ; it is infusible in the strongest 
forge-fire, but maybe melted by the current of a Bunsen's battery of 200 pairs, 
being partially oxidised at tho same time, and burning with a blue flame. Tho 
meUri obtained by the second process is also heavy, of iron-grty colour, very hard, 
and difficult of fusion. The third process yields the metal as a shining, dark steel* 
grey, specular deposit, which may be detached from the glass in bard brittle crusts. 
Vou V. 3 M 
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TUNGSTEN : ALLOYS— BROMIDES. 

The specific gravity of tungsten reduced by hydrogen is 17*2 to 17*6 (Wohler) ; 17 9to 
18*2 (Bernoulli, Jahresb. 1860, p. 152); that of the metal reduced by charcoal is '17*1 
to 17*2 (Bernoulli) ; of that reduced from the chloride by hydrogen, 16*54. (Wohler.) 

Tungsten reduced from the nitride (4) is pulverulent, and has a specific gravity of 17*5 ; 
that obtained by igniting acid potassium-tungstate in hydrogen, has a specific gravity 
of 18*26. (Wohler.) 

Pulverulent tungsten heated in the air, burns easily to tungstic oxide ; hut compact 
tungsten may be heated in the air without sensible change, excepting at the very high 
temperature of the electric current, as above mentioned. Nitric acid and nitromuriatic 
acid convert tungsten into tungstic acid, and the same change is produced by heating 
it in contact with the alkalis or with nitre. Pulverulent tungsten is also oxidised and 
dissolved, by boiling it in a solution of caustic alkalis or alkaline carbonates. 

Tungsten forms two classes of compounds, in one of which it is -tetratomic, and in 
the other hexatomic : 

Tungstous Chloride, WC1*. Tungstic Chloride, WC1*. 

Tungstous Oxide, WO*. Tungstic Oxide, WO*. 

There are also compounds of intermediate composition, which may be regarded as 
resulting from the union of tungstous and tungstic compounds: e.g. t W 2 C1 , ° «=» 
WCF.WCl*. 

TUNOSTElir, ALLOTS OF. These alloys have not been much studied. 
W ohler and Michel (Ann. Ch. Pharm. cxv. 102), by fusing 15 pts. tungsten-trioxide, 
30 pts. cryolite, 30 pts. of a mixture of potassium- and sodium-chloride in equivalent 
proportions, and 15 pts. aluminium at a full red heat, obtained a regulus, which, 
when the excess of aluminium was dissolved out by dilute hydrochloric acid, left an 
alloy of tungsten and aluminium, A1*W, ns an iron-grey crystalline powder, of specific 
gravity 5*58, and appearing under the microscope to consist of rhombic prisms. This 
alloy is not attacked by concentrated acids in the cold, but is oxidised by hot nitric 
acid, with separation of yellow tungstic acid. Hydrochloric acid dissolves it with 
deep brown colour. It is decomposed by hot soda-ley, which dissolves tho aluminium, 
and leaves pure tungsten. 

Tungsten alloyed with steel in the proportion of 9 or 10 pts. of the former to 90° of 
tho latter, yields an alloy of extraordinary hardness. According to F. A. Bernoulli, 
(Pogg. Ann. cxi. 673; Jahresb. 1860, p. 153), a very hard tuiigstiferous cast-stool 
may bo obtained by fusing turnings of grey cast-iron with tungsten-trioxide. Tho 
reduction of this oxide to metallic tungsten is effected only by the mechanically mixed 
carbon of the grey cast-iron, not by that which is chemically combined with tho iron ; 
accordingly, white cast-iron fused with tungsten-trioxide does not yield tungsten-stool, 
and after addition of charcoal merely an alloy of tungsten and iron. 

Copper, lead, zinc, antimony, bismuth, cobalt, and nickel unite with tungsten, only 
when the two metals are simultaneously reduced from their oxides. Tho alloys which 
they form are so difficultly fusible, that those which contain more than 10 per cent, 
tungsten do not yield roguline masses ; and those which contain volatile metals decom- 
pose when strongly heated, leaving nothing but motallic tungsten. Iron is tho only 
metal which alloys with tungsten in all proportions up to 80 per cent, of the latter, with 
which proportion a mass is formed, not fusible at any attainable temperature. 
(Bernoulli.) 

WirOBTBXr, BAOMIDZfi OF. (Bonnet, J. pr. Chcm. x. 206.— -Bore k, 
ibid. liv. 254 ; Jahresb. 1851, p. 344. — Riche, Ann. Cb. Phys. L 5 ; Jahresb. 1857, 
p. 185. — Blomstrand, J. pr. Chem. lxxxii. 408; Jahresb. 1861, p. 227.) — Tungsten 
heated in bromine- vapour unites directly with it, forming products, the composition of 
which has been variously stated by different chemists. According to Borck, the pro- 
duct consists partly of the tetrabromide, or tungstous bromide, WBr*; partly 
of the pontabromid e, or tungstos o-tungstic bromide, W s Br 10 *■ WBri.WBr*, 
both of which sublime in black needles, the former, howover, being more volatile than 
the latter, and very deliquescent. — According to Riche, tungsten heated to redness in 
bromine-vapour, is converted into the hexbromide or tungstic bromide, WBr®, 
partly in the form of a fused mass, partly in sublimed needles, of a chestnut-brown 
colour. This compound, when exposed to moist air, is converted superficially into the 
violet oxybromidc, WBr*0, and finally into tungstic acid ; water converts it immedi- 
ately into tungstic acid, with brisk effervescence. — According to Blomstrand, the pro- 
duct of the action of bromi no- vapour on heated tungsten consists mainly of the penta- 
bromide, W*Br l# (probably resulting from the combination of WBr* and WBr*), mixed, 
if air and moisture have not been exclude, with the oxybromidee*WBr*0 and WBr*O a . 
The black needles, described by Borck as the tetrabromide, consist, according to 
Blomstrand, of the former of these oxyhroniides. 

The pentabromide,or tungstoso-tu ngetic bromide, W^Br 1 *, after repeated 
sublimation, has a bluish-black colour ; it boils and sublimes near its melting-point. 
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giving off a dark purplo-red vapour, which, on cooling, condenses to a compact crystal- 
line mass, or to shining quadratic prisms. In contact with water or moist air, it is 
converted into hydrobromic acid and blue oxide of tungsten, W^O 4 . Alkalis dissolve 
it, without evolution of hydrogen. When heated in contact with the air, it is converted 
into the oxybromide, WBriO 1 , which sublimes. (Borck.) 

Oxy bro m ide a, — Two of these compounds are known, derived from tungstic oxide, 
WO 1 , by replacement of 1 and 2 at. oxygen by equivalent quantities of bromine.— 
Tungstic dioxy bromide, WBi^O* or WBr*.2W0\ first observed by Bonnet, is formed, 
together with the pentobromide,in the first stage of the reaction of bromine on metallic 
tungsten when air is not completely excluded ; and in a purer state by the action of 
bromine on the dioxide. It forms yellow crystalline scales, of the colour of brass or 
mosaic gold. It is infusible, is resolved by heat into tungstic oxide and tungstic mon- 
oxybromide, and converted by water into tungstic acid. (Blomstrand.) 

The monoxybromide , WBr‘0 — 2WBr*.W0 1 (described by Borck as the tetrabromide, 
p. 898), is best obtained by the action of bromine, at a gentle heat, on sulphide of 
tungsten (prepared in the wet way), or upon a mixture of tungstic oxide and charcoal; 
it likewise invariably occurs, as an intermediate product, when the pentabromida and 
the dioxybromide are simultaneously produced. Its colour is vsty much like that of the 
pen Inbromide, only of & lighter black-brown ; its vapour is brown-red ; it crystal- 
lises in woolly needles, and yields tungstic acid with water. (Blomstrand.) 

The compound W v Br 1# .W'0 5 , described by Bonnet, does not Appear to exist. 

TOTTOBTSUr, CB1.0RZDBB or. (Wohler, Fogg. Ann. ii. 845.— Mala guti, 
Bi*rz. Jahresb. xv. 103. — H. Rose, ibid, xviii. 200. — Borck, J. pr, Chera. liv. 254; 
Jahresb. 1851, p. 345. — Riche, Ann. Ch. Phys. [3], 1. 5; Jahresb. 1856, p. 872; 
1857, p. 184. — Blomstrand, J. pr. Chem. lxxxii. 408; Jahresb. 1861, p. 228. — 
Forcher, Wien. Akad. Ber. xliv. 169; Jahresb. 1861, p. 232. — Dobray, Compt. 
rend. lx. 820; Jahresb. 1865, p. 212,)-~-Chlorme I like bromine, acts directly upon 
tungsten, forming products, the composition of which has been variously stated 
by different chemists. According to recent investigations, however, the compounds 
obtained by heating metallic tungsten in dry chlorine-gas, are WCl 1 and W’Cl 11 , 
analogous to the oromidcs ; but the hexchloride is more easily obtained in the 
separate state than the hexbromide, apparently because a lower temperature is suffi- 
cient for its formation. If oxygen is present, oxychlorides arc also formed, analogous 
to the oxybiumiden above described. According to Wohler and Borck, the tetrachlo- 
ride, WCl 4 , is obtained, as a dark -red compound, by heating tungsten in chlorine-gas ; 
but, according to Blomstrand, this red product is obtained only when oxygon is 
present, and is really an oxychloride ; the tetrachloride, indeed, does not appear to 
exist, at least in the separate state, not being formed even when one of the higher 
chlorides is heated in hydrogen-gas (Blomstrand). Riche, on the other hand, states 
that it is produced in this manner, but is very difficult to obtain pure, being easily 
resolved into the hexchloride and metallic tungsten. 

Hexchloride of Thtngsten, or I'ungstic Chloride, WCl - ,— -This compound 
is formed, together with the following, when tungsten burns in chlorine-gas ; in 
smaller quantity also by heating sulphide of tungsten in chlorine ; and, together with 
oxychlorides, by the action of chlorine on an ignited mixture of tungstic oxide and 
charcoal. It is loss volatile than the pentachloride and oxychlorides, which may there- 
fore be removed from it by sublimation. It forms dark-violet scales, or fused crusts, 
having a Mackish-grey colour and bluish metallic iridescence; by careful sublima- 
tion it may be obtained in blackish-violet needles having a metallic aspect. It melts 
at 183° (Cahours), at 180° (Forcher), to a black liquid, and yiolde a dark-red 
vapour (Forcher); reddish -yellow (Blomstrand); it decrepitate* on cooling 
(Blomstrand). The vapour-denaiiy, taken at the heatof boiling mercury, is, accord- 
ing to Debray, 11*50 ; at the heatof boiling sulphur, 11*86; the calculated density 
for a two-volume condensation is 13*75, which is considerably higher than the experi- 
mental numbers. Debray observes, however, that it is very difficult to obtain the 
hexchloride quite free from pentachloride (which has a lower vapour-density) even by 
repeated sublimation in chlorine-gas.* The hexchloride, heated in contact with the 
air, is converted into cinnabar-red flocks of WC1 4 0, and soft yellowish -white flocks of 
hydrated tungstic acid, WR’OMIK), or W0V2H 2 0 ; in moist air, or in contact with 
water, it is completely resolved into hydrochloric and tungstic acids. It dissolves in 
alkalis, forming tungstates ; with alcohol it yields ethylic chloride and blue tungsten- 


• J.Perifii (Ana. Cb. Fby*. [4], ». W ; J»br«b. 1*63, p. 213) rfgsrd* toegiteo at a metal tftojlf 
Ins to the artroic end ant-monr g> oup. Its oxldr* b«, t g reprewyted fay the fonnuj* i o*CJ,Tu*g*. 
Tu*0», the chloride* and bromide* be corresponding formula, and i he *« safe IkSSiJhJ 
1M3. According to this slew, the vapour-density of tungstic chloride, TuCi*, abode be 

ift3 3 + 3 . 31* 6 g (H693 b It ’46, which agree* very nearly with De»llk*i determination. 

* 3x2 
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oxide, W 2 0», which, in contact with the air, is quickly converted into yellow tungstic 
oxide. (Fore her.) 

The Pentachloride , or Tungsto&o-tungstic Chloride , W*CI ,f -WCl 4 .WCl* 
is produced by the combustion of metallic tungsten in chlorine, and in smaller 
quantity by heating the sulphide in chlorine, mixed in both oases with the hexchlo- 
ride, from which, and from the oxychloride formed at the same time, if moisture is 
present, it may be separated by sublimation, as its boiling-point lies midway between 
that of the hexchloride and that of the oxychloride (Forcher). The pcntachlorido 
is likewise obtained by gently heating nitride of tungsten in chlorine-gas, and by the 
action of chlorine on an ignited mixture of tungstic oxido and charcoal. 

Pentachloride of tungsten forms dark-Ted needles, or larger crystals of a purple-red 
colour. It is more volatile than the hexchloride, melts to chirk-red drops, and its 
vapour, which resembles nitrous anhydride, quickly condenses in soft crystallino 
masses. By water or moist air it is converted into yollowish-green tungstic acid; 
alkalis dissolve it slowly, with evolution of hydrogen, and transient-blue coloration, 
forming solutions of tungstates. (Forclier.) 

According to B1 om strand, on the other hand, the pentachloride is much less 
volatile than tho hoxchloride, and to obtain it pure, the mixture of pentachloride and 
hexchloride, produced as abovo, must bo heated in an atmosphere of hydrogen ; care 
being taken that the heat does not rise too high, in which case metallic tungsten 
would be separated. The pentachlori tie thus obtained may be rosublimed in hydro- 
gen-gas, or bettor in carbonic anhydrido. Its colour is like that of the hexchloride, 
but of a darker blackish-grey, without the violet tint. It melts and volatilises much 
less easily than tho hexchloride; yields a greenish-yellow gas ; crystallises readily 
in shining blackish needles ; and solidities from fusion in tho er}' stall ire form. Water 
decomposes it, with considerable rise of temperature, and separation of a blue-black 
oxide, while the liquid assumes a deep greenish-yellow colour, which it loses after 
some timo, and more quickly when heated, depositing a greenish precipitate. The 
same appearances, but with deeper colours, are produced by troating the compound 
with alkalis or with hydrochloric acid. 

It is clear, from the preceding statements, that the so-called pentachlori dos obtained 
by Blomstrand and by Forcher were not identical. It is most probable that Forcher’ s 
compound is tho true pentachloride, inasmuch as li’che (Jahrcsb. lfioG, p. 373), by 
heating the hoxchloride in hydrogen-gas, obtained, not tho pontachloride, but tho 
tetrachloride, WC1\ though he states that this compound is very difficult 1o preparo 
in a deflnito state, being easily resolved, by too strong a heat, into metallic tungsten 
and the hoxchlorido. Altogether tho chemistry of tho chlorides and bromides of 
tungsten is still in a very unsatisfactory state, and requires further investi gat ion. 

Oxychlorides. — Two of those compoundsare known, analogous to tho oxybromklea, 
and producible by similar reactions . — Tungstic dioxychloride, WC1”0-, or WClViWO’, 
is most easily propured by heating tho dioxide in chlorinc-gas ; it is also produced, in 
considerable quantity, when a mixture of the trioxido and charcoal is ignited iu 
chlorine-gas, especially when tho proportion of charcoal to tungstic oxido is as & : 1 or 
4:1. Blue oxide of tungsten also yields this compound when heated in chlorine, 
cither alono or with charcoal ; and it is even produced, though in small quantity and 
impure, when dry chlorino is passed over native wolfram, finely pulverised and ignited 
(Forcher). The dioxychloride formB lemon-yellow or deep golden-yellow docks, or 
Bhining scales, which volatilise between 265° and 267°, in vapours of a deep but pure 
yellow colour (colourless, according to Blomstrand). It is converted, slowly by 
moist air, more quickly by water, into hydrochloric acid and yellow hydrated tungstic 
acid, WIDOMPO. Alkalis dissolve it, forming tungstates. (Forcher.) 

The monoxy chloride, WCBO, or 2WCl 6 .WO\ is formed when the preceding com- 
pound is heated, the condition essential to its formation being not so much a high 
temperature, as a sudden raising of the heat above 140^, It is also invariably pro- 
duced, together with the yellow dioxychloride, in the processes above given for the 
preparation of the latter, and when tungsten or the sulphide is burnt in chlorine- 
gas, the presence of air or moisture not being completely excluded. It is of a cinnabar 
or scarlet colour, but sometimes crystallises in slonder needles of a lighter red tint, 
or in orange-yellow flocks made up of slender crystals ; in fused crusts it has a 
carmine colour. It is the most fusible and volatile of all the chlorine-compounds of 
tungsten, and forms a deep reddish-yellow vapour, which, in contact with the air, is 
converted into yellowish- white hydrated tungstic acid. By water and moist air, it is 
quickly converted into hydrochloric and tungstic acids, and by alkalis into a tungstate. 
(Blomstrand; Forcher.) 

The vapour-density of this oxychloride was found by Debray to be 10*74 at the 
temperature of boilipg mercury, 10 27 at that of boiling sulphur. The density, ealeu- 
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lated from the formula WC1 4 0, for a two-volume condensation, in 11*86 ; according to 
the formula and atomic weight proposed by Per so z (footnote, p. 809), it is 9*87. 

xtnraBTw, sirxcrzoir ahb sstimatiomt oi\ l. Blowpipe 
Reactions. — All tungsten -compounds form colourless beads with borax and phos- 
phorus-salt, in the outer blowpipe-dame. With borax, in the inner flame, they form a 
yellow glass, if the quantity of tungsten is Bomewhat considerable, but colourless with 
a smaller quantity. With phosphorus-salt in the inner flame they form a glass of a 
pure blue colour, unless metallic oxides are present, which modify it, ; in presohae of 
iron, the glans is blood-red, but the addition of metallic tiu renders it blue. 

2. Reactions in Solut ion.— The only soluble compounds of tungsten are the 
tungstates of the alkali-metals and alkaline earth-metals, most of the motatungstatea 
(formed from ordinary tungstates by addition of tungstic acid or abstraction of port of 
the base), and certain sulpho tungstates. Insoluble tungsten-compounds may be decom- 
posed by fusion with alkaline carbonate and nitrate, whereby an alkaline tungstate is 
formed, which may be dissolved out by water. Tko behaviour of tungsten-solutions 
towards many reagents, differs according as the solution contains ordinary tungstio 
acid or metatungstic acid, the met at misstates being more soluble than the corre- 
sponding tungstates ; but the following characters are common to both modifications 

1. A soluble tungstate, supersaturated with sulphuric, hydrochloric, phosphoric, 
oxalic, or acetic acid, yields, on the introduction of a piece of sit k\ a beautiful blue 
colour, arising from the formation of blue oxklo of tuugstou ; this effect is not. produced 
with nitric, tartaric, or citric acid. — A solublo tungstate, mixed with sulphide of am- 
monium, , and then with excess of acid, yields a light-brown precipitate of tungstio 
sulphide, soluble in sulphide of ammonium. — Sulphydric acid docs not prccipit ito the 
acidulated solution of a tungstate, but turns it blue, owing to the formation of the blue 
oxide. These characters, together with the blowpipo-reiudions, are sufficient to dis- 
tinguish tungsten from all other metals. The distinguishing characters of tungstates 
and motatungstates will bo described further on (pp. 906, 912), 

3. Estimation and Separation. — Tungsten is always estimated in the form of 
tungstic oxide, WO*. When tungHtic acid is present in a solution not. containing any 
other fixed substance, it is sufficient to evaporate to dryness, and ignite tile residue. 
The tungstic oxide is then obtained in a state of purity, and contains 79*3 per cent, of 
the metal. Tungstous oxido, WO*, is easily converted into tungstic oxido by fusion 
with carbonate of sodium. 

The best method of separating tungstic acid from tho fixed alkalis is to treat the 
solution, after exact neutralisation with nitric acid, with a solution of mercurous ni- 
trate. Mercurous tungstate is then precipitated, and tho mercury may be expelled 
from the dry proeipitato by careful ignition in a good draught.. 

The separation of tungstic acid from tho earths may bo effected by decomposing 
the compound with nitric acid , and treating tho docoiux>Obod mass with carbonate of 
ammonia , which dissolves tho tungstic acid. 

Tungstic acid may bo readily separated from many metallic oxides— such as tho 
oxides of iron, mangn.nose, nickel, cobalt, lead, &c. — by fusing tho whole with 
carbonate of sodium, and digesting the fused maws with water, which dissolves tho 
tungstic acid, and loaves tho oxides undissolviHl, 

From ti t a u i c, t a n ta 1 i c, and niobicacids, tungstic acid is separated by ammonia , 
which dissolves only tho latter. The separation is facilitated by addition of amino- 
nium-sttlphide. If, however, tho substance containing these acids lias been ignited, 
mere digestion in ammonia, or sulphide of ammouiura, will not dissolve tho tungsten : 
iu this case it is best to fuse tho mixture wit h sulphur and curlioimlo of sodium, 
whereby the tungsten will be converted into soluble sulphoLungstato of sodium. 

The separation of tungstic from ch romic acid may bo effected by treating tho 
solution with excess of hydrochloric acid,* and boiling with alcohol. Tho chromic acid 
is thereby reduced to chromic oxide, which may bo precipitated by ammonia, 'tho 
tungstic acid remaining in solution. 

. To separate tungstic from molybdic acid, it iB best to dissolve the two in An al- 
kali, add tartaric acid and excess of hydrochloric acid, which produces no proeipitato, 
and throw down the molybdenum as sulphide by sulphydric acid. 

From silicic acid, tungstic acid may be separated by fusing the mixture with acid 
sulphate of potassium^ and digesting the fused mass with water, which will dissolve 
the tungsten as alkaline tungstate, and leave the silica. The tungstic acid ratty then 
be precipitated from the solution by mercurous nitrate. Tungsten has not, however, 
been found in any natural silicate; 

The separation of tungsten from tin is especially important, as wolfram is often 
associated with tin-ores, and tho two metals likewise occur together in many tantalitos 
and columbites. When stannic and tungstic acid exist together in solution, they art 
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easily separated by sulphydric acid, which precipitates the tin from the acidulated 
liquid as stannic sulphide, and leaves the tungsten in solution. When stannic 
and tungstic oxides are mixed together in the solid state, the separation may be 
effected by igniting a weighed quantity of the mixture in a covered porcelain crucible, 
and passing a stream of hydrogen -gas into the crucible, through a hole in the cover. 
The loss of weight thereby occasioned is about equal to that which would correspond 
to the complete, reduction of the tin-oxide to metal, and of the trioxide of tungsten to 
dioxide. The ignited residue is then boiled with hydrochloric acid, the tin is precipi- 
tated from the filtered solution by hydrochloric acid, and the precipitated sulphide is 
converted by roasting into stannic oxide. Lastly, the dioxide of tungsten is converted, 
by ignition in the air, into trioxide, and the latter is weighed. The separation cannot 
be effected by fusing the mixture with acid sulphate of potassium (H. Hose and 
Dexter, Pogg. Ann. xcii. 335; Jahresb. 1854, p. 731). AccordingtoRammeU- 
berg (Pogg. Ann. exx. 66; Jahresb. 1863, p. 678), the separation effected by the 
preceding method is not complete, unless the neat applied is strong enough to reduce 
the tungsten as well as the tin to the metallic state, and in that case a small quantity 
of tin is volatilised. He recommends, as a better method, to ignite the mixture of the 
two oxides repeatedly, and till no more loss of weight takes place, with 6 or 8 pts. of 
sal-ammoniac. To prevent tho deposition of stannic oxide on the outside of the cru- 
cible, it should be enclosed within a larger one, and heated rather quickly. The 
residual tungstic oxide is finally ignited in contact with the air. 

4. Atomic Weight of Tungsten. —The older determinations of the atomic weight of 
this metal, by Berzelius and others, did not lead to correct results. Schneider (Ann. 
Ch. Pharm. Ixxvii. 261), by reducing tungstic oxide, WO®, in a current of hydrogen, 
found that 100 pts. of the oxide yielded 79 316 pts. of metallic tungsten ; and on 
reoxidising the metal, ho found that 79 327 pts. of tungsten yielded 100 pts. of the 
trioxide. The mean of these results gives W = 184*12. Marchan d (ibid. Ixxvii. 
261), by similar experiments of reduction and oxidation, found, as a mean value, 
W = 184*1 ; Borck (J. pr. Chem. liv. 254) found, in like manner, the number 184 ; 
and the same result has been obtained by Dumas (Ann. Ch. Pharm. exiii. 23). 
This last number may be regarded as the true atomic weight of tungsten, supposing, 
as most of the chemical relations of tungsten seem to show, that its highest oxide 
has the composition WO 9 , and the corresponding chloride WC1®. 

Tho proposal of Persoz to regard tungstic oxide as Tu*0*, the corresponding chloride 
as TuCl\ the atomic weight of tungsten being 153 3, has already been noticed (p. 899). 
The agreement of the vapour-density of tungstic chloride calculated from this formula 
with Debmy’s experimental number, is certainly remarkable; but, on tlio other hand, 
the specific heat of tho metal, as determined by Jtcgnault, agrees better with the 
atomic weight 184 (according to the law of Dulong and Petit) than with 153*3 
(see Heat, iii. 30) ; moreover the composition of the tungsten -com pounds is, on the 
whole, more conveniently represented by tbe ordinary formula, than by those suggested 
by Persoz. 

TVNOSTEir, FIiTJORXDS OX*. Tungstic oxide, after ignition, is but sparingly 
dissolved by hydrofluoric acid ; precipitated tungstic acid forms, with hydrofluoric acid, 
a yellow milky liquid, soluble in a large quantity of water. The solution, when slowly 
evaporated, yields a yellow syrup, which at a higher temperature gives off a portion of 
its acid, and solidifies to a greonish fissured mass. .This mass is not decomposed by 
ignition in u close vessel ; it rcdissolves imperfectly in water, forming a milky liquid ; 
the insoluble part consists of tungstic acid, which retains a portion of the hydrofluoric 
acid so obstinately, that the latter can only be expelled by igniting the tungstic acid 
with lumps of ammonium-carbonate. The solution contains tungstic acid, with excess 
of hydrofluoric acid. (Berzelius.) 

Tungstic fluoride, WP, forms, with the more basic metallic fluorides, compounds 
which have not yet been isolated, and are known only in combination with tungstates 
(Berzelius). These double oxy fluorides, which are produced by treating tungstates 
with hydrofluoric acid, appear to be isomorphous with the corresponding fluosili cates, 
fluostnnuatos, and fluotitanates. Thus cupric oxyfluotungstate, CuW0 2 F\ and cuprio 
fluotitanate, CuTiF®, form isomorphous compounds with fluoride of ammonium ; whence 
it appears as if oxygen could, in certain cases, replace fluorine atom for atom, although 
the ratio of the atomic weights of these elements is not the same os that of their 
equivalents. (Marignac, Ann. Ch. Pharm. exxv. 362; Jahresb. 1862, p. 144.) 

TWCMTBIf BCy aXAt i Native tungstate of calcium, also called scheelite 
(p. 907). ' 

TV II WTflMf mTXXSB 02% When either of the chlorides of tungsten is 
placed at the soaled end of a long glass tube, and in front of it a few dried lumps of 
sal-ammoniac, the empty part of the tube then heated to redness, and the heat 
gradually oxteuded to the closed cud, so that the two salts may be volatilised and 



TUNGSTEN : OXIDES. 90 S 

mix in the gaseous form at a red heat, double decomposition takes place ; and after 
the excess of sal-ammoniac has been removed, the entire inner surface of the tube is 
found to be covered with ablack specular semimetaUic coating, which may be separated, 
partly in brittle crusts, partly as a black powder. This product consists either of 
nitride of tungsten, or of a compound of that substance with an amido of tungsten, 
called by Wohler tungsten-nitretamide, and containing either 2WN*.W(NH a )'*, 
or W a N*.2W(NH*)*. It gives off a large quantity of ammonia when fused with potash, 
and is converted into tungstic oxide by ignition in the air. By the action of ammonia- 
gas on tungstic oxide, at a moderate red heat, compounds are formed containing 
nitride, amide, and oxide of tungsteu. When finely -divided tungstic oxide, spread in 
a thin layer on the inside of a glass tube, is heated in dry ammonia-gas, tungsten- 
ui tretumidoxide, 3WN a .2W(NIi*).2WO\ is formed, us a black substance which is 
not decomposed by acids or alkalis, gives off ammonia wheu heated alone, and when 
h'-nted in the air, burns with vivid glow to yellow tungstic oxide. (Wohler, Ann. Oh. 
Phirm. lxxiii. 190; cv. 258; Jahresb. 1850, p. 303; 1858, p. 158.) 

TinroSTSN, OXZDBB OF. Tungsten forms throe oxides— viz, WO* WO*, and 
W a 0 4 — neither of which exhibits basic properties, so that there aro no salts of tungsten 
in which the metal replaces the hydrogen of an acid, or takes the electropositive part. 
The dioxide forms a definite compound with soda, and the trioxide exhibits decided 
ueid tendencies, uniting with basic metallic oxides, and forming definite cry st alii sable 
salts called tungstates. The oxide, W*0\ may bo regarded as a compound of fclio 
other two, that is us a tungstate of tungsten, WO* WO*. 

Dioxide of Tungsten, or Tungstous Oxide, WO* — This oxide is obtained as a 
brown powder when tungstic oxide is reduced by hydrogen at » temperature not ex- 
ceeding low redness. Tungstic oxide may also be deprived of oxygen in the wet way, 
by pouring diluted hydrochloric acid over it, and placing zinc in the liquor; the tri- 
oxide then gradually changes into the dioxide, in the form of brilliant crystalline 
plates of a copper-red colour. No saline compounds of this oxide with acids are 
known. When digest od in a strong solution of potassic hydrate, it dissolves, witli 
disengagement of hydrogen-gas and formation of potass ic tungstate. 

A ttuu/stife of sodium, Ni^WH)* » N;iH).2 WO*, is obtained by adding to fused tung- 
state of sodium as much tungstic oxide as it will take up, and exposing the mass, at a 
red heat, to hydrogen-gas. After dissolving out the neutral undocom posed tungstate 
by water, the tungstito remains in golden-yellow scales and regular cubes, possessing 
tlie metallic lustre and a striking resemblance to gold. This compound is not decom- 
posed by sulphuric, nitric, or nitrorauriatic acid, or by alkalino solutions, but yields 
to hydrofluoric acid. It cannot bo prepared by uniting soda directly witli the dioxide. 

Trioxide of Tungsten, Tungstic Oxide or Anhydride, WO*.— 
This oxide occurs native as tungstic ochre, wolfram-ochre, or wolframin » t 
accompanying wolfram or other ores of tungsten, in Cumberland, at St. Leonard 
near Limoges, in Mourn e County, Connecticut, and in Cabarrus County, North 
Carolina; sometimes in cubes, sometimes pulverulent and earthy, of a bright-yellow 
or yellowish-given colour. 

Tungstic oxide is prepared from scheelito (native tungstate of calcium), or from 
wolfram*; 

1. Finely-pulverised scheelito is decomposed by nitric or hydrochloric acid ; the 
soluble nitrate or chloride of calcium is washed out with water, and the remaiuing 
tungstic acid is ignited. 

2. Finely-pulverised wolfram is repeatedly digested with strong hydrochloric acid, 
at last with addition of a little nitric acid, to dissolve out tho iron and manganese, 
the tungstic acid which remains is washed and dissolved in aqueous ammonia ; the 
solution evaporated to dryness ; and the residual acid ammonium-salt heated in contact 
with the air: tungstic oxide then remains in pale-yellow scales. — 3. One pt, of pul- 
verised wolfram is fused with 2 pU. carbonate of potassium ; the fused mass is digested 
with water; the filtered solution mixed with sal-ammoniac and evaporated; and tho 
residue is ignited in a crucible, and then treated with zinc and hydrochloric acid, whereby 
brown dioxide of tungsten is produced, which, when ignited in tho air, yields the jrtire 
trioxide (Wiih 1 cr). — 4. Pulverised wolfram is fused for un hour with 2 pts. chloride of 
calcium ; the fused mass is treated with water, which leaves tungstate of calcium urr- 
dissolved ; this salt is decomposed by boiling with hydrochloric acid; the residual 
tungstic acid is dissolved in ammonia (to free it from silica) ; and the ammonium-salt, 
obtained on evaporating the filtrate, is ignited in contact with the air. ’ (Wohler.) 

The solution of alkaline tungstate obtained by either of the preceding methods may 
also be mixed with mercurous nitrate, whereby a precipitate of mercurous tungstate is 
obtained, which on ignition leaves pure tungstic oxide. 

Anhydrous tungstic oxide is a lemon-yellow or sulphur-yellow powder, darker or 
lighter accor ding to the mode of preparation. Nordenskjold, by fusing the tungstic 
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hydrate with borax in a pottery-farriace, obtaiDed the anhydrous oxide in small trans- 
parent tables or short prisms belonging to the trimetric system. Deb ray (Compt. 
rend. Iv. 287), by strongly igniting a mixture of sodic carbonate and tungstate in a 
current of hydrochloric acid gas, obtained the tungstic oxide in octahedral crystals — 
some small and translucent with yellowish colour, others larger, black, and opaque. 

Tungstic oxide has a specific gravityof 5*27 (Herapath), 6*12 (d’Elhujar), 7*14 
(Eros ten). It is tasteless, insoluble in water and in most acids, only slightly soluble 
in strong hydrochloric and in hydrofluoric acids. When heated, it becomes transiently 
darker and greenish, at very high temperatures, but, according toBernoulli ( Jahresb. 
I860, p. 163), the greenish and the yollow oxides have exactly the same composition, 
Tungstic oxide melts at the heat of a forge-flro, and volatilises quickly when heated on 
charcoal before the oxyhydrogen -blowpipe. When heated for ten or twenty minutes 
before the oxyhydrogen-blowpipe, in a covered platinum-crucible, it forms a crystalline 
crust, the surface of which exhibits crystals apparently formed by sublimation ; no sub- 
limate is, however, formed on the sides of the crucible. In hydrochloric acid gas, tungstic 
oxide volatilises easily, forlning a sublimate of palo-y ellow st eilate needles. (Schafarik.) 

Tungstic oxide turns greenish on exposure to light, probably in consequence 
of the reducing action of organic particles in the air. According to Liesogang 
(Jahresb. 1866, p. 214), when exposed to light in contact with organic substances, it is 
reduced to blue oxide. When heated to redness, in contact with charcoal or hydrogen , 
it is reduced to dioxide or metal, according to tho temperature and the duration of the 
•action ; by ignition with potassium or sodiufn , it is reduced to metal ; by ignition in 
dry ammonia-gas, it is converted into oxynitretamido of tungsten (p. 903), by heating 
with sulphur to blue oxide. — When it is heated with pentachloride of phosphorus , oxy- 
chloride of phosphorus passos over, together with small quantities of tungstic chloride 
and oxychloride, WC1 4 0; the greater part of the tungsten, however, remains in the re- 
sidue which, when treated witli water, yields hydrochloric acid and a mixture of tungstic 
oxide with the blue oxide. (Gerhard t and Chiozza, Ann. Ch. Pharm. lxxxvii. 290; 
Jahresb. 1863, p. 396 ; seo also Schiff, ibid . 1857, p. 106 ; Weber, ibid . 1859, p. 79.) 

Tungstic oxide is also reduced by zinc and hydrochloric acid y by stannous chloride 
or by boiling with organic bodies and water — first to the blue oxide, then, by further 
reduction, to the brown dioxide. 

Tungstic Acii>. — Tungstic oxide dissolves in aqueous alkalis or alkaline car- 
bonates, slowly in the cold, more quickly at the boiling heat, forming solutions of 
tungstates; and, on precipitating the hot solutions of these salts with an acid, tung- 
stic monohydrate, or tungstic acid, H*W0 4 = H 2 0.W0 3 , isobtained as a yollow 
precipitate ; it dissolves in hydrofluoric acid, and separates from the solution in crystals 
on evaporation. 

By mixing a dilute solution of an alkaline tungstate with hydrochloric, nitric, or 
sulphuric acid, a white gelatinous precipitate is obtained, having, when air-dried, tho 
composition of tungstic dihydrate or hydrated tungstic acid, 2H*O.WO* ■» 
HXW0 4 .H 2 0. — This hydrate is likewise formed by the decomposition of tungstic chlo- 
ride, or oxychloride, with water ; after washing and drying, it is sometimes yellowish- 
groy and translucent, sometimes black and opaque ; when finely pulverised, it is said 
to dissolve In 200 pts. of boiling, and 300 pts. of cold water. (Anthon, J. pr. 
Chew. ix. 6. — Kicho, Ann. Cli. Pliys. [3], I. 5,) 

Tungstic acid reddens litmus, and dissolves in aqueous fixed alkalis, and in ammonia. 

Tungstates, — Tungstic acid unites with bases in various and often in very 
unusual proportions. Tho salts have been examined by Berzelius (Pogg. Ann. 
iv. 147; viii. 267), Anthon (J. pr. Chem. viii. 399; ix. 6, 8, and 337), Margue- 
rit.te (J. Pharm. [3], vii. 222), Laurent (Ann. Ch. Phys. [6J, xxi. 64), Lotz (Ann. 
Ch. Pharm. xei. 49; Jahresb. 1854, p. 339), Sc hoi bier (Berl. Akad. Ber. 1860, 
p. 208; Jahresb. I860, p. 154), andMarignac (Ann. Ch. Phys. [3], lxix. 5.; Jah- 
resb. 1862, p. 143) ; but the results of these invest igations are not very accordant, 
inasmuch as the salts often differ considerably in composition and properties, accord- 
ing to the mode of preparation adopted. Laurent, from the "behaviour of the ammo* 
piuin-tungstates, was led to admit the fjxistenco of five isomeric or polymeric modi- 
fications of the tungstates ; but from recent investigations, it appears that tho num- 
ber of modifications of tungstic acid and its salts may be reduced to two, viz. : 

1, Ordinary tungstic acid, which is insoluble in water, and forms insoluble 
salts with all metals, except the alkali-metals. 

2. Metatungstic acid, which is soluble in water, and forms soluble salts with 
nearly all metals. 

Ordinary Tungstates. 

Ordinary tungstic mud forms both neutral and acid salts. The neutral tungstates 
contain M a WO\ or M*O.WO*; the ackT salts were formerly supposed to bo either 
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diacid, W0.2VTO* - M’WOVWO 3 , or triadd; MHX3W0* - M*WO«.2WO*. According 
to Scheibler, however, the acid tungstates have in general the formula 3M*0.7W0* 
4H*0, and may be regarded as double salts composed of sesquitungstates and tetra- 
tungstates — i.e., as 2M*0.3W0* + M*0.4W0* or perhaps of diacid and triacid salts, 
2(M*0.2W0 I ) + M 2 0.3W0* (according to Pe r s oz, 2M*0.2H‘ i 0.3Tu s 0 a ). According to 
Lauren t, the empirical formula of tho acid salts is 5M a 0.1 2 WO 3 . xH-0 ; and according 
to Marignac, this formula Agrees with the analytical results more nearly than that 
given by Scheibler; but tho percentage composition deduced from the one formula 
differs so little from that given by the other, that it is difficult to decide between tho 
two by analysis. Scheibler’s formula, however, which is tho more simple of the two, is 
generally preferred. Marignac designates these salts, which ho regards as containing 
6 at. basic oxide to 12 at. tungstic anhydride, ur 6 at. monatomic metal to 6 at. tung- 
sten, as paratungetates ; he finds that the ammonium-salt having this composition 
cannot be converted into the neutral tungstate by digestion with ammonia. They 
are produced more easily, and crystallise better, than acid tungstates containing any 
other proportion of base and acid. 

Of the ordinary tungstates, only those of the alkali -metals and magnesium are so- 
luble in water, and theB© are but sparingly soluble. They may be prepared in tho wet 
way by dissolving tungstic oxide or tungstic acid in alkalis, or alkaline carbonates, 
most easily at tho boiling hoaL They are also easily formed by fusing tungstic oxide 
with tho hydrates, carbonates, or acid sulphates of the ulkali-metals. They have a 
bitter metallic taste, and excite an unpleasant feeling in tho throat. The insoluble 
tungstates are prepared by igniting tungstic oxide with ‘metallic oxides or carbonates, 
or from the soluble stilts by precipitation ; also by fusing an alkaline tungstate with 
tho corresponding metallic chlorides (chloride of calcium, for example); on exhausting 
the mass with water, the insoluble tungstate remains in tho crystalline state (Man rose, 
Ann. Ch. Phnrm. Ixxxi. 243; lxxxii. 366, 367). Larger crystals arc obtained by adding 
chloride of sodium to the fused mixture. (Uouthor and Porsberg, il>id. cxx. 268. — 
Schultze, iitid, exxvi. 56.) 

Those tungstates which arc insoluble in water are also, for the most part, insoluble 
in dilute acids ; by heating with concentrated acids, they are decomposed, with separa- 
tion of tungstic acid (a character by which they are distinguished from the meta- 
tungstates); in tho ease of phosphoric acid, the precipitated tungstic acid dissolves in 
excess. At ordinary temperatures, tungstates are but ini perfectly decomposed by 
concentrated acids, chiefly because* a certain quantity of soluble tungstic acid is formed 
at the same time (p. 911). Alkaline tungstates in solution are decomposed by sul- 
phuric, hydrochloric, nitric, and acetic acids, the greater part of* the tungstic acid being 
separated as a yellow or white hydrate, which does not dissolve in an excess of tho preci- 
pitating acid (except, phosphoric acid ) ; it dissolves, however, in a large quantity of water. 

The precipitate obtained from cold solutions is frequently white, but gradually turns 
yellow even in the cold, and more quickly when heated. The composition of this 
white precipitate hiis been variously stated. 8choc.de regarded it as pure tungstic 
oxide, which however is not correct; according to Anthon and Riche, it is tho 
diliydrate, WO*. 211*0 ; according to Marignac and others, it contains a basic tung- 
state,or it is a compound of tungstic acid with the precipitating acid. Whether tho pre- 
cipitate returns alkali or acid depends on tho relative quantity of the precipitating 
acid, the dilution of the liquid, and perhaps also on the temperature. 

Insoluble) tungstates, whusc bases are insoluble in alkaline carbonates, are decomposed 
by fusion with alkaline carbonate. 

Solutions of alkaline tungstates give white precipitates with sails of barium , stron- 
tium^ calcium, aluminium, ziric, l* ud t and mercurinun ; yellowish-white with mercu- 
rous nitrate; peach A j Iomsotii - coluu red with chloride of cobalt ; bluish-white with 
nitrate if copper. — Stannous chloride forms a yellowish precipitate, which, when 
warmed with hydrochloric or sulphuric acid, turns blue, from formation of bluoi 
tungsten-oxide. 

Ferrocyanide of potassium forms in solutions of alkaline tungstates, after addition 
of hydrochloric acid, a brown flocculent precipitate, soluble in pure water free from 
acid (distinction from metatungstates). Solutions of alkaline tungstates are not 
altered by tincture of galls , till an acid is likewise added, in which case a thick cho- 
colate-coloured precipitate is formed. Tungstic acid, previously precipitated by acids, 
is also coloured brown by tincture of galls. Alkaline tungstates, ignited with sal* 
ammoniac , out of contact with tho air, yield a tungstate of tungsten and tho alkali- 
metal, together with a black substance, probably consisting of oxynitrotemide of 
tungsten (p. 903). For the blowpipe-reactions of tungstates, and the reactions of 
Boluble tungstates with zinc and with sulphide of ammonium, see p. 901, 

Alkaline tungstates are sometimes used, in p lfifi& qf s tan nates, as mordants ; they are 
also employed for rendering light fabrics non- 1 nBjjtaiable (i. 1102). 
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Tungstates of Aluminium* — The neutral salt, obtained by precipitating a 
neutral alkaline tungstate with alum, is white, flocculent, insoluble in water, but soluble 
in aqueous ammonia and in acids. — The acid salt, A1 2 0 , .7W0*.9H 2 0 (at 100°), obtained 
by precipitation with an acid tungstate of alkali-metal is curdy, united in resinous 
lumps, and forms, when dry, a vitreous mass, having a conchoidal fracture. (Lots.) 

Tungstates of Ammonium. — a. The neutral salt is formed by digesting 
tungstic acid or oxide with aqueous ammonia ; on evaporating the solution, ammonia is 
given off, and an acid salt remains. 

0. The satquiacid salt , 2(NH 4 ) 2 0.3W0 8 .3H*0 «. (NH 4 ) 4 H 2 (W0 4 ) a .2H*0, sometimes 
crystallises from a very concentrated neutral solution of tungstic acid in ammonia, in 
warty crystals, which give off ammonia in contact with the air, 1 oaring the following salt. 

y. 3(NH 4 )*0.7W0 a .6H 2 0 = (NH 4 ^H\WO ‘) 7 .2H a O.— This salt, to which Marig- 
nac assigns the formula 5(NH 4 ) a O,12W0 8 .llH s l), is obtained by slow evaporation of 
a cold solution of tungstic acid in ammonia (Lotz; Seheiblor). It forms vitreous 
rhombic tables or prisms, acuminated with four faces resting on the edges of the 
prism. It has a biting bitter taste, reddens litmus slightly, dissolves in 26 to 28 pts. 
of cold water, is sparingly soluble also in aqueous ammonia, and insoluble in alcohol. 
The solution gives with nitric acid a white precipitate, which turns yellow gradually 
in the cold, immediately on boiling. When ignited in a close vessel, it leaves blue 
oxide of tungsten, and, when ignited in contact with the air, it leaves pure tungstic 
oxide, which retains the form of the crystals. 

When the solution is evaporated by heat, small shining crystals are obtained 
(oblique, striated, rhombic prisms, according to Marignac), containing 3(NII 4 )'*0. 
7W0 3 .3H 2 0 for, according to Laurent, 6(NH 4 ) 2 0.12W0 3 .4H 2 0 ; according to Ma- 
rignac, 6(NH 4 ) 2 0.12W0 a .5H‘ ! 0] ; they give off’2 at. water at 160°, and are recon- 
verted into the liexhydrated salt by solution in water, andslow evaporation. (Schoiblcr.) 

3. An ammonio-trihydric tetratung state , (NII 4 )*O.3H 2 0.4WO s = (NH 4 ) 2 II 6 (W0 4 ) 4 , 
is always formed (according to Kicho)when a solution of ammonium-tungstato is 
loft to evaporate slowly ; and separates at ordinary temperatures in shining lamina) 
containing 3 at. water ; at 40° — 50°, in needles containing 2 at. water. 

According to Wohler and Anthon, an acid tungstate of ammonium is produced, 
with evolution of ammonia, when tungstate of potassium or sodium is boiled with sal- 
ammoniac. According to La u rent, Lotz, and' others, the salt thereby formed is a 
double tungstate of ammonium and potassium or sodium. 

«. The salt, 2(NH 4 ) 2 0.5WO s .6H*() = (NH 4 ) 4 H fl (W0 4 ) a .2H 2 0, crystallises on cool- 
ing from a solution of the salt 7, saturated while hot, in rhombic octahedrons, soluble 
in 26 to 29 pts. of water. Oil recrystallising it from water, thin nacreous needles are 
sometimes formed, containing 2[(NII 4 ) 1 11\W0 4 ) 4 ].3H 2 0. (Marignac.) 

Tungstates op Barium. — a. The neutral salt , Ba"W0 4 — BaO.WO*, is ob- 
tained, in the anhydrous state, by precipitation from the solution of a neutral tungstate 
of alkali-metal. It is a whito powder, insoluble in water, decomposed by the stronger 
acids, and also by alkaline carbonates, both in the wet and in the dry way. According 
to Scheibler, the precipitate formed by chloride of barium in a solution of neutral 
sodium-tungstate is always a mixture of different salts ; but the neutral tungstate may 
be obtained pure by heating the metatungstate with hydrate of barium, or by drop- 
ping baryta-water into a moderately dilute and boiling solution x>f acid tungstate of 
sodium, (3Na 2 O.7W0*), as long ns the resulting precipitate is redissolved ; the solution 
on cooling deposits a double salt, and the cooled mother-liquor yields, with excess of 
baryta -water, a white bulky precipitate, which soon becomes dense and crystalline, 
and then forms spicular octahedrons of pure neutral barium-tungstate. The salt thus 
obtained, as well as that prepared from the metatungstate, contains 2Ba"W0 4 .H 2 0. — 
The anhydrous salt is formed, in the dry way, by fusing together 2 pts. sodium-tung- 
state, 7 pts. barium-chloride, and 4 pts. sodium-chloride, and crystallises in colourless 
octahedrons, apparently isomorphous with the calcium-salt ; they are decomposed by 
strong nitric acid at the boiling heat only. (Gieuther and Forsberg.) 

0. Acid salt, 3BaO.7W0*.8H a O. — Obtained by precipitation from the acid sodium- 
salt. White ; becomes anhydrous and yellowish by ignition. (Lotz.) 

Sodio-bario tung»tate, 1 7W0’.HH»0 (Scheibler), or 12WO , .24H»(> 

(Marignac), separates in thin plates on cooling, from a hot solution of acid sodium- 
tungstate, after addition of baryta-water. 

Tungstate of Cadmium is obtained in colourless crystals, perhaps isomor- 
phous with the calcium-salt, by fusing 4 pts. sodium-tungstate with 11 pts. cadmium- 
chloride and 16 pts. common salt (Geutner and Forsberg). — An ammonio-cadmic 
tungstate, 4(3Cd0.7WO*).[3(NH 4 )*0.7WO*] + 35H*0, is obtained, as a white bulky 
precipitate, on mixing the solutions of acid ammonium-tungstate and cadmium-sul- 
phate. (Lota) 
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Tuwgstat* of Cuoiok, Ca"WO\ or CaO.WO*, ooetus native, as scheelite or 

4P3 

tungsten, in quadratic pyramids P, modified by the faces 2Pco and -y the latter 


occurring hemihedrally. For P, the length of the principal axis is 1*0S58 ; the angle 
P : P in the terminal edges — 107° 20'; in the lateral edges — 113° 61'. The 
crystals cleave indistinctly parallel to P, more distinctly parallel to 2Po» . The 
mineral likewise occurs reniform, with columnar structure, and massive (granular. 
Hardness — 4*5 to 5. Specific gravity — 6 to 6 * 076 . Lustre vitreous, inclining to 
adamantine. Colour white, inclining to yellow and brown. Streak white. Sub- 
transparent to Bubtranslucent. Fracture uneven. Brittle. Scheelite is usually 
associated with crystalline rocks, and is found associated with tin-ore, topaz, fluor-spar 
apatite, or wolfram, in quartz. It occurs at Caldbeek Fell, near Keswick, in fine 
crystals ; also in Bohemia, Saxony, Hungary, and Sweden, at Coquimbo in Chile, and in 
Monroe and Huntingdon counties, Connecticut. 

Tungstate of calcium may be obtained in crystals, by fusing wolfram with excess of 
calcium chloride, and boiling out the soluble salts from the slowly-cooled mass 
(Manross, Aud. Ch. Pharin. lxxxi. 243)— also by heating tho amorphous salt with 
lime in a stream of hydrochloric ac.d gas (Deb ray, ibid. exxv. 97). The same salt is 
obtained by precipitation as a white powder. It is insoluble in pure water, and in 
acidulated water. 


Tungstates ofChiiomium. — The neutral salt , Cr*0*.3W0 1 .13H*0, obtained by 
precipitation, is light-green, easily soluble in acids, and turns yellowish -^roy in drying. 
— An acid salt, Cr*0*.7WO* 911*0, obtained by procipitatiou from tho acid ammonium- 
salt, is a light groyish -green powder, greenish straw -yellow after ignition. (Lots.) 

Tungstate of Con alt, CoWO 4 , is obtained in blue-greenish translucent 
crystals, by fusing 1 pt. sodium-tungstate, 2 pts. cobalt-chlorido, and 2 pts. common 
salt. (Schultze.) 

Tungstate of Coppeh. — The mixture obtained by fusing 2 pts. sodium- 
tungstate with 3 pts. cupric chloride and 4 pts. common salt., loaves, aftor treatment 
with diluto nitric acid, whito translucent quadratic pyramids, on which yellowish- 
brown crystals are implanted. (Schultze.) 

Tungstates of Iron. — a. Ferric tungstate is obtained, by precipitating 
fi-rric chloride with acid ammonium-tungstate, as a cream-coloured powder, which 
dissolves in tungstate of ammonium on boiling, and in ferric chloride oven at ordinary 
temperatures. Ferric tungstate is also precipitated by ammonia from solution of ferric 
inetatungstate, while an fimmonio-ferric tungstate remains dissolved. The. aarrie 
double salt appears to bo formed by tho action of ammonia on the crude tungstic acid 
obtained by treating wolfram with nitromurintic acid. Borck obtained in this manner 
a double salt containing Fo :, 0*.5( NH*)*0.6WO* + 611*0. 

>8. Ferrous tungstate , Fe"WO\ is formed, by precipitating ferrous sulphate with 
acid tungstate of ammonium, as a brown precipitate, becoming darker when heated 
out of contact with the air. Tho same salt is obtained by fusing 1 pt. tungstate of 
sodium with 2 pts. ferrous chloride and 1 pt, common salt, in thick, deep block, highly 
lustrous, opaque crystals, having tho form of native wolfram; they are non -magnetic, 
their powder is of a dark violet-brown colour, and specific gravity — 7*1 ((leu the r 
and Fors berg). Debray, by igniting ft mixture of tungstic oxide ami ferric oxide 
in a stream of hydrochloric acid gas, obtained crystals of ferrous tungstate (together 
with crystals of magnetic iron-ore and tungstic oxide), exactly liko those of native 


wolfram. _ „ _ 

Ferroso-manganous Tungstate , (Fa; Mn)"WO\ or (FeO ; MnO).WO . 
This is the composition of wolfram, the principal ore of tungsten, which occurs in 
trimetric crystals having the axes a ; b : c «* 0*8231 : 1 : 0*861. Angle »P ooP 
(macr.) = 78° A5' ; »P2 : <»P2 - 44° 44'; : fee (basal) - 80° 48i 4P« ! * 

ifeo = 54° 40'. Observed combination acP . ooP2 . «Poo . JPoo . Pco . P, 
Cleavage parallel to ocPao . It also occurs lamellar, columnar, and massive granular, 
the particles being strongly coherent. Hardness — 6 to 6*5. Specific gravity — 7*1 
to 7*66. Lustre submeUllic. Colour dark-grey or brownish-black. Streak dark 
reddish-brown. Opaque, sometimes feebly magnetic. According to the proportions 
of iron and manganese in wolfram, the varieties may be included in three groups, re- 
presented by theformulee MuW0*.3FeW0 4 , MnWO*.4FeWO\ and MnW0 4 .6FeWO\ 
Wolfram is often associated with tin-ores; also with galena in veins traversing 
greywacke ; also in quarts with native bismuth, tungstate of calcium, pyrites, galena, 
blende, &c. It occurs in Cornwall and Cumberland, on the island of ltona in the 
Hebrides, at Limoges in France, and at numerous localities iu Saxony and Bohemia; 
also in the UnitedStates. The crystals from Zimrirald, Bohemia, are remarkable as 


hemitropes. (Dana, ii. 353.) 
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Geuther and Forsberg have obtained several crystallised tungstates of iron and 
manganese, by fusing tungstate of sodium with chloride of manganese and chloride of 
iron in various proportions. 

Tungstates of Lead. — The neutral salt, Pb"W0 4 , or PbO.WO\ occurs native 
asscheeletine, a mineral occurring in quadratic crystals, isomorphous with molybdate 
of lead (iii. 1039). Length of principal axis = 1*5692. Angle P : P in the terminal 
edges = 99° 42', in the lateral edges = 131° 30'. The crystals are often indistinctly 
aggregated. Cleavage imperfect parallel to oP, still more imperfect parallel to P, 
Hardness = 2*75. Spocific gravity = 7*87 to 8*13. Lustre resinouB, subadaman- 
tine. Colour green, yollo wish-grey, brown, and red. Streak uncoloured. Faintly 
translucent. The mineral occurs at Zinnwald in Bohemia, with quartz and mica; 
in Carinthia with molybdate of lead ; and in Chile, probably near Coquimbo. 

Neutral tungstate of lead is produced artificially, as a whito powder, by precipitation 
from the neutral sodium-salt. By fusing tungstate of sodium with 4*7 pts. of chloride 
of lead in a closed crucible, a dark-green mass is obtained, having its cavities lined 
with colourless shining crystals of tungstate of lead. (Manross, Ann. Ch. Phann. 
lxxxii. 357.) 

The acid lead-salty 3Pb0.7W0 8 .10H 2 0, is formed, on mixing acid ammonium-tung- 
state with a soluble load-salt, as a white, flocculent, afterwards pulverulent precipi- 
tate, insoluble in water, dilute nitric acid, aqueous nitrate of lead, or tungstate of 
ammonium, but soluble in caustic soda. It gives off 7 at. water at 100°. 

Tungstates of Lithium. — The neutral salt is prepared with tungstic acid 
and carbonate of lithium, either in the wot or in the dry way; and crystallises from 
the aqueous solution in oblique rliomboidal prisms (C. Gmolin), or in octahedrons 
(Anthon), having a rough bitter taste and alkaline reaction, easily soluble in 
water. — The acid salty 3Li 2 0.7W0 3 .19H*0, or Li a H 8 (W0 4 )U5H 2 0 (Scheibler), is 
prepared like the corresponding sodium-salt, avoiding an excess of tungstic acid, which 
would lead to the formation of a metatungstato. It crystallises in large monoclinic 
prisms and tables, permanent in the air, somewhat loss soluble than the neutral Balt ; 
melts only at a high temperature, and solidifies to a porcelain-like mass on cooling. 


Tungstates of Magnesium. — Solutions of magnesium-salts are not precipi- 
tated by neutral tungstates of alkali-metal. By boiling magnesium-carbonate and 
tungstic oxide with water, a solution is obtained which on evaporation yields small 
shining scales, permanent in the air, having a harsh bitter taste, and easily soluble in 
water (Anthon). — The neutral salt , Mg'WO 4 = MgO.WO 3 , is obtained by fusing 
1 pt. sodium-tungstate, 2 pts. magnesium -chloride, and 2 pts. common salt, and boiling 
out the more soluble salts, in colourless, octahedral and prismatic crystals, which are 
gradually decomposed by heating with strong nitric acid : they aro isomorphous with 
the noutral calcium-salt. (Geuther and Forsberg.) 

Ammonio-magncsian Tungstates. — The salt | 7WO 3 .10IPO separates gradu- 

ally, in small nacreous crystals, from a mixture of the hot concentrated solution of the 
tungstates of magnesium and ammonium. — Another double salt, 2(NH^)»0 \ 

24H 2 0, separates, on cooling, as a crystalline powder, from a boiling solution of acid 
ammonium-tungstate mixed with sulphate of magnesium. 

Tungstates of Manganese. — Manganous salts yield a white or yellowish 
precipitate with neutral or acid tungstate of ammonium. — The neutral salt, MaWO 4 , 
prepared in the dry way like the magnesium-salt, forms thick, light garnet-brown, 
nighly luBtroits, rhombic crystals, of specific gravity 6 7; at the same time there are 
formed yellow noodles having the same composition as the preceding (Geuther 
and Forsberg). — The acid salty 3Mn0.7W0MlH 8 0, is a gummy yellowish precipi- 
tate, which gives off only 3 at. water at 100°. (Lotz.) 

The tungstates of iron and manganese have been already described (p. 907). 

Tungstates of Mercury. — «. Mercuric Salts. — A basic salt, 3Hg0.2W0 # , is 
obtained by precipitating a boiling solution of mercuric chloride with an insufficient 
quantity of potassic tungstate. It is a white heavy powder, insoluble in water. — An 
acid salty 2Hg0.3W0 s , is obtained, as a white insoluble body, by precipitating a solu- 
tion of neutral mercuric nitrate with neutral tungstate of potassium. Both these salts 
are decomposed by boiling alkalis, with separation of mercuric oxide, and leave 
tungstic oxide when ignited. — An ammonio-mercuric tungstate, Hg"(NH 4 ) 2 (W0 4 ) a .H a 0, 
is obtained, as a heavy white precipitate, on mixing mercuric nitrate with acid tungstate 
of ammonium. 

0. Mercurous tungstate , Hg*O.WX> # , or Hg*W0 4 (Anthon), is formed, on adding 
mercurous nitrate to an alkaline tungstate, as a yellow precipitate, becoming dark- • 
yellow when dry, iusolublo in water, leaving tungstic oxide when ignited The 
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insolubility of this salt renders it available for the separation and estimation of tung- 
stic acid. 

Tungstate op Molybdenum is precipitated from a mixture of molybdic chlo- 
ride and tungstate of ammonium, on addition of sal-ammoniac. After washing with 
sal-ammoniac, then with alcohol, and drying, it is a dark-purple body, permanent in 
the air, and easily soluble in water; ammonia, added to the aqueous solution, throws 
down an ammonio-rnolybdic tungstate. The solution of molybdic tungstate oxidises 
and becomes decolorised on exposure to the air, and deposits molybdic tungstic acid. 
(Berzelius.) 

Tungstate of Nicx-bi., 3Ni0.7W0*.14H s 0, obtained on adding sulphate of 
nickel to acid tungstate of ammonium, as a light-groon precipitate, which unites into 
lumps of the consistence of turpentine (Lots). By fusing 1 pt. sodium -tungstate with 
2 pts. nickel-chloride and 2 pts. common salt, the neutral tungstate of nickel, NiWO\ is 
obtained in well-defined, brown, highly lustrous, translucent crystals, having the 
aspect of zinc-blende. (Schultzo, Ann. Ch. Pliarm. cxxxi. 56.) 

Tungstates of Potassium.— -These salts are formed by adding pulverised 
wolfram to about an equal weight of fused carbonate of potassium, continuing the heat 
for some time ; on boiling tho cooled and pulverised mass with water, evaporating the 
filtrate to dryness, and treating the residue with lukewarm water, tho neutral salt 
dissolves', while tho acid salt remains behind. 

The neutral salt, K*W0\ or K 2 O.WO\ crystallises from a hot saturated solution on 
cooling, or on evaporation by heat, in anhydrous, thin, needle-shaped, hexagonal crystals, 
easily soluble in water, decrepitating when heated, ami melting at a red heat (M arig- 
n a c).— Tho monohydrated ntulral salt , K-WO MPO, is obtained by gradually adding 
45 pts. of tungstic oxide to a concentrated solution of jtotassic mrbonuto heated to 
60° — 80°, and crystallises from the hot filtered solution on cooling, in needle-shaped, 
sometimes aggregated crystals. It has a rough and somewhat hitter taste, is easily 
soluble in water, insolublo in alcohol; on pouring alcohol on the aqueous solution, tho 
salt crystallises at the surfaco of contact. — Tho dihydratv, K*WU l .2H , O i crystallises 
l>v evaporation of the solution over oil of vitriol, at a temperature not above 10°, in 
large, shining, oblique, rhombic prisms or tables, which quickly effloresce in dry, and 
deliquesce in moist air. — Tho pent ah yd rate, K*WO*.fiH 8 (>, crystallises, according to 
Ant lion, in colourless six-sided prisms, but the conditions of its formation are nut 
particularly stilt ed. 

The acid salt (K‘().2W0".2ll 8 0, according to Anthon and Riche; 3K*0.7 W0*flH*O, 
according to Schcibler ; 5K*O.I2W0 3 ,ll IPO, nmmiing to Laurent and Marignac) is 
formed by adding tungstic acid to the neutral salt, infusion or aqueous solution ; or by 
treating this solution with any other acid; or by passing a stream of carbonic anhy- 
dride through it. Tho salt is then deposited as a crystalline powder, consisting of 
iridescent scales, while inetatungstato of potassium remains in solution. The acid 
tungstate tastes like the neutral salt; it, has an acid reaction, dissolves, according to 
Riche, in 46 pts. cold and 1/5 pts, boiling water ; according to Marigime, in 71 pts. 
water at 20°. When, however, a saturated solution is prepared by boiling an excess 
of the salt with water for several days, t ho cooled solution contains 1 pt. of the salt, 
after one day, dissolved in 5‘6 pts. water; after 26 days, in ITU pts. water; after 
153 days, in LV6 pts. water — tins last degree of solubility remaining unaltered for 
six months (Marignac). The salt in insoluble in alcohol, 

Tungstates of Silveb. — An mud argentic salt, Ag 2 0.2WO*,or Ag^WO^.WO 1 , 
is obtained by precipitating acid tungstates of alkali-metal with nitrate of silver, be a 
white anhydrous suit, insoluble in water, slightly soluble in acetic or phosphoric acids, 
more easily in ammonia. When ignited, it turns brown, and cakes together to a me- 
tallically lustrous mass. — An acid argentum salt, AgHJ.'iWO*, is formed, according to 
liautenbcrg, by the action of hydrogen on an ammoniacal solution of the argentic salt. 1 
It is a black, glittering, crystalline powder, which is decomposed by nitric acid, 
leaving tungstic oxide; potash dissolves the tungstic acid, leaving argon toue oxide. 

Tungstates of Sodium. — The neutral salt, Xtt 2 W0\ or Na*O.WO B , is prepared 
like the neutral potassium- salt. It crystallises in transparent, colourless, nacreous, 
rhombic tables or scales, containing Na*WO , .2H , 0, having a bitter taste and alkaline 
reaction, permanent in tho air, soluble in 4 pts. of cold and 2 pts. of boiling water, 
insoluble in alcohol, and precipitated thereby from its aqueous solution. It may be 
recrystallised without decomposition. When heated to 200°, it gives off all its water, 
and becomes opaque ; and at a temperature somewhat below redness, it melts to a 
transparent liquid, which solidifies in tho crystalline form on cooling. This salt is 
sometimes used, in place of stannate of sodium, as a mordant in dyeing and calico- 
printing; also for rendering linen, cotton, &c., uninflammable (see Combustion, 
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i. 1102). For the methods of preparing it on the large scale, see Richardson and 
Watts’s Chemical Technology , i. [4], 48). 

Acid salts . — The salt 3Na 2 0.7W0 8 , according to Lotz and Scheibler (5Na*0.12W0 5 
according to Laurent and Marignac), is prepared similarly to the corresponding 
potassium-salt — namely, by fusing the neutral salt with a sufficient quantity of tungstic 
oxide, and boiling the product with water ; or by boiling a solution of hydrate, carbon- 
ate, or neutral tungstate of 6odium with tungstic oxide, and leaving the resulting 
solution to crystallise ; or, again, by fusing wolfram with one-third of its weight of 
anhydrous carbonate of sodium. It crystallises from cold aqueous solutions with 
16 at. water (Scheibler) [28 at. water, according to Marignac’s formula], in 
large striated monoclinic prisms, of specific gravity 3*897 at 14°, sometimes 
flattened to six-sided tables. It has an astringent and, at the same time, sweet and 
bitter taste ; reddens litmus ; dissolves in 2*22 pts. water at 0°, and in 0*24 pt. 
at 100° (Scheibler); in about 12 pts. of cold water (Marignac). When water at 
35° — 40° is saturated with this salt, the cooled solution retains 1 pt. of salt dis- 
solved in 9 pts. water; but gradually (in about 7 months), so much separates out that 
1 pt. remains dissolved in nearly 12 pts. water. If the salt be boiled for some time 
with water, a solution is formed, which, when cold, contains, after one to twelve days, 
1 pt. salt to 0*68 — 2-6 pts. water ; and after seven months, 1 pt. salt to 9*7 pts. water 
(Marignac). The salt effloresces in dry air, gives off 1 2 at. water at 1 00°, and the rest 
at 300°, leaving tlie anhydrous salt, 3Na w 0.7W0 8 of specific gravity 5*49, and still per- 
fectly soluble in water. It melts at a red heat, and solidifies in the crystalline state on 
cooling ; water then extracts from it the alkaline sesquiticid salt, 2Na*0.3\V0 8 , leaving 
the anhydrous tetratungstate, Na v 0.4W0 8 , in the form of a laminar or scaly crystalline 
mass, having a nacreous lustre. This last-montioned salt is quite insoluble in water; 
it does not melt at a moderate heat, but when more strongly heated, cakes together to 
a semifused mass, containing deep blue-green crystals (? of sodio-tungstous tungstate). 

When the solution of the salt, SNa^.TWO*, is evaporated by heat, crystals are 
obtained, containing smaller quantities of water than the above — viz., at 60° — 80°, 
monoclinic crystals containing 3Na*0.7W0*.l/>H 2 0 ; and at 100 ’, shining octahedrons, 
containing 3Na 2 .7WOM2II’O f or 5Na 2 0.12W0 8 .20H*0. (Marignac.) 

A salt containing 2Na*0.f)WO*. 1211*0, is obtained, according to Foreher, in bril- 
liant translucent crystals, by prolonged digestion of the neutral salt with water, or by 
saturating a warm solution of that salt with tungstic acid. 

A diacid salt , Na*-0.2W0*.2II*0, is precipitated from the solution of the neutral 
salt by hydrochloric acid, as a crystalline powder (Rammel she rg, Pogg. Ann. xeiv. 
514). — The anhydrous diacid salt , Na*0.2W0 3 , or Na*WO\WO*, is formed by fusing 
1 at. of the neutral tungstato with 1 at. tungstic acid, and is found in needles lining 
the cavities of the resulting crystalline mass. (Foreher.) 

Ammonio-sodic Tungstates.— a. Thosalt, 2(NH*) 2 0 j 7W 0 s . 3H 2 0, crystallises in white 
nacreous scales, from a warm concentrated solution of 1 at. neutral sodium-tungstate, 
mixed with rather more than 1 at. chloride of ammonium . — $. 12(NH«) ? 0 | 35 ^^** 14 H*0 

separates in crystalline scales, on pouring a boiling solution of 1 at. sodium -tungstato 
into a boiling solution of 2 at. sal-ammoniac, a large quantity of ammonia beingat the same 

time evolved. — y. The salt 5 .I2WO s .12H*0, or perhaps, in tliepure state, 

4(NH*)*0 1 12H*W0 4 , crystallises in nacreous rhombic laminae, on mixing the solutionBof 
the acid tungstates of sodium and ammonium. It is soluble in water, but is resolved by 
recrystallisation into the ammonium- and sodium-salts. — 6. The saltg^^J^ j 12 WO*. 

15H*0, is prepared similarly to the preceding, which it resembles. (Marignac.) 

JBario-sodic tungstate has been already described (p. 906). 

Potassio~sodic Tungstates. — A mixture of the tungstates of potassium and sodium 
deposits, first, crystals of the acid potassium-salt, then two double salts, vis., 

^j^|.12W0*.15H # 0, in monoclinic crystals, and 5 .12WO*.25H*0, in ob- 
lique rhombic octahedrons, and lastly, the acid sodium-salt. (Marignac.) 

Tungstates or Strontium. — The neutral salt, SrWO 4 , is prepared like the 
barium-salt, which it resembles. By fusing 1 pt. of sodium-tungstate with 2 pts. 
strontium-chloride and 2 pts. common salt, it is obtained in white translucent crystals, 
having the form of native tungstate of lead. (Schultze.) 

The acid salt (SrO,2WO*.4H*0 according to Anthon, 3Sr0.7W0 8 .4H*0 according to 
Lots), prepared like the acid barium-salt, is white, insoluble in cold water, decomposed 
by acids, and becomes anhydrous when heated. 
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Tungstate of Trobinuh. — Thorinum-Balte give white fioeculent precipitates 
with the neutral and acid tungstates of alkali-metaL 

Tungstate op T i n» — A solution of ammonio-Ktannie chloride is precipitated by 
acid ammonium-tungstate, in white flocks, soluble in excess of the tin-salt, also in 
phosphoric, oxalic, and tartaric acids. (Lotz.) 

Tungstate of Tungsten, W*0* — WO*WO*. — This is the blue oxide of 
tungsten, already mentioned as being formed by the reduction of tungstic oxide by 
zinc and hydrochloric acid, &c. It is likewise produced, as a fine blue powder, when 
tungstate of ammonium is heated to redness in a retort. 

Tungstates of Uranium. — The uranicsalt is a light-yellow precipitate, insolu- 
ble in water, but soluble in the stronger acids, and in ammonia (Berzelius).— An 
acid uranovs salt, 2U0.W0*.6H*0, is obtained, by precipitating urauous chloride with 
an acid tungstate of alkali-metal, as a brownish precipitate, soluble with green colour 
in hydrochloric acid. (Kammelsberg.) 

Tungstate of Vanadium, precipitated by alkaline tungstates from ranadio 
salts, is brown, somewhat soluble in water, and oxidises in the air with formation of 
vunadic acid. 

Tungstate of Yttbium, YW0*.2H*0, is a white pulverulent precipitate, 
slightly soluble in water. (B o r 1 i n.) 

Tungstate of Zinc, ZnWO*, is obtained, by fusing 1 pt. sodium-tungstate, 

2 pts. zinc-chloride, and 2 pts. common salt, and boiling the mass with water, in 
colourless square prisms, with octahedral faces, probably isomorplious with the cal- 
cium-salt. (G outlier and Bora berg.) 

Ammonia m- cine-tungstate, ( NJ{+)*0 ( 7W0 a .3H 2 0, is obtained by precipitating sul- 
phate of zinc with acid tungstate of ammonium, in small snow-white noodles, which 
dissolve sparingly in boiling water, more easily on addition of ammonium-tungstate, 
zinc-sulphate, oxalic acid, tartaric acid, or phosphoric acid. (Lotz.) 


Metatungstic Acid. 

Soluble Modification of Tungstic Acid . — This acid is mostly produced in the de- 
composition of tungstates by the stronger acids at ordinary temperatures ; also by the 
action of tungstic acid on tungstates. Bure metatungHtie acid is obtained by decom- 
posing a warm concentrated solution of barium-mctutiiugstate with dilute sulphuric 
acid ; the filtrate, evaporated over oil of vitriol in a vacuum, yields crystals, apparently 
quadratic oct ah ed roils, of hydrated metatungstic acid, 11*W0 4 .7H*0, or IhO.WO* -e 7aq. 
(Sell ei bier), ortnoro correctly, lUWO^WO^llUO, or ll*0.4\VO* + 31aq. Foreher, 
by decomposing the b ad-salt with sulphydric acid, and leaving the filtrate to evapo- 
rate, obtained metatungstic acid in sulphur-yellow crusts, apparently made up of 
octahedrons. 

Metatungstic acid is very soluble in water ; the solution has a sour and intonsoly 
bitter taste. 

A solution containing 2*79 per cent. WO* has a specific gravity of 1*0257 at 17*6°. 
„ „ 12*68 ,, „ 1*1275 

„ „ 27*61 „ „ „ 1 3274 

„ it 43*75 „ „ „ l'«3*3 

The solution may be boiled, and evaporated to a syrup ovor the water-bath, without 
alteration ; but on further concentration by heat, ordinary yellow insoluble tungstic 
acid separates out suddenly. 

Strong sulphuric acid added to a concentrated solution of metatungstic acid forms a 
white precipitate which disappears on addition of water. Aqueous metatungstic 
acid dissolves zinc and iron, with evolution of hydrogen, blue oxide of tungsten being 
formed at the same time. 

A colloidal modification of metatungstic acid is obtained by dialysing a 5 per cent, 
solution of sodium- tungstate mixed with a quantity of hydrochloric acia exactly suffi- 
cient to saturate the alkali contained in it. The solution remaining on the dialyser 
after a few days (amounting to 80 per cent, of the liquid used), has a bitter astrin- 
gent taste, is not gelatinised by acids or salts even at the boiling heat, and when 
evaporated to dryness, leaves vitreous scales which adhere strongly to the porcelain 
dishes. They are colourless if the evaporation has taken place in a vacuum, do not 
lose their solubility by being heated to 200°, but, at a temperature near redness, are 
converted into insoluble tungstic oxide, with loss of 2*42 per cent, water. The dry 
soluble acid is rendered sticky by water, like gum. Its solutions exhibit, at 10°, tuc 
following specific gravities : 
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Specific gravity . . . 1*0476 1*2168 1*8001 2*696 3243. 

(Graham, Chem. Soc. J. xvii. 338; Jabresb. 1864, p. 179.) 

Metatungstates, M 2 0.4W0*, orM-WO^SWO 8 . — These salts have been examined 
chiefly by Scheibler (J. pr. Chem, lxxx. 204; Jahresb. I860, p. 166); but the 
ammonium-salt, which was the first known, was discovered by Marguentte (Ann. 
Ch. Phys,. [3], xvii. 476). They have the composition of quadracid tungstates, hut 
the tungstic acid obtained from them is not ordinary tungstic acid, but the more 
soluble modification. They are formed from ordinary tungstates by addition of 
tungstic acid, or by abstraction of part of the base. The metatungstates of the 
alkali-metals are best prepared by boiling the solutions of the corresponding tungstates 
for some time with hydrated tungstic acid, H z W0 4 .H 2 0, or by dropping an acid 
(phosphoric acid being the best adapted for the purpose) into the solution of an 
alkaline tungstate, as loug as the tungstic acid separated in the first instance redis- 
solves. The other metatungstates may bo prepared from those of the alkali-metals by 
double decomposition, and very easily by decomposing tho metatungstate of barium 
with soluble sulphates. The metatungstates may also be prepared by the direct com- 
bination of metatungstic acid with bases, or by its action on carbonates, nitrates, or 
chlorides, all of which it decomposes. 

Tho metatungstates are for the most part soluble and cry stalli sable ; some are very 
soluble, and leave amorphous gummy masses when evaporated; according to Marig- 
nac, they react nearly neutral, colouring litmus violet; they effloresce in dry air, and 
give off the greater part of thoir crystallisation-water below 100°. The meta tung- 
states of the alkali-metals do not melt at a red heat, but merely bake together, decom- 
posing at the same time, with formation of blue oxide. Their solutions do not pre- 
cipitate the salts of the earth-metals, or of the heavy metals, excepting those of lead 
and mercurosum. They give no precipitate with ferrocyankle of potassium. — Acids 
added to the solutions of metatungstates do not precipitate either white .or yellow 
tungstic acid. — Zinc and hydrochloric acid colour them blue, changing to reddish- 
violet (not to brown like the ordinary tungstates : For ch er). These reactions are suffi- 
cient to distinguish tho metatungstates from the acid tungstates, with which they aro 
in some cases isomeric. They are, however, easily reconverted into ordinary tung- 
states by addition of aqueous alkalis, the solutions being then precipitated by acids, as 
well as by the salts of the alkaline earth-metals and other metals. 

Metatungstic acid precipitates the solutions of organic bases in flocks, and may 
tlierotoro bo used as a reagent for these bases ; the solution of a metatungstate 
acidulated with a mineral acid, or ordinary tungstate of sodium mixed with excess of 
phosphoric acid, may be used for tho purpose. This reaction with metatungstic acid 
is said to be even more delicate than that with phospho-molybdic acid, a distinct 
turbidity being produced by metatungstic acid in a solution containing not more than 
1 pt. in 200,000 of quinine or strychnine. 

Metatungstate of Ammon ivm, (NH 4 ) 2 Wi0 ,8 .8H*0, or (NH 4 ) 2 0.4W0 S + 8aq. 
according to Scheibler; 2(NH 4 ) 2 W 4 O l3 .15H c O, according to Lotz. — This salt, 
discovered by Margueritte, is produced by boiling tungstate of ammonium, either alone, 
whereupon ammonia is given off, or with tungstic acid, -which is dissolved. On evapo- 
rating the solution to a syrup, ordinary ammonium-tungstate separates out first, and 
the filtrate deposits tho metatungstate in highly lustrous transparent oeftihedrons, 
which effloresco on exposure to the air. The salt is very soluble in water, melting At 
first at the bottom of the liquid, like phosphorus. The solution is strongly refractive, 
is not precipitated by hydrochloric or nitric acid, but when mixed with ammonia, and. 
evaporated, yields crystals of ordinary acid tungstate, 3 (Nil 4 )*0 . 7 W O* (Lotz). — From 
the mother-liquor of the octahedral metatungstate just described, Margueritte ob- 
tained tho suit (NH^O.GWO* - 13uq., in well-defined crystalline laminae. — The 
potassiu m- salt, K^WH) 13 , 811*0, obtained by boiling tho tungstate with tungstic acid, 
crystallises in shining octahedrons resembling tho ammonium-salt. The same solu- 
tion yields slender needle-shaped crystals, which, however, are converted into the 
octahedral salt by rocrystallisation ; the salt appears tlmrcforeMto bo dimorphous 
(Scheibler). — Tho sodium-sal t, Na 8 W 4 O l3 .10H‘ ,, O, also crystallises in shining octa- 
hedrons, apparently regular, of specific gravity 3 84, and very efflorescent. One part of 
water at ordinary temperatures dissolves 10*69 pts. of these crystals, forming a solu- 
tion of specific gravity 3 019 ; hot water dissolves the salt in all proportions. The 
salt gives off. all its wajgg at a heat mueff below redness, 1 %nd if it has not been too 
strongly heated, still Jlsftdres completely, though slowly, in water (Marignac). In 
other respects it behaves like the potassium- and ammonium-salts, Margueritte like- 
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wise mentions a salt containing Na^W^O^.iBPO. — The ItiAiumsaU dries up over oil of 
vitriol to an amorphous mass. 

Metatungstate of Barium, BaW 4 0**,9H , 0, is obtained by mixing the warm concen- 
trated solutions of ammonium -met ungstate and barium-chloride, and, when purified 
by reery s tall i&ati on, forms large, shining, quadratic octahedrons, modified by the pris- 
matic faces and the perpendicular end-faces. They have a specific gravity of 4*298, 
effloresce in the air, ana give off 6 at. water at 100 3 ; at a red heat the salt becomes 
yellow and insoluble. The crystals are. decomposed by cold water into the insoluble 
triacid salt, BuW > 0 10 .6H’ , O, and free tungstic acid, which, however, recombine at the 
boiling heat. The metatungstate dissolves easily in boiling water; the solution yields 
metatungstic acid when decomposed by dilute sulphuric acid, and the other motn- 
tungstates (as those of magnesium, zinc, cadmium, cobalt, nickel, dec.), by double de- 
composition with soluble sulphates.— The strontium-salt , Si l W 4 0 ,, .8H*0, obtained liko 
the barium-salt, crystallises in quadratic octahedrons, modified by the faces ol* and 
ooPco . — The calcium-salt, formed by decomposing chloride or carbonate of calcium 
with metatungetic acid, crystallises with difficulty. — The magnesium-salt, MgW'O'*, 
811*0, forms shining, probably monoclinic crystals, permanent in the air. — The glu~ 
cinum-salt is very soluble, but crystallises from a syrupy solution, in delicate deliques- 
cent laminae. — The aluminium-salt dries up to an amorphous mass. 

Metatungstate of Cadmium, CdW 4 O l# .10R*O, forms shining quadratic octahedrons, 
permanont in the nir. — The ccrous salt, CeW 4 O'M0H 2 O, prepared by decomposing 
corous carbonate with metatungstic acid, ciystallisew in palo, lunion-yollow, monoclinic 
crystals, permanent in the air. — The lanthanum - and didymium-salts are also crystal- 
liable. — The cobalt-salt , CoW'O'MlIPO, crystallises in quadratic octahedrons; the 
cupric salt , CuW 4 0'M IIFO, in lamina* and tables, probably belonging to tile mono- 
clinic system. — Tho ferric salt dries up to an amorphous mass ; its solution, mixed 
with ammonia, yields a precipitate of ferric tungstate, while am monio- ferric tungstate 
remains in solution. — The ferrous salt , prepared by dissolviftg iron in metatungstic 
acid, is crystal li sable, but difficult to obtain pure. Tho solution, which has a ftno 
blue colour, contains bluo oxide of tungsten, as woll as the ferrous salt.— Tho lead- 
salt, I > bW 4 0 ,> .fllI*0 (Lotzl, or PbW l 0 ,B .fiH , 0 (Schoiblor), is obtained by precipi- 
tating a moderately concentrated solution of the acid, or the ammonium-salt, with 
acetate of lead, as a white flocculont salt, which dissolves in a large quantity of hot 
water, and crystallises by slow evaporation in slender silky needles, easily soluble in 
nitric acid. — Tho manganous salt, MnW 4 0 1B .1 011*0, forms beautiful, fight-yellow, 
quadratic octahedrons, with perpend iouhirly truncated summits; they «ro permanent in 
tho air. — The mercurous salt , Hg , W 4 0 ,> .25H 5t O (?), is obtained on adding mercurous 
nitrato to the free acid, or an alkaline mctatungsiate, as a white bulky precipitate, 
which shrinks considerably in drying, and assumes a lemon-yellow colour. — Tho 
nickel-salt, NiW 4 0 1# .8ll 2 0, forms monoelinic prisms and tables. — The silver -salt, 
Ag*W 4 0 ls .3H 2 0, is best prepared by mixing tho boiling solutions of equivalent quan- 
tities of Bodium-metatungstAto and silver-nitrate, with addition of a few drops of 
nitric acid ;-the clear solution, on cooling, deposits the salt in waxy crusts, consisting 
of microscopic octahedrons. It dissolves easily in water, crystallises by evaporation 
over oil of vitriol, but remains as an amorphous mass when the solution is evaporated 
by bent. — Tho zinc-salt , Zn W 4 0 ,f . 1 0H 7 t>, is very soluble, and crystallises with 
difficulty. 

Ethylic Metatungstatc, probably (C , H‘) a W 4 0 l, .3H*0, is produced by beating 
the silver-salt with ethylic iodide in sealed lubes, and remains, on distilling off tho free 
ethylic iodide, exhausting with absolute alcohol, ancl evaporating quickly m a vacuum, 
as a thick viscid syrup, which slowly dries up, over oil of vitriol, to a greenish fissured 
saass. It is very unstable, and is instantly decomposed by water, yielding tu n g s ti c 
hydrate. # . , 

Ordinary tungstate of silver, heated with ethylic iodide, does not yield a tungstic 
ether. 

TTJVatTSV, OXT8XOKZDU OS*. (See p. 899.) 
maiTBV, OlTOSLOSIPli or. (See p. 900.) 

TWOSTav, 9HOiPVCDBl OVn Phosphorus and tungsten combine di- 
rectly, but without incandescence, when finely-pulverised metallic tungsten is heated 
to redness in phosphorus- vs pour. The resulting compound is a dull dark-grey pow- 
der, very difficult to oxidise, and containing W*P\ — Another compound, W*F*, is 
obtained in beautiful crystalling groups, like natural geodes, by reducing admixture of 
2 at. phosphoric and 1 at. tungstic anhydride, at a very high-temperature, ip a enua- 
blo lined with charcoal The crystals are six-sided prisms, ttO&mre an imh long 
having a steel-gray colour and strong lustre; specific gravity «» 6*207. r agte $0®* 
Vox* V. 3 N 
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pound is ft good conductor of electricity, is scarcely oxidised when heated to redness, 
but burns with great splendour on charcoal in a stream of oxygen, or on fused chlo- 
rate of potassium ; it is not attacked by any acid, not even by nitromuriatic acid. 
(Wohler, Chem. Soc. J. v. 94.) 


TUNGSTEN, BULPHIDBS 07. The disulphide , WS 2 , is formed when 
tungsten, or one of its oxides, is heated to redness with sulphur, or certain volatiJo 
sulphur-compounds. It is prepared by igniting tungsten or tungstic oxide with 6 pts. 
of cinnabar, or by passing the vapour of carbonic disulphide or sulphydric acid over 
tungstic oxide heated to redness in a porcelain tube ; also by igniting the trisulphide 
in a close vessel (Berzelius and Borck). Riche prepares it by fusing equal parts of 
acid potassium-tungstate and sulphur in a crucible, and lixiviating the mass with water. 

Disulphide of tungsten is (according to Berzelius) a greyish-white powder, acquir- 
ing hy pressure, a steel-grey colour and metallic lustre. According to Riche, it forms 
slender, soft, black, needle-shaped crystals, which soil the fingers like graphite. It is 
oxidised by ignition in the air, or in vapour of water, also when gently heated with 
nitric or nitromuriatic acid. It is not altered by fusion with cyanide of potassium. 
(Wohler and v. Uslar.) 

Th etrisulp hide, or Tungstic Sulphide , WS 8 , has hitherto been obtained, only 
in the wet way. It is prepared by dissolving tungstic oxide in sulphydrute of ammo- 
nium or potassium, and precipitating with an acid ; or by saturating an aquoous 
solution of alkaline tungstate with sulphydric acid, and precipitating with hydrochloric 
acid. It is black when dry, and yields a liver-coloured powder; dissolves slightly in 
cold water, more easily in boiling water; and is precipitated almost completely by sal- 
ammoniac and other salts, and by acids. When boiled with hydrochloric acid, the 
precipitate becomes denser and darker-coloured, ultimately black-bluc, but remains 
soluble in water. It dissolves easily, especially when recently precipitated, in hydrate 
or carbonate of potassium, and in ammonia. When ignited, alone or with cyanide of 
potassium, it is reduced to the disulphide. 

Trisulphide of tungsten unites readily with basic metallic sulphides, forming sul- 
phur-salts called sulphotungstates, represented for the most part by the formula 
M*WS 4 , or M"S.WS', analogous to that of the neutral tungstates. The sulphotung- 
states of the alkali-metals and alkaline earth-metals may bo prepared by dissolving the 
trisulphido in the corresponding sulphydrat.es, or by treating tlio corresponding tung- 
states with sulphydric acid When trisulphido of tungsten is dissolved in a caustic 
alkali or an alkaline carbonate, a tungstate is formed, logether with the sulphotung- 
state ; and the resulting solution yields, with acids, a light red-brown precipitate of 
tungstic oxysulphido, which does not turn black when boiled with hydrochloric 
acid. The insoluble sulphotungstates of the earth-metals, and heavy metals, are ob- 
tained by precipitation, or by boiling a solution of alkaline sulphotungstate with the 
corresponding oxides. 

The ammonium-salt , (NH 4 )^WS\ separates from a concentrated solution in yellowish- 
red crystals ; and the mother-liquor, when left to evaporate, deposits yellow rectangular 
tables. The salt is somewhat sparingly soluble ; it decrepitates when heated, and when 
ignited out of contact, of air, leaves tungstic sulphide in lumps having a metallic lustre. 

The potassium-salt , K 2 WS\ separates from its aquoous solution, on evaporation, in 
anhydrous yellow crystals, or smooth, pale, four-sided red prisms, with dihedral sum- 
mits, and is precipitated by alcohol in delicate dnnabar-red prisms. The aqueous 
solution, mixed with a small quantity of hydrochloric acid, yields, by evaporation, a 
black mass, consisting of an acid sulphotungstate, K*S.2WS*, or K*WS 4 .WS*. — The 
aqueous solution of the neutral salt, boiled with cupric hydrate, yields cupric sulphide 
and tungstate of potassium. If the solution of the sulphotungstate contains also 
tungstate of potassium, or if the tungstate be fused with sulphur and the fused mass 
dissolved in water, the solution yields by evaporation lemon-yellow rectangular plates 
of the oxy sulphotungstate, K I WS 2 0*,2H 2 0. A solution of 2 pts. pot>i ssi um-sulpho- 
tungstate and 1 pt. potassium-nitrate, yields ruby-red transparent crystals of a double 
salt-, containing K , W8 4 .KNO , l which detonates like gunpowder when heated to com- 
mencing redness, yielding a pale-yellow mass, from which water extracts tungstate and 
sulphotungstate of potassium, leaving disulphide of tungsten. 

The sodium-salt, Ba 8 WS 4 , crystallises with difficulty from the aqueous, more easily 
from the alcoholic solution, by spontaneous evaporation. The crystals, when exposed 
to the air, soon become moist and yellow. There is also an acidwalt, soluble in 
water and in alcohol. 


The is prepared bypassing sulphydric acid gas through water in 

which ^uqgstato of^hsnum is suspended? .and crystallises hy evaporation invellow, 
transparent, ciyst3|J®Mcru8ts. When tungstic sulphide is dissolved to saturatidroijno- 
tosulphicje of barnaOfpie yellow solution yields, by evaporation^ brown amorphous 
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mass.— The calcium-salt, prepared like the barium -salt, is an amorphous mass, easily 
soluble in water and in alcohol ; the strontium- and magnesium-salts, prepared in like 
manner, are also soluble in water and in alcohol ; tho former separates in lemon- 
yellow radiate crystals, the latter is uncrystallisablo. Tho solutions of the calcium-, 
strontium-, and magnesium-salts take up an additional quantity of tungstic sulphide, 
and then leave, on evaporation, brown or brown-red amorphous masses. — Tho manga- 
nous salt, Mn"WS\ also dissolves in water, forming a yellow solution. 

The cadmium-salt, Cd"WS\ and the tine-salt aro yellow precipitates, tho latter 
separating gradually ; the cerium-salt is also a yellow precipitate, which separates 
ouly after 24 hours. — The sulphotungstatos of cobalt , copper , lead , and nickel, repre- 
sented by tho general formula M"WS\ are brown or black-brown precipitates. — The 
mercuric salt , Hg^NS 1 *, is precipitated, on mixing the solutions of mercuric chloride and 
potassium -sulphot ungstate in equivalent proportions, in orange-yellow flocks ; with an 
excess of mercuric chloride, the precipitate is white ; with an excess of the alkaline 
sulphotungstate, black.— Tho mercurous salt, Hg*WS 4 , is a black precipitate; the 
silver-salt, Ag*WS\ dark-brown.— The stannous salt, Sn"WS 4 , is precipitated in brown 
flocks ; the stannic salt, Sn ,r (WS') ? .8n , ' r S'h in greyisli-yollow flocks.— Tho pi a tin ic 
salt, Pt lT (WS 4 )*, and the aurfc salt, Au'"(WS 4 ) 3 , are black precipitates; tho bismuth- 
salt, Bi"'(WS 4 ) s , dark-brown, nearly black. — The ferric salt, Fe"'(WS 4 )*, is a dark-brown 
bulky pTOcipitate. Ferrous salts do not precipitate a solution of potassium-sulplio- 
tungstato. (Berzelius.) 

TUWaSTBN-MBTHYl. W(CH») 4 . (Riche, Compt. rend. xlii. 203.— 
Cuhours, .Tahresb. 1861, p. 353.) — When tungsten is heated with mothylic iodide to 
240 c in a sealed tube for several days, a viscid liquid is formed, from which ethor- 
ulcohol extracts iodide of tungst en -mot hyl, consisting, according to Riche, of 

W(CH 3 ) 8 I 2 , but, according to Cahours’s analysis, of W T| j a composition which 

is in accordance with tho known atomicity of tungsten. This iodido crystallises in 
colourless tallies, melts at 110°, and when agitated with reoently-precipi kited silver- 
oxide, is converted into oxide of tungsten-methyl, or tungstic oxytetra- 

mothido, W rl rr- This oxide dissolves in acids, forming uncrystallisable salts, 

remaining, when concentrated, as viscid liquids, from which tho oxide is roproci pita tod 
by alkalis. 

Tungsten heated, in like manner, with ethylic iodide is scarcely attacked, only a few 
needles of tungstic oxyiodide being formed, which float about in tho liquid. (Riche.) 

TtrarGSTXC COMPOUNDS. Compounds in which tungsten is hexatomic, viz.. 
WC1 8 , WO 3 , W(C1I 1 ) 4 I* &c. 

TinrOSTOBXXiXGXC A CX11 8. (Marianne, Ann. Ch. Phys. [4], iii. 6; 
Jaliresb. 1864, p. 220.) — These aro tetrabasic acids, containing both silicon and tung- 
sten. Their namcB and formula;, as given by Marignac, are as follows : 

SilicodiHMh ci tungstic or Silicotungstie acid . . . 4lT*O.HiO*. 12WO*. 

Tungstosilicic acid 411*0.1 2 WO* fliO* 

Silicodocitungstic acid . 4]I*O.SiO*.10WO , i 

They may be regarded as tungstates of silicon and hydrogen, tho first two having tho 
composition H # Si lT OM2WO*, which is referable to that of an acid tungstate, AP0.2W0*. 

The potassium- or sodium -salt of the first of these acids is produced by boiling 
gelatinous silica with acid tungstate of potassium or sodium, its formation probably 
taking place as represented by tho equation : 

or1$$;i2w| + Si t H °)* “ X , Si”0*.12W0» + 4K(H0). 

The resulting solution yields, with mercurous nitrate, a precipitate of mercurous 
silicotungstate; this, when decomposed by an exactly equivalent quantity of by- 
doehloric acid, yields a solution of hydric silicotungstate, or si licotungeti e 
acid; and the other silicotungatatos, which are all Boluble, aro obtained foy treating 
the add with carbonates. 

ili codeci tungstic acidis obtained asan ammonium-salt by Whiling gelatinous 
silica with solution^ acid tungstate of ammonium ; and from this, the acid and its 
other salts nunr M bbtainod in the same manner as the preceding. The eilicodcci- 
t u n gstab * are very unst able, and the acid is decomposed by more evaporation, depositing 
silica, and being converted into tungstosilicic acid, Which is isomeric with silico- 
tungstic acid, and likewise decomposes carbonates. All three of these adds are 
capah^of exchanging either one half or the whole of their basicJiydrogen for metals, 
thereby forming acid And neutral salts; silicotungstic acid alsofbrms an add sodium- 
salt, in which onljfcne-fcruth of tho hydrogen is replaced by i&dium. 

■ W- pm* .& > w : 4 
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lllleotimgutio Acid, 4H*O.SiO* 12W0* « H*SiW‘*0 4 *— The eonccntpated solu- 
tion of this acid, obtained as above, yields the acid, by spontaneous evaporation, in 
large, shining, colourloss (or slightly yellowish), quadratic octahedrons, containing 
IPSiW^O 4 * . 29H 2 0. They are combinations of P . go Poo . oP, having the angle 
P : P in tho terminal edges — 109° 9'; in the lateral edges® 110° 6*. They effloresce 
in contact with the air, begin to melt at 36°, and fuse completely, at 53°, to a liquid 
which yields another crystalline hydrate. At 100° they give off 25 at. water, another 
portion at a higher temperature, and the remainder at 360° ; afc this temperature, 
However, the acid retains its solubility ; but at a stronger heat, it is converted into an 
insoluble mixture of silicic and tungstic anhydrides. The other hydrate, above 
mentioned as separating from tho melted acid, contains IFSiW^O 42 . 2211*0, and is 
likewise formed when the acid separates from a solution containing hydrochloric or 
sulphuric acid. The crystals are combinations of a rhombohedron (It) with the basal 
end-face and a subordinate acute rhombohedron, whereby they"aequire the character 
of cubo-oetahedrons (R : R in tho terminal edges = 88° 48'; oP: R « 124° 25'); 
they are distinguished from the octahedral crystals by their permanence in the air. 
Silieotungstic acid dissolves easily in water and in alcohol ; the aqueous solution, 
saturated at 18 3 , contains 1 pt. of the octahedral acid to 0*104 pt. water, and has a 
density of 2*283. The alcoholic solution mixes with an equal volume of ether without 
turbidity ; but, on adding more ether, the concentrated otheroal solution separates as a 
syrupy layer, which forms a dear solution in water, but becomes turbid and gives up 
tho ether when heated. The same syrupy liquid (which does not contain any silieo- 
tungstic ethers), is obtained by exposing either the octahedral or the rhombohedral 
crystals to ether- vapour. 

S ili cotung states. — Silieotungstic acid is a strong acid, decomposing carbonates, 
and easily forming double suits. The Balts are all soluble in wator, excepting the mer- 
curous salt, and almost all crystalliso well. They are not altered by boiling with 
hydrochloric acid. Caustic alkalis and alkaline carbonates throw down silicic acid 
from their solutions; tho precipitate formed by ammonia redissolves at the boiling 
heat. When heated to redness, thoy glow slightty, and leave a residue containing free 
tungstic anhydride. 

Silicotungstate of Aluminium is obtained by dissolving aluminium-hydrate in 
silieotungstic acid, or by adding the latter to a solution of aluminium -chloride, in 

large regular octahedrons containing Al l H ,z Si s W M 0 1 *®.87H 2 0, or 2AI 2 0*.6lF0.3(Si0* 
l2WO*).87aq. The cold solution is Tendered turbid by addition of ammonia, but 
becomes clear again when warmed, and yields, after evaporation of the excess of 
ammonia, an octahedral double salt, containing 2Al*0 a .9(NH 4 )*0.3(8i0*.12W0 a ) . 75aq. 

Ammonium-salts . — The octam manic or let r abasia salt , (NI£ 4 )*Si\V lu 0 M .16lI*0 *=* 
4(NH*)*0.Si0 2 .12W0 a .16nq. > is produced by saturating the acid with ammonia, or by 
prolonged boiling of a solution of silicodeeitnngstate of ammonium, and remains, on 
leaving the solution to evaporato, in opaque white nodules. By boiling with hydro- 
chloric acid, it is converted into the tetrammonic salt, (NH 4 ) 4 H 4 SiW ,2 0 42 .6H*0. Both 
these salts, when heated wnth ammonia, yield sparingly soluble acid tungstate of 
ammonium, which separates, and silicodecitungstate of ammonium, which crystallises 
on evaporation. 

Barium- salts. — On mixing a solution of silieotungstic acid with carbonate of 
barium till a permanent precipitate of neutral salt is produced, the clear liquid yields, 

on evaporation, monoclinic prisms of the dibarytic salt , $a*H 4 Si W 1 *0* 2 . 1 4H*0, which, 
by prolonged contact with the mother-liquor, are converted into a more highly 

hydrated efflorescent salt, containing ^a , H 4 SiW , *0 M .14H*0. On adding chloride of 
barium to an excess of a hot solution of eodium-silicotungstate, a double salt. 
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filtered solution, in hard granular crusts, which may be purified by recrystallisation ; 
the crystals look like cubes, but exhibit double refraction. The salt dissolves in 10 pts. 
water at 18°, and in lees than 3 pts. boiling water . — $. The tctr&poiassic salt, 
K'JFSiW^O 41 , 16H*0, crystallises, on evaporating a solution of the neutral salt mixed 
with hydrochloric acid, in large, colourless, shining, hexagonul prisms, with pyramidal 
summits, ooP . P. Angle P : P, terminal = 144® 46" j lateral — 74° 30 ; prismatic 
faces longitudinally striated* The crystals effloresce slightly in the air, ana at 100° 
give off their water of crystallisation, together with 1 at. of the basic water. They 
dissolve in 3 pts. water at 20°. — y. A solution of the tetrapotassic salt mixed with 
hydrochloric acid, then evaporated and left to cool, deposits, first a pulverulent veiy 
acid salt, then crystals of the tetrapotassic salt ; but when those two salts are left for 
some time in the mother-liquor, they both disappear, and auothor salt is deposited in 
monoclinic prisms containing 2 K*H s SiW l2 O w . 26R-0 1 ; they are decomposed by Sblutiou 
in water, the liquid, when evaporated, yielding, first crystals of rhombohodralsilico tung- 
stic acid, then the salt A, and lastly the salt. y. 

The silver- salt, Ag 4 H 4 SiW ,2 0« . 7H*0, separates as a crystalline precipitato when 
carbonate of silver is dissolved in silicotungstic acid, or when this acid is added to a 
solution of silver-nitrato. It is slightly soluble in water, easily soluble in dilute 
nitric acid. 

Sodiu m-salts. — a. The neutral salt, Na 9 Si\V 1, O l ’ i . 7H ; 0, is prepared like the neutral 
potassium-salt, and crystallises by siKHitanoous evaporation in slender needle-shaped 
crystals. The saturated solution contains 0 21 pts. water to 1 pt. of the salt, and lias 
a specific gravity of 3 05 at 19°. — fi. The tetrasodic salt, Na < ll l SiW'*0 4!l , crystallises 
irom a solution of the neutral salt mixed with hydrochloric acid, with nmounta of 
water varying according to circumstances. If t.ho crystallisation takes placo»nt 40° — 
50°, or from a solution containing hydrochloric acid, lit ordinary temperatures, tri- 
clinic tabular crystals are obtained, containing llat. water. A pure, concentrated, 
aqueous solution deposits, at ordinary temperatures, nacreous, efflorescent, trieli * 
nic prisms with 18 at. water. A hot concentrated solution deposits, on cooling, 
first crystals of the 11-hydrated salt, afterwards trieli nic prisms differently modified 
and containing a different amount of water, and finally the IK-liydrated salt. Whon 
nitric acid is used, in place of hydrochloric acid, in the preparation of the tctrasodic 
salt, the mother-liquor yields on concentration a double suit, 4NuN0*.3(Na*H*SiW ,, 0 4 *. 
1311*0), in hygroscopic triclinic prisms, mostly twins with the combination-face «Pc». 

— y. The disorlir salt, NaUPSiW^’O 42 .! 4ll a O, crystallises, on evaporating a solution 
of the totnisodic salt, mixed with sulphuric or silicotungstic acid, in triclinic tabular 
crystals, very much like those of the tetrusodic salt deposited from a warm solution. 
This salt decomposes when dissolved in water. 

Tungrstoslllcic Add, II*W w Si0 4 **>4li*0.12W0*.Si0 , (Marignac). — This acid, 
isomeric with silicotungstic aci<l, is produced when a solution of silicodocitmigstic acid 
is evaporated to dryness by heat, and crystallises from a solution filtered from silica, 
and evaporated to a syrup, in triclinic prisms, exhibiting the dominant combination 
co # r P . ool* . ggI’oo.oP, with domes and hemipy ram ids subordinate. The crystals 
deliquesce in ‘lamp air. They melt below 100° in their wafer of crystallisation, and 
then dry up with intumescence. At *200°, the residue crumbles to a fine jswdor, 
which contains 2 at. water, and rodissolves in water, with rise of temperature ; the acid 
docs' not lose its solubility even when heated above 300°. It is also easily soluble in 
alcohol, and behaves to ether like silicotungstic acid (p. 916). 

The tungstosil i cates are obtained by saturating tlio acid with carbonates. 
Some of them are uncryst at li sable, and others arc distinguished from tho corresponding 
silicotungstates by their crystalline form, degree of solubility, and amount of Water 
of crystallisation ; but there is no characteristic reaction by which tho two isomeric 
acids can be distinguished one from the other. , 

Tungstosilicate of aluminium, '2Al*0*.6H*0.3{12W0^i0 7 ).76R*0, crystal- 
lises from a syrupy solution of gelatinous alumina in tungstosilieic acid, in triclinic 
prisms, resembling the calcium-salt, and frequently united iu twins by the face oa',P. 

The ammonium-salt has not been obtained of definite composition. , 

Barium-salt.— On saturating a solution of tungstosilicic aeul with baryta- water, a 
precipitate is formed, which redisaolves in the acid liquid on stirring, until more than 
2 at. baryta bay# been added, after which it unites into a layer, oily when Mm, 
resinous in tliiiM9&and drying up in contact with the air to a vitreous mass, consisting 
of the neutMffraBmin-salt, Ha 4 fliW 1 *0 <a .9lI g Q f or 4Ba0.12W0 , j8i0 I . 9aq. It becomes 
glutinous again in contact with water, and after prolonged contact crumbles to a 
powder, which in the air-dried stato contains 4Ba0.12 WO*.SiO* . 27aq. 

The atid calcium-salt, 2Ca0.2H 7 0.12W0 a .Si0 2 . 20aq., forms triclinic ctystals, 
afj£ ? , opP od tabular from predominance of <seP » ; it is hygroscopic iu 
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moist air. Sometimes another salt, 6CaO.3H*O.2(l2W0*.SiO 2 ) . 47aq., was obtained 
in small shining triclinic crystals, less hygroscopic than the former. 

Potassium-salts. — The neutral salt , 4K 2 0.12W0*.Si0* . 20aq., forms snmi|%K 
defined prismatic crystals belonging to the trimetric system.— The tetrapotassic acid 
salt , 2K 2 0.2H 2 0.12W0 s .Si0 2 . 7 aq^, likewise crystallises in the trimetric system, and in 
short hard prisms, <®P . Poo , oP, having the angle ooP : ooP =■ 101° O'; ooP . 
Poo « 131° O'; Poo : Poo (basal) » 116° 28'; or in friable, nacreous, six-sided 
tables, arranged in radiate groups. 

Sodium-salts . — Tho acid salt t 2Na 2 0.2H ? 0.12W0 s .Si0 2 . 10aq., forms large rhom- 
bohedrons, R — £R, having the terminal angle R : R = 87° O'. — The neutral salt 
was not obtained in the crystalline form. 

flllloodeeitnngatle acid, H 8 SiW‘ 0 O 98 , = 4H 2 O.SiO 2 .10WO 2 , is obtained by 
heating gelatinous silica with acid tungstate of ammonium, precipitating with mercu- 
rous nitrate, or better with silver- nitrate, in the cold, and decomposing the precipitate, 
after thorough washing, with hydrochloric aeid, carefully avoiding an excess. On 
evaporating the filtered solution in a vacuum, at ordinary temperatures, the acid 
remains as a transparent yellow glass, containing H ‘Si W 1 °0 38 .3H 2 0. On exposure to 
the air, it rapidly absorbs water, splits into fragments, and finally deliquesces. With 
alcohol and other, it behaves like silicotungstic acid. Tho aqueous solution may 
sometimes be repeatedly evaporated without alteration, but, in most cases, it easily 
splits up into gelatinous silica and tungstosilicic acid. It does not precipitate^the 
salts of calcium, magnesium, lead, or aluminium ; with nitrate of silver, it forms a heavy 
yellowish precipitate, easily soluble in dilute nitric acid ; with mercurous nitrate a 
white precipitate, slightly soluble in nitric acid. 

Mostof thesilicodecitungstates are difficult to obtain in the puro state, on account of 
their great solubility. — Tho ammonium-salt contains (NH 4 ) B SiW lo 0 3 ® . 811*0. — The 
neutral potassium-salt appears to crystallise with 1 7 at. water ; the aeid salt , K 4 H 4 Si\V l4, O w , 
with 8 at. and 10 at. water; an ammonio-potassic salt, K 4 (NII 4 ) 3 IISiW l0 15H 2 O, was 
likewise obtained. — Tho barium-salt , Ba 4 SiW 1# 0 M , is obtained, by adding the acid to 
an excess of barium-chloride solution, as a viscid insoluble precipitate, which, when 
dried in the air, contains 22 at. water. — The silver-salt , dried at 100°, contains 
.Ag H SiW l0 O 39 .3H‘O. 

TVNG8TOSO-TTJNOSTI C COMPOUNDS. Compounds intermediate in 
composition between tungstous and tungstic compounds.: e.g., W*C1 10 = WCL\WCl“ ; 
WO s = WO’.WO*. 

TUNGSTOUS COMPOUNDS. Compounds in which tungsten is quadri- 
equivalent: e.g. t WC1 4 , WU 2 , WS 2 , &c. 

TUNXCZN. A substance isomeric, and porhaps identical, with cellulose, 
(C«H ,tt O a ), occurring in the mantle of Aseitlia, and separated therefrom (from the mant le 
of Cynthia, for example) by successive treatment with water, alcohol, ether, acids, 
and alkalis. It then remains as a colourless mass, exhibiting the structure of the 
original substance (Schmidt, Ann. Ch. Pharm. liv. 318). — Berthelot (Compt. 
rend, xlvii. 227) boils the mantles, first with strong hydrochloric acid, then with 
potash-ley of specific gravity 1*28, and washos the residue thoroughly with distilled 
water. # . i 

Tunic! n exhibits most of tho characteristic properties of cellulose, and its insolubility 
in various liquids ; but it is more Btable, not being altered by nitric, hydrochloric, or 
acetic acid, or strong potash-solution, even after prolonged boiling; neither is it 
blackened by fluoride of boron. In fuming nitric or sulphuric acid, it deliquesces to 
a colourless liquid ; and if the liquid obtained with sulphuric acid be boiled for some 
time with water, the resulting solution will be found to contain glucose, or a similar 
sugar. 

TXntBBTH, Syn, with Turpkth. 


^ TUBOm* A name applied by Hermann to a massive variety of brown haematite, 
2Fo*O*;H 4 0f iK?rorring near the River Turga, in the Ural ; it appears to be identical with 
B *u'JK snares fydroh&matite from Siebenhitz, near Hof, in Bavaria. (Handw. d. Chem. 

: Syn. with Tourmaline (p. 876). 

vVfeMBltld. (farouma. Radix Curcuma. - Terra merita. — Thft root of Amo- 
mi#m Curcuma, a plant cultivated in India and Java. It contains, according^ Pelle- 
tier and Yogel, a strong-smelling volatile oil, gum, a yellow colouring-matter (curcu- 
win ), a brown colouring-matter, starch, cellulose, and a small quantity of calcium- 
chloride. It is used for dyeing wool and silk ; but the colour, though a finp yellow, 
is not durable. It is also employed in pharmacy for colouring certaia^oij^isnts, 
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andifspeci&lly in Indin) as an ingredient of curry-powder and other condiment#.— 
Alinoue tincture of turmeric, or paper stained vita the aqueous or alcoholic solution, 
EulSd as a test for alkalis, and for boric acid (i. $39). * 

The root of Canna sptciosa, a plant of frequent occurrence in West Africa, is said to 
be exactly similar to East Indian tarmeric-root, in taf&e, smell, and chemical reactions 
(Daniel), Pharm. Trans, xix. 258.) 

TURNBULL' 8 BLOTL Ferrous ferricyanide, prepared by precipitating a ferrous 
Balt with ferricyanido of potassium. (See Cyanidks of Iron, ii. 214.) 

TVBVBBXTB. A silicate of aluminium, iron (ferricum), calcium, and magnesium, 
occurring at Mont Sorol in Dauphin^, aud at Tavetsch, in yellow mouoclinio crystals, 
having an adamantiuo lustre and eonchoidal fracture. Axes a : b : c ** 1 : 0*921690 : 
0*95844. Angle 5 : c =* 102° 42' ; ooP : + P - 141° 23'; +P: +Pao= 143° 44'; 
oo P : oepoo 131° 58'. In the minei^l from Tavetsch, the combination ooP . ooPJ 
obP 2 . ooPoo . oP . + Poo . [P>oo ] . [JPao 1 . [Poo ] . P . 2P2 . + *P . + JP . -JP 
was observed. In that from Dauphin^, the faces — Pao aud [2Poo j likewise occur. 
(G. v. Hath, Jahresb. 1863, p. 824.) 


TTOETBR’S YELLOW i also called Patent Yellow. Oxychloride of lead, Pb'CPO*. 
(iii. 546). 


Ttratarxp. See Hhabsica (i. 654). 


TURPENTINE. Tvrtltenlhina . TerlUnthine. 7 cr pen tin. — This term is ap- 
plied to Hovorid oieoresins exuding from coniferous troes ; also to the semifluid resin of 
Pixtaiia Tcrebinthus, a tree belonging to the tcrobenthacoous order. To obtain tile 
turpentine, incisions are made ill the bark of the trees, ami the resinous juice, which 
exudes chiefly during the summer, is collected ; it is then rtMidered more fluid by 
warming with water, and strained through Biraw -filters, to free it from nPodlcs, bark, 
and other extraneous substances. 

The several varieties of commercial turpontiuo, obtained from flr- and pine-t rees, are 
more or less viscid solutions of rosins in a volatile oil, tho proportions of these consti- 
tuents varying according to tho source and ng« of the turpentine. iSomo kinds aro 
clear and homogeneous ; others art* more or less turbid, holding in suspension granulo- 
crystaLliue masses, which gradually settle to the bottom. 

American turpentine, obtained chiefly from Pinna auatrolia, and German 
turpentine from the Scotch fir {Pin us st/fvcstris) t arc yellowish, viscid, granular 
liquids, having a strong aromatic odour, and pungent bitter tusto ; they become clear 
when warmed, are highly inflammable, and burn with a very smoky flume. These 
turpentines consist of volatile oil and colophony (i. 1087) ; and on boiling them with 
water, the volatile oil goes off with the steam, wliilo the resin remains, intimately 
mixed with small quantities of oil and water, forming a dingy yellow turbid mass, 
called “ boiled turpentine,” which is brittle when cold, but becomes soft mid plastic 
when heated. At a stronger heat, the water and the remaining portion of volatile oil 
are given off, and the colophony remains as a transparent resin, more or less coloured, 
according to tho degree oi heat to which it has been exposed. Colophony was formerly 
said to be a mixture of two isomeric acid res inn, pink’ and sylvic acids (iv. 049, 069; 
V. 648); but tho recent investigations of Maly (Ann. Cli. Thurm. cxxxii. 249; 
Jahresb. 1664, p. 408), have shown that it consists mainly of abiotic anhydride, 
C 1 *!!”!) 1 , which, when treated with aqueous alcohol, takes up water, and is converted 
into abiotic acid, C**II m O** 

French turpontiuo (from Pinna maritimn) resembles American turpentine in 
appearance, odour, and taste. It hardens with calcined magnesia moro readily thftu 
any other kind of turpentine. s 

Strasburg turpentine is a clear non-granular liquid, obtained from the silver 
fir {Abie* pectinate), and from tho spruce -fir { Abies excels a). The turpentine from the 
former of these trees is mobile, yellow, has a pleasant odour of lemon, and a sharp 
bitter taste. That from the spruce-fir is dark -yellow, lias a strong balsamic odour, ana 
sweetish aromatic taste. The resinous portion of both these turptftlf insi contains 
abiotic add, together with two indifferent resins, one (nbietin)< soluble^ absolute 
alcohol, the other insoluble. The water with which these turpentines to 

get off the volatile oil, is said to contain succinic acid. & * ‘ 

Venice turpentine — Tarebenthina venetia , s. laricina, from the larcta 'fjgpih 
curop&a) — is said to be contained in peculiar sacs in the upper part of the 
to be obtained by puncturing them. It is a ropy liquid, colourless, or brownish in- 
clining to green, having* a somewhat unpleasant odour, and bitter taste. According to 


• The formula given for abiotic add at p. 1 voL 1. belong* properly to *> Irlc add, which Is pr«duc<*d 
from. aMetic add by the actlou of dilut* iiitphurtc acid. The ucld fornserljr defcigiiawd a* aviate a'nd 
l» nmfoH bvjiafjr a* impurv hydrated abivtic acid, and the MMttlud |an'c acid a* atrfelic antiy- 
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Unverdorbes (Pogg. Ann. xi. 27 hit contains, in the fresh stats, two oils of different 
degrees of volatility, the less volatile Being easily resinised ; also two acid resins,a neu- 
tral resin, and succinic acid. 

Hungarian turpentine, which flows from incisions in the branches of Pinus 
Pumilio, is a clear, yellowish, mobile liquid, haring an aromatic taste and odour. — t, 
Carpathian turpentine, from Pinus Cembra, resembles the last, but has a bitter 
taste. — Canadian turpentine, or Canada balsam, from Abies balsamea , has 
been already described under Balsams (i. 492). 

Cyprian, Syrian, or Ohio turpentine, obtained in Ohio from Pistacia tere - 
bint nit 8 f and in Syria from P. vera , is either clear and colourless, or, perhaps from 
age, or from want of care in collecting itj viscid, turbid, and yellowish-groen ; it has 
an odour of fennel and elemi, and an aromatic tasto like that of mastic. It dissolves 
completely in ether, and partially in alcohol, leaving a glutinous residue. 

Ordinary turpentine and Venice turpentine 'are used in medicine, both externally 
m ingredients of salves and plasters, and internally in the form of electuaries or 
pi Us ; for the last-mentioned purpose, the turpentine is thickened by addition of mag- 
nesia; boiled turpentine (p. 920) is also made into pills. Many kinds of turpen- 
tine are also used for varnishes or similar purposes. 

TOBPBVTnrB, SOILED. See p. 919. 

TITRFXtiN'TXma CAMPHOR. A term applied sometimes to the solid mono- 
liydrochlorate, sometimes to tho solid hydrates of turpentine-oil (p. 923). 

TVRPSHTIirS GALL-MXJTS, Gallte pistacinee, Carole de Jvda ; formerly 
designated as Follicnli pistacince . Pea-shaped or horny excrescences, occurring 
in August on tho branches of the turpentine-chestnut (Pistacia Ttrdrinthua), and 
formed by the puncturo of an insect ( Cephis Pistacia). They are reddish-brown, 
having an aromatic turpentine-like odour, and similar tasto. Thoy contain resin, 
volatile oil, tannin, and gallic acid. The ash contains a potassium- salt, silica, and 
lime. (Marti us, Ann. Ch. Pharm. xxi. 179. — Guibourt, Pharm, Centr. 1844, 
p. 409.) 

TURPENTINE, OXX OP. C , ®H' a . — A volatile oil contained in the wood, bark, 
loaves’ and other parts of pines, lira, and other troes belonging to the coniferous order, 
ii nd separable therefrom by distillation with water. It is usually prepared by dis- 
tilling crudo turpentine (p. 919), either alone or with water. It was formerly supposed 
that all the volatile oils thus obtained, and having a composition represented by the 
formula C'°1L U , were identical in physical and chemical properties; but recent inves- 
tigations, especially thoso of Bertholot,* have shown that the turpentine-oils ob- 
tained from different sources exhibit considerable diversities in their physical and more 
especially in their optical properties ; further, that most kinds of turpentine-oil are 
mixtures of two or more isomeric or polymeric hydrocarbons, differing in physical and 
sometimes also in chemical properties. These modifications are often produced by 
the action of heat and of chemical reagents during the purification of the oil. 

The following varieties of turpentine-oil are distinguished: — 

1. French turpontiuoroil, obtainod from tho French or Bordeaux turpentine 
of Pinus maritime .. 

2. English turpe ntino-oil, from tho turpentine collected in Carolina, and other 
southern states of the American Union, from Pinus australis and P. Tceda. 

3. German turpentine-oil, chiefly from the turpentine of Pinus sylvestris, 
P. nigra , and P. rotundata. 

4. Vonetian turpontine-oil, from Venice turpentine, the produce of Larix 
curoptea. 

5. Templin or Pine-cone oil, obtained from the cones of Pinus Pumilio, and, 
in some parts of Switzerland, from those of Abies pectinate. 

Related to the true turpentine-oils are also two volatile oils, likewise obtained from 
coniferous plants — viz., oilof juniper from Junipcrus communis, and oil of savine 
from Juniperus Sabina . 

The several varieties of turpentine-oil, when purified by repeated rectification with 
vitatet, afil odourless mobile liquids, having a peculiar aromatic but disagreeable 
They are insoluble in water, slightly soluble in aqueous alcohol, miscible in 
KKpmportionn with absolute alcohol, ether, and carbonic disulphide. ThOjf dissolve 
Idfijme, sulphur, phosphorus, aud many organic substances which are insoluble in 
water, such as fixed oils and resins, and are therefore used for making varnishes. 

The diversities of character exhibited by turpentine-oils of different origin, relate 

* Ann. Ch. Pharm. Ixxxlli. 1015 ; lxxxviif. 345 ; cx. 367 : Suppl. If. 236; further, Traitt de Chfmie 
r a (unique, It. 693, 716— 7 AU Pur references to earlier researches on lurpvu tine-oil, tee GmeUifr 
toot, xiv. 



chiefly to the specific gravity, boiling-point, and optical rotatory power. It most be 
remembered, however* that the substances designated a 8 turpentine-oils are often 
mixturea of several substances, so that these properties may vary even in turpentine- 
qils of the same origin, according to the modes of preparation and purification 
adopted. 

The specific gravity of turpentine-oils usually varies from 0*86 to 0*88. Their 
boiling-points are always near 160°. The rotatory power varies considerably : 


For English turpentine-oil . 
„ French „ 

„ Venetian „ 

t , Templin-oil 



a 


+ 18 - 6 ° 
- 35 * 4 ° 
- 8 - 2 ° 

— 76 * 9 ° 


The rotatory power of turpentine-oil is independent of that of the turpentine from 
which it is prepared. Thus, for example, English turpentine-oil is dextrorotatory, 
whereas the turpentine from which it is prepared is laevorotatory. Venice turpentine 
turns the plane of polarisation to the right,. whereas the volatile oil distilled thereflfom 
turns it to the left, &c. 

The principal constituents of French and English turpentine-oils have been more 
particularly examined byBerthelot (Joe. tit.). 

French turpentine-oil consists mainly of a hydrocarbon, C l0 H 16 , called by Bnrtholob 
torebeuthone. This substance cannot, however, bo readily obtained from the com- 
mercial oil, in which it is contaminated with numerous products of transformation; but 
it may be prepared in a state of purity, by neutralising French turpentine with an 
alkaline carbonate, and distilling it, first over tho water-bath, and then in a vacuum. 
By this treatment, all transformation of the pnxluct by heat, or by reagents, is 
avoided, and a hydrocarbon is obtained of constant physical character. Terebentheno 
thus prepared is a liquid of Hp cifie gravity 0 884, boiling at 161°, and having a 
specific rotatory power «» —42 '3°. 

Australene, or Aus tratorobenthone, tho chief constituent of English turpen- 
tine-oils, prepared ’U like manner from the turpentine of Pinna auetralis t is also a 
liquid, having the same specific gravity and boiling-point as torobenthene, but a specific 
rotatoiy power =» + 21*6°. 

French turpentine-oil likewise contains an isomeric hydrocarbon, torepon til one, 
boiling below 180°, and another called parte rebo nth eno, polymorie with tore bon - 
thene, which boils at about 250°. English turpentine- oil contains, besides australene, 
an isomeric body called austrilonc. (Bert helot.) 

Decompositions. — 1 . Turpentine-oil absorbs tho oxygen of tho air, becoming thicker, 
and ultimately resinous ; at tho same time, carbonic, acetic, and formic acids are pro- 
duced. In this gradual oxidation, tvs in all slow combustions, part of tho atmospheric 
oxygen is converted intp ozone : hence turpontino-oil, after prolonged exposure to tho 
air, always contains oxygon and ozone in solution, together with a continually increas- 
ing quantity of an oxygenated compound. When turpentino-oil containing water is 
exposed for some time to i.he sun’s rays, in a largo fkisk filled with oxygen, which is 
renewed from time to time, a hydrated oxide of turpentine-oil, C lll K" , O.H*O l is 
deposited on the sides of the vessel, in stellate groups of long needles, soluble in hot 
water, also in alcohol and in ether, (ftobrero, Ann. Ch. Pliarm. Ixxx. 100.) 

2. CtUorine is absorbed by turn^ntino-oil, with evolution of heat, sometimes suffi- 
cient to produce inflammation, when paper soaked in rectified turpentine-oil is 
introduced into a vesBel filled with chlorine, the turpentine takes fire, and a quantity 
of black smoke is produced, together with white fumes of hydrochloric acid. — Bromine 
acts in a similar manner. — Iodine is dissolved by turpentine-oil, forming aUftrst a green 
solution, which afterwards becomes hot, and gives off hydriodic acid.. When a con- 
siderable quantity of iodine is suddenly brought in contact with turpentine-oil, explo- 
sion frequently ensues. Turpentine-oil distilled with chloride of lime and water, yields 
chloroform. 

3. Turpentine-oil is rapidly attacked by nitric acid, the concentrated acid often 
setting it on fire. On evaporating the solution to dryness, and then distilling, the 
distillate contains nitrobenzene (Schiff, Ann. Ch. Phartn. cxiv, 201 ). If the nitric 
acid, solution be precipitated with water, and the separated resin distilled with pdMjjilh 
toluidinTjp&sses over, together with other products (Chautard, t^icf.lxxxvm. Up), 
In both these reactions, therefore, products are formed belonging’to the class of aro- 
matic compounds. When turpentine-oil is boiledjfor some time with moderately strong 
nitric acid, n ume rous products of decomposition are obtained, tho formation of which 
has not yet been explained : nitrogen, carbonic oxide, carbonic dioxide, and hydro- 
cyanic acid are evolved as gases ; formic, acetic, propionic, and butyric acids distil 
over; the residue contains oxalic acid, terebic acid (p. 723)* camphretic acid* 
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(described under Ptbooamphbbtio Acid, iv. 757), terephthalie arid, (p; tere- 
benzic acid (5. 728), and terechiysic Acid (p. 725). ^ 

6. Turpentihe-oil heated with litharge takes up 4 Inrpi fciiifif of elswen, yielding 
formate and terebentate of lead. On washing the precipitate with alcolm suspending 
it in water, dagbmposing it with sulphydric acid, exhausting the remaining solid 
substance with alcohol, and leaving the alcoholic solution to evaporate, white crystals 
are obtained, consisting of terebentic acid, CTTHJV (Weppen, Arm. Ch. Pharm. 
c. 263.) 

6. ‘Tbfc action of other acids, salts, &e., which combing directly with turpentine-oil, 
or merely convert it into isomeric or polymeric modifications, will be considered 
further on. 

' < *. 

Compounds of Turpentine-oils with Hydrochloric, Hydrobromic, and Hydriodic Acids. 

Hydro chlorates* — The terebenthenes, subjected to the action of^ hydrochloric 
acid gas, yield a mixture of crystallisable and liquid monohydrochlorates, C I0 1T S . 
HC1. When they are left for some time in contact with fuming hydrochloric acid, or 
when their ethereal or alcoholic solution is saturated with hydrochloric acid, water 
then added, and the liquid left exposed to the air, a crystallisable di hydro chi o- 
* rate, C 10 H I# .2H01, is produced; sometimes, also, unstable compounds of several 
hydrochlorates are obtained. The di hydrochlorates are likewise produced by the 
action of hydrochloric acid upon the hydrates of turpentine-oil, and by that of the 
chlorides of phosphorus on terpin-hydrate and torpin (p. 923). 

The monohydrochlorates are optically active, producing rotation to the right or left, 
according to the nature of the terebenthene from which thoy have been formed : thus for 
the solid monohydrochlorate of tore bentheno, [a] — 32 2°; for that of australene, 

[a] = + 11*7. — The dihydroclilomte is optically inactive. 

The several varieties of turpentine-oil, inasmuch as they consist essentially of tere- 
benthenes, likewise react with hydrochloric acid in the manner just described ; indeed, 
most of the published statements respecting the hydrochlorates of turpentine-oil re- 
late to products which have been prepared from turpentine-oils of unknown origin. 

Solid Monokydrocklorate , C J0 H 1U .HC1. — This compound, also called artifi- 
cial camphor, was discovered by Klein, in 1803. It is prepared by saturating 
rectified turpentine-oil with hydrochloric acid, keeping the liquid cool, pressing the 
crystals which separate after some hours, and recrystallising them from hot alcohol, 
or precipitating the alcoholic solution with water. It forms white crystals or crystal- 
line flocks ; by slow sublimation, it maybe obtained in tufts of needles or shining 
laminae. It rosombles common camphor in appearance and in odour, and sublimes 
easily at ordinary temperatures. It molts at 115°, and boils, with partial decomposi- 
tion, at 16'5°. It is insoluble in water, easily solublo in alcohol (especially at the 
boiling heat), and in oil of turpentine. At ordinary temperatures, it is very stable, not 
giving up its chlorine even to silver-salts ; bnt when heated, it is decomposed by 
water and alcohol (at 160°), though not completely. The hydrochlorato is likewise 
decomposed when heated with salts, the decomposition sometimes requiring rather a 
high temperature. The product is always a hydrocarbon of the formula C^H 1 * — viz. 
camphene, inactivo camphene, or camphilene (pp. 924, 925). 

Liquid Monohydrochlorate , C ,a H ,a .HCl(sometimes called hydrochlorate of tere- 
bene). — Produced, together with the solid monohydrochlorate, by the action of hydro- 
chloric acid gas on turpentine-oil, the proportion of the liquid hydrochlorate being 
greater as the temperature at which the reaction takes place is higher. T<J purify it, the 
liquid decanted from the solid hydrochlorate is cooled to — 10°, in order to remove the 
portion of Bolid hydrochlorate still remaining in solution, then warmed for 6ome time 
in the water-bath, treated with chalk, dissolved in twice its volume of alcohol, deco- 
lorised with animal charcoal, precipitated with water, and dried over chloride of 
calcium. It is u colourless, optically active oil, of specific gravity 1*017. It il de- 
composed by heating with salts, or with bases, but the hydrocarbon (camphilene, p. 

. 925), which is the direct product of the decomposition, has not been further exa- 
mined. By distillation over quicklime, it yields the so-called terpilcne(p. 925). 

P'ikydroehlora te, C ,# H 1# .2HC1. — Produced when turpentine-oil is left for sometime 
iHi^ntact with very strong hydrochloric acid (B e r t h e 1 o t) ; when terpin, terpin-hydrate, 
or terpin ol is saturated with hydrochloric acid gas, or treated witn the fuming arid 
(Deville, Ann. Oh. Pharm. lxxi. 351. — List, ibid, lxxvii. 369) ; also when terpin or 
terpin-hydrate is acted upon by a chloride of phosphorus (Oppenheim, ibid . cxxix. 
-v 149). When a solution of turpentine-oil in alcohol, ether, or acetic acid is saturated 
with hydrochloric acid, easily docomposible compounds of the dichlorhydrate with the 
solid or liquid monohyd roeh l orate are produced ; and on adding water, and leaving the 
liquid for some time in contact with the air, crystals of the dihydrochloratc are obtained. 
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The d^ydrochlorate tome rhombic tables, insoluble in water, mrIIt soluble in 
boiling aroiicfcj ^ ip sl owly decomposed by boiling with water or alcohol, quickly by 
boiling with alcoholic pc^^eolntipn, yielding terpmoL 

ByOrobrdxnute*. — Hydrobromic acid acts on turpentine-oil in the same manner as 
hydrochloric acid, forming a ciyst&llisable and a liquid roonohydrobromtite, C , *H**.HBr. 

A crystaUis&ble djhydrobromate, C l *H l# .2HBr, melting at 42°, is produced by the 
action of phosphoric pentabroiftide on turpentine-oil. When hydrobromic acid gas is 
passed into a solution^of turpentine -oil in acetic acid, a liquid compound of jhe^two 
hydrobromates, C'*H l# .2HBr, is formed; when exposed to the air, 

it yields crystals of the dihydrobromate. (Oppenheim, Ann. Ch. Pnarm. cxxix, 140.) , 

Bydriodates. — Gaseous hydriodic acid does not appear to form a solid compound 
with turpentine-oil. .The product, which is liquid and easily docomposible, appears to 
be a mixture ef two hydriodates, one corresponding with the solid, tne other with the 
liquid monohydroclilorate. 

Terpin, treated with iodide of phosphorus (PI* or PI 2 ), yields the easily decomposi- 
ble dihydriodate, C'°H IS .21II, winch crystallises from otiieroal solution, in colourless 
hexagonal tables molting at 48°. (Oppenheim.) 

Hydratea of Turpentine-oil, 

The terobenthones unite with water in Bcvernl proportions, yielding the following 
compounds : 

C w IP*.3Ii*0 C ,d II'*.2H f O C li H , *.H*0 2G**H'Ml*0. 

Terpln-hy- Terpin. T>tpentln- Tcrplnol. 

iltate. hydrate. 

T »>rpi n, hydrate, C ,# II , *.2H 2 0. aq. (also callod Tirpcntinc-camphor and Hydrate 
of Turpnitthc-oU), is frequently deposited in crystals from turpcntino-oil containing 
water; its production is favoured by the presence of an acid. To prepare it, 8 vols. tur- 
pentine-oil are mixed with 2 vols. nitric acid and 1 to 6 vols. alcohol ; and the mixture 
is frequently shaken during the first few days, thou loft to itself in shallow vessels for 
several weeks. Brown crystals are thereby formed, which must be pressed, and then 
recry st all isod from boiling water, with addition of animal charcoal. 

Torpin-hydmto usually crystallises in largo rhombic prisms ; it dissolvos sparingly 
in cold, easily in boiling water, easily also in alcohol and ether. At 100° it melts, 
gives off its water of crystallisation, and is converted into terpin. The same change 
takes place on exposing the crystals to air dried over oil of vitriol. 

Terpin, C ,# lI l *.2ir*O f melts ut 103°, and solidifies in tlie crystalline state on cool- 
ing. It sublimes at about 150°, in slender noodles. It is dissolved with red colour by 
strung sulphuric acid, and converted into turpentine- oil. The same change tukos place 
on boiling the terpin with dilute acids, hooting it to 100° with chloride of sine, or to 
160° — 180° with chloride of calcium , strontium , or ammonium . Terpin, or terpin- 
hydrato, subjected to the action of gaseous or aqueous hydrochloric acid , or of either 
of the chloride# of jdtosphorus, is converted into the crystallised dihydroehlomto, C'*H 
2HC1. Terpin, distilled with phosphoric anhydride , yields terebene and colophono 
(p. 924). When vapour of terpin is passed over soda-lime , heated to 400 ', tore bon tilic 
acid (p. 723) is produced. Heated with acetic or butyric acid, or with ftcncoic chloride, 
it yields terebeno and poly tere bun ch (p. 924). When heated with arctic anhydride to 
140 Q , for not too long a time, it yields a compound containing C ,0 H , *.C , HK) 2 .H 2 O l re- 

(C'-H”)") 

garded by Oppenheim as an acetic ether, C*H*0 U) 2 . This compound boils at 14U° 

— 150°, under a pressure of 2 centimetres of mercury. , 

Terpinol,- 2C W H U .H*0. (Wiggers, Ann. Ch. Pharm. lvii. 247. — List, ibid, 
lxvii. 367. — Oppenheim, cxxix. 155.)— Producod when terpin is boiled or distilled 
with dilute hydrochloric or sulphuric acid ; also when the dihydrochlorate of tereben- 
thene is boiled with water, alcohol, or alcoholic potash. It is a colourless, strongly 
refracting oil, having a pleasant odour of hyacinths, slightly soluble in Water, and 
optically inactive. Specific gravity * 0 852. It boils at about 168°, but suffers 
partial decomposition at the same time, and in such a manner, that the first portions 
of the distillate contain less oxygen than the later portions. It forms with hydro- 
chloric acid the crystallisable di hydrochlorate, C^H^/iHCl, and may be reconverted 
into terpin by assumption of water. ^ 

Terpentin-hydrate, C ,# H I# .H*0. Liquid Turpentine-camphor, ~T\i\e compound 
is sometimes obtained in the preparation of terpin, either toget her with the latter, or 
forming the only product. It is a liquid insoluble in water ; boils, apparently without 
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decomposition, at 200°— 220°, and in preface of water ippem to Bo converted, under 
circtmian cea not exactly understood; into terpin. ' It Wsoptic^njr acfare; r 0 ]» 
—42*4°. ... When treated with hydrochloric acid, it.yields^fffis cryitalfisable dUiyjL.., 
chlorate, C I# H ,# .2IICJ1. (D e vi 1 1 e, Ann. Ch. Pharm. Ixxi* 348.) 

Molecular Transformations of Turpentine- oil, 

I. By heat.— Terebenthene (p. 922) when carefully prepared, may be distilled, and 
even heated considerably above its boiling-point, without alteration; but towards 250°, 
it begins to undergo a change, the boiling-point rising, the rotatory power diminishing' 

. and the product becoming more easily oxidisable in contact with the air ; This alter- 
ation goes on the more rapidly as the temperature is higher. The product consists of 
fine isomeric and several polymeric modifications of terebenthene. 

The isomeric modification, called terepyrolone, resembles au strapy rolene, but 
has not been particularly examined. The chief product is the polymeric modification 
me tatorebenthon e, C'^II 82 . It is a yellowish viscid liquid, boiling afr about 360°, 
and of specific gravity 0*913. It forms, with hydrochloric acid, the liquid compound 
n M H«HCl. 

Australene (p. 921), heated for soveral hours to 250°, is converted into the isomeric 
body, austrapy rolene, boiling at 177°* and having a specific gravity of 0*847, and 
specific rotatory power = — 11°. It smells like lemon -oil; - is more readily oxidisablo 
than australene, and forms a solid hydrochlorate, 2C ,0 H 18 .3HG1, which has a specific 
rotatory power of — 14*6 \ By continued heating, the polymeric body, mefcaustra- 
torebe ntheno, is produced, very much like metaterebenthene, having a specific gravity 
of 0*91, and boiling at about 360° ; its specific rotatory power is smaller than that of 
australene, and of opposite sign. 

II. By reagents. — Many substances possess the power of converting terebenthene 

into isomeric or polymeric modifications. Some act even at ordinary temperatures, 
others only with the aid of heat. Many produco the transformation in a very short 
time ; others act slowly, and never produce complote transformation. In some cases 
very small quantities of tho reagent are sufficient to produce complete transformation, 
but frequently largo quantities are required. The most energetic reagent is fluoride 
of boron . 1 pt. of this substance instantly converts 160 pts. terebenthene, with great 

riBO of temperature, into polymeric optically inactive modifications, boiling above 300°. 
— Sulphuric acid likewise acts in the cold, but less energetically ; 1 pt. of this acid 
converts 4 pts. torebenthene into an isomeric and a polymeric modification. — Weak 

* mineral acids (like boric acid), and several organic acids (e.g., acetic , oxalic , tartaric, 
and citric acids), act upon terebenthene at 100°; but the action is very slow, and not 
completo, oven after 50 or 60 hours. — Chloride of zinc, at 100°, acts in a similar 
manner. — Fluoride and chloride of calcium, and even the chlorides of the alkali-metals, 
act in like manner, but very feebly ; the transformation takes place, however, more 
quickly in presence of these substancos than under the influence of heat alone. 

The products of these transformations are the same in all caseB, viz. : 
a. Terebene, an isomeric modification. — This substance is best prepared by the 
action of strong sulphuric acid on terebenthene or australene, and may therefftfo also 
be obtained from turpentine-oil. The process consists in mixing the tuipentine-oil 
with ^th of its weight of strong sulphuric acid, leaving the liquid to stand ror twenty- 
four hours, then decanting it from tho sediment, and distilling; repeating the process 
till, the product no longer acts on polarised light ; then washing with water and carbon* 
ate of sodium, drying over chloride of calcium, and rectifying. 

Torebene is a liquid having the odour of thyme-oil, a specific gravity of 0*864, 
boiling at 156°, optically inactive. With hydrochloric acid, it forms a liquid compound, 
2C*°I1 ,6 .IIC1, and similar compounds with hydrobromic and bydriodic acids. 

j8. A liquid optically inactive hydrocarbon, boiling at 250°, and probably consisting 
of sesquitcrebene, C^H 24 . 

y . Difcercbene, Metat erobene, or Co lophene, Produced, together 

with torebene, in the process above described. It is an oil, hiring an aromatic odour, 
a blue iridescence, optically inactive, of specific gravity 0*94, boiling at 310° — 315°. 
It absorbs hydrochloric acid gas, but does not appear to form a definite compound with 
it. Chlorine converts it into a resinous mass, from which alcohol extracts a compound 
crystallising in yellow needles, and probably consisting of a substitution-product, 
C W H**C1 4 . (See i. 1086.) 

5. Various polytere bene s, (C 10 H 18 ) Q . —Optically inactive liquids, of continually 

?Jjjpcreasing viscidity, and boiling at temperatures between 360° and a low red heat. 

III. By combination with hydrochloric acid or water, and decomposition of 
these compounds. 

The solid monohydrochlorates of turpentine-oil, subjected to the action of very weak 
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ragents, yield hydrocarbons, C ,i H 14 , designated by Berthelot u campbenes* The 

1. Tcreca^phene.^^rodiK^ by heating the solid hydrochlorata, prepared tvom 

French turpentine-oil, to 300°’ — 220°, for a considerable time, with stearate of potassium 
or dry soap. The product, purified by recrystallisation from alcohol, is solid and 
cryst&llis&ble, with the aspect of camphor. It melts at 46°, and boils at about 160°. 
Specific rotatory power — —65°. It forma only one compound with hydro- 
chloric acid, namely, a solid monohydrochlorate, C ,# H'*.HC1, whoso specific rotatory 
power is * 32 ; that wjo say, equal and opposite to that of the solid monohydrochlo- 
rute of tiStebonthene. . *' , 

2. Auetracamphone. — Obtained from English turpen tine-oil in the same way as 
terecamphene is obtained f rom the French oil. It resembles terecamphene in all its 
properties, excepting in its optical rotatory power, which is [a] - + 22°. It forms a 
solid monohydrochlorate, having a specific rotatoiy power of —6°. 

3.. Inactive Camphone. — This is a solid hydrocarbon, produced by treating tur- 
pentine-oil,* in tlio manner above described, with stearate of barium, or bettor with 
benzoate of sodium : it resembles terecamphene in every particular, excepting in its 
relation to polarised light. It forms a solid monohydrochlorate, which is likewise 
inactive. 

Camphflenc. — This name is given by Bert helot to a hydrocarbon (not yot exa- 
mined), which is produced by the action of potassium-stearate or other weak reagents 
on the liquid monohydrato of torobenthono. 

Tho same name (also Dadgl) is applied to a hydrocarbon (evidently a product of 
the transformation of camphone), formed by distilling the solid mnnohydrocfiloriitn of 
turpentine-oil several times over quicklime, or in tho state of vapour over lime heated 
to 1 HO J — 195°. It is a limpid aromatic liquid, of specific gravity 0*87, boiling at 166°, 
and without action on polarised light. According to Laurent, it forms, with chlorine, 
the compound C'^II'SCl JICI, which, when treated with alcoholic potash, yieldschloro- 
caniphilene, C ,0 II ,A Cl; and this again unites with chlorine, for ruing the compound 
C l4 H» 4 LT J .HCl, &c. : hence it would appear that camphileno reacts with chlorine in 
the same, manner as ethylene. 

Ter nil one. — An inactive hydrocarbon, produced by the action of weak reagents on 
the solid dihydrochlorate, C ,4 Il ,4 .2FfC*l. 

Terebilone is a hydrocarbon obtained by distilling tho liquid monohydrochlomte 
of turpentine-oil with quicklime or with potassium ; also by distilling the corrcs|»onding 
hydriodate with potash. It smells liko terebene, and is optically inactivo. Hpccifio 
gravity *= 0’843. Boiling-point ~ 134°. 


Substitution-products of Tu rpcntinc-oil 's. 

Chlorine forms, with turpentine-oil, a liquid having a cumphorous odour, and turn- 
ing the plane of polarisation to tho right, even when it has been prepared from laivo- 
rotatory turpentine-oil. It appears to bo a mixture of tetmcliloriiiatfd turpenti no-oil 
and |»trachloroterobene. 

When chlorine is passed over the solid monohydrochlorate of turpenti no-oil, a yellow 
liquid is formed, consisting of C 1 H ,a CI\HCI. itnd easily rcsolrofi into hydrochloric 
acid and tetracblorinated turpentine-oil, C w II lt CI 4 . The latter is crystalline, molts at 
LIO 0 — 1 1 5°, and decomposes nt a higher temperature, It is optically inactive. 

Terebeneal&o forms substitution-products with chlorine, chiefly tetrachloroterebene. 

Bromine acts on turpcntinc-oil and terebeno similarly to chlorine, forming chiefly 
vtetrobrominated products. 

The products of the action of chlorine on camphilene have already been mentioned. 

TVAfBVTXVI-VABVIlHEI. Solutions of resins in oil of turpentine. 

TtnUPim or TtntBZTB BCZVBZAIi An old name for basic mercuric 
sulphate, HgSO*.2ltgO (p. 606). Sulphate of tetmmercurammomum, (N*Hg 4 )S0 4 . 
211*0, is sometimes called ammoniacal turpethnm. 

TVBfITI or fQXSZTB BOOT. The root of Convolvulus Turpcthum, or 
Tporruea Turpcthum, a plant indigenous in India and Australia. It has a disagreeable 
sweetish taste, and contains, according to Boutron-Ch arlard (J.Pharni, viii. 131), 
a volatile oil, fat, a yellow colouring-matter and a drastic resin. This resin constitutes 
about 4 per cent, of the root, and contains about ^th of its weight of a substance 
soluble in ether, the remaining £gths consisting of turpeth in. (Hpirgatis.) 

• The term ** camnhene ** 1* commonly used *• a generic name for the hydrocarbon*, (CJ*H 1 S),^*#e 

i. 724). tf it he restricted to the meaning above given, life entire group may Ini dcflgoste&ss ter- 
pen e*. 
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vmmso ACID. C ,4 H w O*V (STpirgstiB, JT jrtjtCbem. xeii. 97 .; J;di- 
resb.^1864, p. A91.) — An acid produced by the action of baseB on turpethin, C^H^O 1 ". 
When turpethin is dissolved in warm baryta-water, the baryta removed by sulphuric 
acid, the excess of this acid by lead-hydra to, the latter “by sulphydrie acid, and the 
filtrate evaporated, turpethic acid remains as an amorphous yellowish mass, easily 
soluble in water, having a strong acid reaction, and a bitter somewhat sour taste. It 
forms two barium-salts, containing C ,4 H M Ba"0 18 and C ,4 H 58 J3a"0 18 . C w H^QP. It ig 
. resolved by mineral acids into glucose and turpetholic acid. 

TVAPSTanr# C w H i6 0 la . (Spirgatis, loc. cit.) — A purgative resin, isorqepo 
with jalapin and scammonin, extracted from the root of Ipomma Turpethum ( vid. stfp.). 

To prepare it, the root is exhausted with cold water ; the dried residue is treated with 
alcohol, the alcoholic extract concentrated by distillation ; the residue mixed with 
water; and the brown-yellow mass thereby precipitated is repeatedly boiled with water, 
then dried and shaken up four or five times with ether, and repeatedly precipitated by 
ether from solution in absolute alcohol. 

Turpethin thus prepared is a brownish-yellow inodorous resin, g**W*uy exciting 
a sharp bitterish taste, and strongly irritating the mucous membranes of the mouth 
and nose when pulverised. It dissolves easily in alcohol, like jalapin, but is distin- 
guished from that substance by its insolubility in ether. It melts at about 183°, and 
dissolves slowly in strong sulphuric acid, forming a red liquid. When treated with 
alkalis, baryta-water for example, it takes up 2 at. water, and is converted into tur- 
pethic acid. Under the influence of mineral acids, it is redissolved into glucose and 
turpetholic acid : 

C* 4 H M O w + 6H*0 « 3C°H ,2 0* + C M H«0 4 . 

TURPETHOLIC ACID, C ia H 32 0 4 , separates, in the reaction just described, as a 
yollowish- white granular conglomerate ; arid after washing with water, and repeated 
crystallisation from dilute alcohol, with addition of animal charcoal, forms a white 
mass, made up of slender microscopic needles. It is inodorous, has an irritating taste 
and acid reaction, dissolves easily in alcohol, loss easily in other, melts at about 88°, and 
decomposes at a stronger heat, like jalapinolic acid (iii. 440) giving off a white fumo 
which strongly irritates the ©yes and nose . — Turpetholate of Sodium , C IB H sl NaO\ is 
a white mass, having a silky lustre, and exhibiting, under the microscope, sharply 
defined rhombic plates, with angles of about 65° and 126°. — The oarium-saU, 

| s amorphous. (Spirgatis.) 

TURRITS. Syn, with IIutile. 

TTTBSXXiAOO. The root of Tuss'dago Petasites, L. (Pitasites vtdgaris , Deaf.) con- 
tains, according to Roinsch (N. Jahrb. Pharm. iv. 267), a volati’ooil, a crystal lisablo 
acid resin, called resinapi tic aci d, another resin called petasite, the alcoholic 
solution of which forms, with mineral acids, an emerald-green liquid, afterwards turn- 
ing blue when hydrochloric acid is used, — besides glucose, mannite, inulin, tannin, and 
the ordinary plant-constituents. 

TURQUOXS. A native hydrated aluminium-phosphate, 2Al 2 O a .P 2 0*.5H*O l found .* 
in Persia, and much valued as a gem. (See Phosphates, iv. 662.) 

T Y PfrKBTAXi. Printers’ types are made of an alloy of lead and antimony, 
sometimes with addition of zinc or bismuth, and of tin for stereotype plates (i. 816; 
iii. 632). 

TYPHUS, CHEMICAL. Bodies analogous in constitution, and exhibiting ana- 
logous reactions, are said to belong to the same typo. Thus hydrochloric acid, HC1, 
or rat her its multiple »HC1, may be taken as the typo of chlorides, which may, in fact, 
bo derived from it by equivalent substitution : e.g. 3£C1 T Ba"CP, Sb r 'Cl a , Si |T Cl\ As Y Cl 5 , 
&c. In like manner, the sulphates are derived* from the type nfPSQ 4 , the orthophos- 
phates from the type wH*P0 4 , metaphosphates from »IIPO a , &C. In a wider sense, 
the formula HC1 may be taken as the type of chlorides, bromides, lodpjnik fluorides, and 
cyanides ; 11*0 of oxides, sulphides, selenides, tellurides, oxysalts, sulphur-salts, &c. ; 
and H\N of all amines and amides, and of the corresponding phosphorate arsenic, and 
antimony compounds. It is unnecessary to go further into detail on this subject, as 
it has been fully explained in the article Classification (i. 1007), and, moreover, the 
system of formulation according to types has been adopted throughout this work. In 
the present article we shall endoavour to give a sketch of the history of the theories 
of types and substitution. 

Gay-Lussac observed that wax, when bleached by chlorine, gives up hydrogen, 
and takes up a volume of chlorine equal to that of the hydrogen removed. Dumas 
observed the same phenomenon with oil of turpentine ; and by extending the invest!- 



jation to the action & chlorine, bromine and other elements on various organic 
substances, he conclude that : — When a oddy containing hydrogen is m/yectcd fa the 
lehyd rog* nising influence of chlorine* bromine, iodine, oxygen, <fr., it fakes wp, for every 
» tom of hydrogen removed, an atom of chlorine, bromine, iedine, or oxygift fO m. 8]. 

The announcement of this empirical law of substitution gave rise to a largo number 
of experiments in, the same direction, especially by Laurent, who first instituted a 
careful comparison between the properties of the substitution-product and those of 
the primitive compound, and thence concluded that '.— When equttafent substitution of 
hydrogen by chlorine or bromine takes place, the. chlorine or bromine takes up the posi- 
tion previously occupied by the hydrogen , and plays to a certain extent the same part, so 
that the cldorinaied or brominated product is analogous in constitution to the body frv7n 
which it has been formed . 

Dumas was at first opposed to this idea, as to tbo part which the chlorine plays in 
these substitutions ; but afterwards, when a larger number of substitution-products had 
been obtained (by Laurent, Malaguti, Kegnault, and others), and when he himself 
had discovered trichloracetic acid, and shown it to be analogous in all its reactions to 
acetic acid, hMbt only adopted Laurent’s views, but even wont beyond them, extending 
them to substitutions by oxygen, and developing them into tho theory of types, tho 
main principles of which he laid down, in 1839 , as follows: — 

1, The elements of a compound may, in numerous cases, be replaced, in equivalent 
proportions, by other elements, and by compound bodies which play tho part- of 
elements. 

2. When this substitution takes place in oqual numbers of equivalents, the body in 
which the substitution occurs, retains its chemical type, and the element h which havo 
entered into it, play therein tho same part as the element which has been abstracted. 

Tbe chemical typo included bodies containing tho hhitio miml>er of atoms of 
their elements, and resembling one another in their principal chemical properties — such 
as acetic and trichloracetic acids, or chloroform, bromoform, nnd iodoform. When, 
on the other hand, tho chemical character of a body was altered by substitution, tho 
number of elementary atoms remaining the samo, the two bodies woro regarded as be- 
longing to the same mechanical or molecular type : e.g. marsh-gas, CJl* ; formic 
acid, CIPO* ; chloroform, ('HOI* ; chloride of carbon, CC1\ 

The law of substitution is tho expression of facts, which the typo-theory was in- 
tended to explain. It was not supposed that tho typo was preserved beranso suliatitu- 
tion took place in equivalent proportions, but the permanence of tho type was regarded 
ns a power striving to retain the atoms in tho original order, and thus giving rise to tho 
substitution of one element for another. According to this theory, the properties of a 
compound depend, in many cases, upon tho relative positions of its atoms, much moro 
than upon their individual nature. 

Theso viewj wore met with determined opposition by B erzelius and the other up- 
holders of the electrochemical theory. According to that theory, chemical combination 
consists in the union of atoms or moleculoB in opposite electrical states, and the func- 
tion of any element in a compound depends altogether on its electrical polarity. Such 
a theory is plainly irreconcilable with tho idea that a strongly electronegative body like 
chlorine can take the place of a positive element like hydrogen, and discharge similar 
functions in the resulting compound. Accordingly, the advocates of the floctroclieini- 
eal theory at first denied the tacts upon which tho substitution-theory was founded ; 
and afterwards, when these facts had been incontestably established by numerous 
analyses, sought to. explain them in a manner consistent with the principles of the 
electrochemical theory. With this view, Berzelius endeavoured to show that acetic 
and trichloracetic acids are differently constituted compounds, aeotic acid being an 
oxide of the radicle C*M*, whereas trichloracetic consists of oxalic acid u copulated” 
with chloride of carbon ; thus : 


Acetic arid C*fP.O* + I/O 

Tricbfggpietie acid . . . • &CI* + C*& + 110. 

The p tana ag i h snbsjfci tu tion- prod uct g of acetic ether, formic ether, &c., discovered by 
Malaguti andBcgnault, were likewise formulated by Berzelius in a similar msnner: 


Dichlorethylic ether • 

Ferchlorethylic ether . 

Dichloracetic ether . 
Dichloroformic ether 
Monochloromet, hylic oxide 
Dichloromethylic oxide . 
Perchloromethylic oxide . 


&IP.O* + 2CW.CP 
C*0» + 6(7*0* 

2 + OflLO* „ ^ 

2 + cff.cp + wx.cr ♦ ox.ee 

C'B'.O 1 + C'H'.Ct* 

cph. cp + 2Cph.cp 
C(P + ZCCP 
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Bn^thage complicated formulae, which represented compound* evidently analogous 
in prp ertiad; s*K$$nstituted in entirely different ways, met with little acceptance, more 
especially as* in order te^arry out such modes of representation, it was necessary to 
invent a new radicle i&r almost every organic compound that was discovered; and 
finally, when M e 1 i» e n a ihowed that acetic acid can be reproduced from trichloracetic 
acid by the action of s<*£um- amalgam, the idea that these two bodies were differently 
constituted became altogether untenable. Accordingly, it was then assumed that, as 
trichloracetic ackt“fcas oxalic acid copulated with CP CP, bo acetic acid itself was 
oxalic acid copulated with (PH* : 

Acetic acid . . (PIP + (P(P + HO 

Trichloracetic acid . (PCI* 4- CPO* + HO ; 

and this view was supposed to be supported by the fact that chlorine took the place of 
hydrogen in the M copula.” Similar formulae were given for methyldithionic acid^and 
the allied compounds discovered by Kplbe : 

Trichloromethyldithionic acid . (POP + S*(P + HO 

Dichloromethyldithionic acid . CPHCP + S*(P + HO; 

and by this fanciful hypothesis of copul ae, the fact of substitution was supposed to be 
reconciled with the old theoTv. It is clear, however, that by this mode of explanation, 
the possibility of chlorine taking the place of hydrogen in a compound, and discharging 
similar functions therein, was substantially admitted ; and thus the main point of the 
substitution-theory was established. 

In this contest between tho old radicle-theory and the substitution-tbeoiy, tho 
adherents of the latter had somewhat overlooked the good points of tho former, resort- 
ing almost exclusively to empirical formula? to represent tho relations of compounds. 
As, however, it was found that mere empirical formulae did not always represent 
I liese relations so clearly as tho hypothetical formulae of the radicle-theory, endeavours 
were made to construct formulae which should attain this end without requiring the 
us© of the numerous hypotheses of the radicle-theory. This object was greatly pro- 
moted by certain .considerations which G-erhardt put forward in 1839, and after- 
wards further developed under the namoof “ Theory of Residues/’ He says: “When a 
so-called replacement of an element by a compound body takes place, tttlB 1 process is not 
a ri *rct substitution; but an element of the one body {e.g* H^nnites with element 
of the other (O), tho resulting product (HO) separating out 1 ; while the Remaining 
elements (residues) of the two bodies enter into combination.” These residues are 
evidently identical, in many cases, with tho radicles of tho older theq^y, and exhibit tho 
relations of compounds to one another with the same clearness, without the necessity of 
assuming tho pro-existence of those radicles in tho compounds. In short, the uso of 
them in equations of decomposition shows that a group of elements, or in other 
words a radicle, may bo substituted for an element in a compound, without altering 
the type. * , ‘f* 

This process of amalgamation of the i*adicle and type theories received a great stimu- 
lus, in the years 1849 and 1850, by the discovery of the alcoholic ammonia-bases by 
Wurtz and Ilofmann, which showed that, the hydrogen in ammonia, NH 1 , may be 
replaced, partly or even wholly, by an equivalent quantity of theradicles ethyl, methyl, 
&c., forming bodies of the same nature as*mmoam itself. -These discoveries, which 
demonstrated, more clearly than any that J&d gone before, that organic bodies may be 
referred to simple inorganic compounds as types, may indeed be regarded as the foun- 
dation -stone of the modern type-theory. * 

Another very important step in tho same direction was Williamson's discovery 
of the mixed ethers (1850), and his explanation of the general relations of the 
ethers and alcohols, by referring them to the type of water, H*0 (Chem. Soc. Qu. 
J. iv. 100, 229). Williamson subsequently extended these views to acids, repre- 

C s H 3 0 1 

son ting acetic arid, for example, as jj-JO; he also pointed out the possibility of 

replacing the f econd atom of hydrogen in the water-molecule byan acid radicle, thereby 
forming a compound related to acetic acid in the same manner as ether to alcohol 
(Chem. Soc. Qu. J. iv. 850). — This prediction was verified, in 1852, by Gerhardt’s 
discovery of the anhydrides of acetic acid, benzoic acid, &c. From that time chemists 
vied witn one another, in referring organic bodies to (be simplest types of inorganic 
chemistry; and thus arose the views which were systematised by G erhardt in the fourth 
volume of his Traiti de ChimU organique , iv. 660 — 806. (See also Graham’s Elements 
of Chemistry , 2nd edition, ii. 619 — 569, and the article Classification in this 
dictionary i. 1016.) 
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It is usual at the present day to admit four principal types ; 

HH OH* NH> ^ CP; ^ 

or, more generally (denoting monatomic and polyatomic radicles byBoman numerals) 

I + I II + 21 III + SI ^IV” + 41; 

and to these, together with the multiple and mixed types, formed by combining two or 
more of them together, nearly all well-defined compounds may be referred. Sometimes, 
however it is convenient to refer compounds to types containing radicles of higher 
atomicity ; for example : 


Type. 

Phoaphoric 

penU- 

chloride. 

Phosphoric 

oxychlo- 

ride. 

Phosphoric 

acid. 

V + 61 

P*C1* 

'I? 

pf*?)* 

Type. 

Tungstic 

chloride. 

Tungstic 

oxide. 

Sulphuric 

oxide. 

VI + 61 

W*Cl« 

W^O* 

S’*0* 


“*'• £S$L 

chloride. 



Sulphuric 

dlbrotno- 

ethylento 

diethlde. 



The union of ttfo or more molecules of tho same or different types, by the substitu- 
tion of a polyatomic element or radicle for an equivalent number of hydrogen-atoms^ 
gives a considerable extension to the power of typical representation ; for exam ple : 

Fbotpho- Phosphoric 

Type. rous oxychlo- Trlchlorhydrln. Citric chloride, 

chloride. ride. 

8HH PCI* (POrCl* (C , H*)'"C1* (C*H*O l )'”Cl* ‘ 

T _„ Sulphuric Succinic Oxalic 

acid. scld. acid. Glycol. 

2 H '0 - ( 807 ( 0 . (CWOTjo. (y|o. «™Tj 0 . 


Typo. 

Phosphoric 

acid. 

Citric 

acid. 

Olycerin. 

3H*0 


( c-H-pr| 0 . 

<T r i°* 

Typo. 

Ox amide. 

Succlnamlde. 

Bthylene.dlamlne. 

2H*N 


(C wr | N1 

<T>>* 



Sulpho- 

Ph^u. 

Methyliul- 

phurous 

acid. 


Ifo Vlo 

C*H‘ 

CH* 



<T|° 

Type. 

Hyposut- 

phuroui 

acid. 

Type. 

Sulphuric 

chlorhy. 

drate. 

ii 0 

■i* H lo 

T}s 

HCl 

H 'o 

m? 

Type. 

Sulphamtc 

acid. 

Carbamlc 

acid. 

Oxamio 

arid. 

H*N{ 

H*0{ 

h* In 
T' jo 

H* }N 
(corj 

V }o 

H* tv 

C^'jo 


The earns compound may, in many cases, be referred to different types. Thus tri- 
chloride of phosphorus, PCI*, may be derived, either from a triple molecule of hydro- 
chloric acid, 3SC1, by substitution of P" for H* ; or from ammonia, NH*, by substitu- 
tion of P for N, and of Cl a for H*. In the same manneT, the typical molecule, NH*, 
itself may be regarded as three molecules of hydrogen, 3HH, held together by tbs 
VOL. T. 3 0 
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substitution of for H* ; and the typical molecule of water, H*0, may also* be re- 
garded as two xholecules of hydrogen, H*H*, held together by the diatomic element, O. 

It appears, then, that the different types may also be reduced to one, namely hydro- 
gen, which may therefore be regarded as the representative of the sihallest molecular 
unity, or as the unit of molecule. In other words, all chemical compounds may be 
regarded as aggregations of ideal hydrogen-molecules, held together by the introduction 
of one or more polyatomie elements or radicles. 

,f The reduction of the typical mode of representation to this last consequence, shows 
plainly that the entire system is nothing more than a comparison of compounds with 
regard to their composition, not a true theory which can teach us anything about their 
actual composition itself. The several types are, therefore, not classes of compounds 
distinctly separated from one another by difference of constitution, but rather movable 
groups, in which compounds ny>y be placed together, according to the particular analo- 
gies which it is desired to bring to light.” (Kekul6.) 

TYPHA. Two species of this water-plant have been chemically investigated. Tho 
pollen of T. latifolia contains, according to Braconnet (Ann. Ch. Phys. [2], xlii. 
919), 3*6 per cent, stearin and olein, 18*3 sugar, 2 0 starch, 25 .9 pollenin, 2*5 magne- 
sium- and potassium-phosphates, together with small quantities of other potassium- 
nalts, and 0*4 silica. 

The rootstock of tho same plant contains, in tho fresh state, according to Lecocq 
(J. Cliim. mM.xlii. 91), in December, 12*5 pts. starch to 73 pts. water; but in April, only 
10*5 pts. starch to the same quantity of water. A decoction of tho root is said to bo 
used in Turkey as a remedy for dropsy and for snake- bitos. (Landerer.) 

100 pts. of the entire plant of Typka august if olio. contain, after drying, 9*58 per 
cent, ash; and the ash contains, in 100 pts., 14-8 K 2 (), 219 CaO, 1*56 MgO, 0*2 IVO*, 
2*5 SO*, 0*6 SiO 2 , 210 CO 2 , 3*9 P*0\ 16 8 KC1, and 16*9 NaCl. (Schulz-Fleet h, 
Pogg. Ann. cxv. 157.) 

TYftZTE. See Niobates of Yttrium (iv. 55). 

XYROZiIXIS. Copper-froth. Tharmacosiderite. Cupriferous Calamine. Knpa - 

pkrite . Kupferschaum , — A basic arsenate of copper, C u 3 A s^O 8 . 2 Cu"H*G*. 7 IPO , or 
60u"O.As 2 O s .9ll 2 O, found native at Falkensteiu in the Tyrol v and in Other locali- 
ties, sometimes in trimetric crystals, with the faces oP . ooPoo . ooP, cleaving 
perfectly parallel to oP; more frequently reniform, massive ; structure radiate, folia- 
ccous ; surface drusy. Specific gravity = 3*02 to 3*098, Hardness = 1 — 2. Lustre, 
pearly on tho face oP, vitreous on the other faces. Colour apple-green and verdigris- 
groen, inclining to skybluo. Streak a little paler. Translucent to subtramtluwnt. 
Fracture not observablo. Very sextile, Thin laminae flexiblo. Decrepitates strongly 
when heated ; molts before the blowpipe to a non crystalline bead, colouring the fhttne 
green. On charcoal it emits moisture quietly, and on long exposure to the blowpipe- 
flame swells a little from escape of arsenic -vapour. With soda it forms an imperfectly 
fluid mass, containing a white motallic nucleus. Dissolves in acids, with evolution of 
carbonic acid. 

Kob ell’s analysis (Pogg. Ann. xviii. 253) gavo 25*01 per cent. As*0 5 , 43*88 CuO, 
17*46 water, and 13*65 carbonate of calcium ; or, abstracting the latter, 28*96 per cent. 
As*0®, 50*82 CuO, and 20*22 water, the formula 5Cu 3 0.As 2 0 5 + 9H*0 requiring 
29*20 Cu 2 0, 50*28 As 2 O ft , and 20*52 water. 

Copper-froth occurs in the cavities of calamine, calcspar, or quartz, together with 
other ores of copper, in small aggregated and diverging fibrous groups, having a pale- 
green colour and delicate silky lustre. (Dana, ii. 426 ; Ram me Is berg, p. 378.) 

TYROSINE. OT^NO 1 . (Liebig, [1846], Ann. Ch. Pharm. lvii. 127 ; lxii. 269. — 
Warren l)e la Rue, ibid, lxiv, 35.— Bopp, ibid. lxix. 20. — Hinterberger, ibid. 
lxii. 72. — Strecker, ibid, lxxiii. 70. — Piria, ibid, lxxxii. 251.— -Alex. Muller, 
J, pr. Chem. lvii. 162. — Leyer and Roller, Ann. Ch. Pharm. lxxxiii. 332. — Wifct- 
etein, Jahrosb. 1854, p. 656. — Frerichs andStiideler, ibid. 1855, p. 729; 1856, p. 
702. — R. Hoffmann, Ann. Ch. Pharm. Ixxxvii. 123. — Stadeler, ibid. cxi. 12; cxv. 
57, — Erlenm ey er and Bchoffer, Jahresb. 1859, p. 596.— Neubauer, Ann. Ch. 
Pharm, 'cvi. 72. — Frphde, Jahresb. I860, p.579. — Schmeisser, Arch. Pharm. [2], 
o» 14.-*~Kolliker and H. Miiller, Ber. d. phys. Anat. zu Wurzburg, vii. 3. — 
Schmetzer, Inaugural Dissertation, Erlangen, 1862. — Gorup-Besanez, Ann. Ch. 
Pharm. xcviii. 13; <ysxv. 381. — Scherer, J. pr. Chem. Ixx. 406.— C. Wicke, Ann. 
Ch. Pharm. ci. 314. — R. Schmitt and O. Nasse, ibid, c x xxi ii. 211.—* L, Barth, 
ibid, cxxxvi. 110; Bull. Soc. Chiia. 1866, i. 307.— G. Beyer, Zeitschr. f. Chem. [2], 
iii. 436 ; Bull. Soc. Chim. 1867, ii. 368.) 

A crystalline nitrogenous body, produced by the decomposition of albuminoids! 
substances under the influence of acids, alkalis, and putrefaction. It was discovered 
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by Liebig, who obtained it by decomposing casein with molting potash. A, Miller 
found it amongst the products of the putrefaction of veast, Xeyer and Kdller 
obtained it by the action of fused potash on globulin, feathers, hairs, and hedgehog’s 
prickles, or by treating these bodies with sulphuric acid. Hinterberger prcpar<5 it by 
boiling ox-horn with sulphuric acid. Stadeler ^ obtained it m like manner Irom 
muscle-fibrin, vegetable fibrin, fibroin, and animal mucus. Stadeler has further 
pointed out that the white bodies, resembling poppy -seeds, sometimes observed iu 
badly-preserved alcoholic anatomical preparations, also consist of tyrosine; and that 
the so-called cyatinoid tubercles, or xanthocvistin, found by Chevallier and l*aasaigne 
on a corpse two months old, likewise agreed in churacter with this substance. 

Tyrosine occurs ready-formed, and always accompanied by leucine, in the animal 
organism : it has been found in the spleen, and the pancreas ; in the liver and in 
the blood of the hepatic veins, in certain states of*. liver-disease ; in the bile of 
typhous patients ; and m the urine, sometimes forming crystalline sediments (Frerieh s 
and Stadeler) ; in the cutaneous scales in pellagra (Schmetzer). It occurs also in 
cochineal (De la Rue), probably as a product of decomposition, and in most of tho 
lower forms of animal life. According to Wittstein, it is found in American extract of 
rhatany. 

l^rcparation. — From Casein, — Well -pressed cheese, prepared from milk, either fresh 
or curdled, and frepd as much as possible from adhering butter, is fused with its own 
weight of potassium-hydrate (or with solution of potash strong enough to crysUdliso 
on cooling) until hydrogen, us well as ammonia, ia evolved from tho melting mass ; 
the mass is dissolved in hot water, and slightly supersaturated with acetic acid ; and 
tho filtered liquid is left to cool, whereupon needles of tyrosine separate, which are 
purified by repeated solution in water containing potassi um-carbonute, ami precipita- 
tion with acetic acid (Liebig). To purify it Ir an leucine, when obtained in this 
manner, or according to preparation 6 of leucine (iii. f>80), it is reerystullitmi from 
hot, and then washod with cold water. It still retains some brown-red matter, to 
remove which the solution in hydrochloric acid is treated with animal charcoal, 
decomposed with a quantity of potassium-aortal o equivalent to the n mount of hydro- 
chloric acid, and rapidly filtered, whereupon tho filtrate becomes filled with entangled 
needles. Apportion of the tyrosine remains dissolved in the acetic acid, but tho rest 
is thereby freed from ash, which adheres obstinately to tho tyrosine crystallised from 
neutral eolutious. Tho need lea are washed with cold water, and once more crystallised. 
(Bnpp.) 

From Horn . — Dilute sulphuric acid (1 pt. oil of vitriol to 4 pi h. water) ia boiled in 
a copper vessel with horn-shavings (equal to half the weight of the oil of vitriol) for 
about twelve hours, renewing the water as it evaporates. The liquid ia then diluted 
with water, mixed with milk uf lime to alkaline reaction, and strained ; the residue 
is exhausted with hot water; the liquid evaporated at tho boiling heat to about 
two-thirds the volume of the dilute sulphuric acid, and then neutralised with 
sulphuric acid ; the impure tyrosine, which separates in twenty-four hours, is col- 
1 eeled ; and an additional quantity is obtained by evaporating the mother-liquor, 
together with leucine, which must bo separated by solution in cold water. Tho impure 
tyrosine is next heated with dilute soda-icy ; and the tyrosine which separates after 
twelve hours is again collected, and further purified by rccry stallisutiou from aqueous 
ammonia. Horn -shavings treated in this manner yield, on the average, 4 per cent, 
tyrosine and 8 per cent, leucine; fibroin (silk) and animal mucus more than 4 per 
cent, tyrosine (8 Ladder). For Erlcnmcyer and 8c h offer’s determinations of the 
quantities of tyrosine and leucine obtained by boiling various animal substances with 
dilute sulphuric acid, Bee Leucine (iii. f> 79). 

Tyrosine, even after repeated crystallisation from aqueous ammonia, is often con- 
taminated with a small quantity of a sulphurous compound, which adheres obstinately 
to it. To remove this impurity, Stadeler dissolves the tyrosine in water, mixes the 
warm solution with a small quantity of basic lead-acetate, and removes the lead from 
the clear filtrate by sulphuretted hydrogen. Tho concentrated solution then yields,* 
by evaporation, perfectly pure tyrosine. 

From Cochineal. — Decoction of cochineal is precipitated by neutral acetate or basic 
nitrate of lead; the liquid is filtered from the canninate of lead, and treated with 
sulphuretted hydrogen ; and the filtrate is evaporated to a syrup, whereupon a chalk- 
like substance separates. This is washed with cold water, ana several’ times recry s- 
tallised from boiling water, ultimately with the aid of animal charcoal. The separated 
crystals, which have a silky lustre, shrink on the filter to & paper-like mass also 
having a silky lustre. 300 parts of cochineal yield 1 pt. of tyrosine. (Dels Rue.) 

Properties. — Tyrosine crystallises from aqueous solution in stellate groups of long 
slender needles, having a silky lustre, and becoming interlaced and confused in drying. 
From ammoniacal solutions, it crystallises in permanent tufts of larger needles, also 

3 o 2 - ‘ • ** 
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having a silty lustiM; and "by supersaturating warm dilute hydrochloric add m 
tyrosine, a crop of crystals is obtained, consisting of rather thick oblong prism* JoT 
horizontal dome resting on the narrow sides* e f s, with a 

Tyrosine dissolves in 150 pts. of boiling water, in 1900 pts. of cold water Ut 
16°), in about 13,600 pts. of cold 90 per cent. alcohol, not much more freely in bn'r 
alcohol , and is quite insoluble in ether, Jts solubility in alcohol is greatly increase? 
by admixture with amorphous extractive- matter. J asfla 

Tyrosine-solutions are not precipitatM either by neutrot or by &a$u? acetate of lead* 
bn 6 on addition of ammonia , the basic acetate ; produces a precipitate consisting of 
tyrosine combined with lead. A solution of tyrosine is not altered by addition of 
mercuric acetate , unless previously mixed with basic acetate of lead ; in which case the 
tyrosine is almost completely precipitated as a mercury-compound, from which it may 
be separated by sulphuretted hydrogen. An aqueous solution of tyrosine mixed with 
mercuric nitrate remains clear; but on adding a small quantity of soda, a white pre- 
cipitate is formed, containing tyrosine, mercuric oxide, and nitric acid. A moderately 
dilute solution of tyrosine boiled with mercuric nitrate, turns red and deposits a brown- 
red precipitate. Very dilute solutions assume a faint rose-colour, and yield a yellow 
or flesh-coloured precipitate (R. Hoffmann; Stadeler). A small quantity of 
tyrosine gently warmed with a few drops of strong sulphuric acid yields, after dilution 
with water and neutralisation with barium-carbonate, a liquid which is coloured 
violet by ferric chloride ; this reaction affords a very delicate test for tyrosine. (Piria: 
StAdeler.) 

Tyrosine heated for some time with chlorine , or bromine , is converted into percliloro- 
quinone, or porbromoquinono ; at ordinary temperatures, on the other hand, bromine 
forms dibromotyrosino. When chlorate of potassium is added to the hydrochloric 
acid solution of tyrosine, a wine-red coloration is produced ; oily drops separate ; and 
the liquid when distilled yields chlorinated acetone, leaving a resinous mass, which, 
by the further action of hydrochloric acid and potassium-chlorate, is converted into 
perchloroquinone. 

Tyrosine heated with dilute sulphuric acid and peroxide of lead is completely decom- 
posed, carbonic anhydrido being slowly evolved, and the brown liquid, when freed from 
sulphuric acid by means of barium-carbonate, yielding, on addition of alcohol, a dark- 
coloured precipitate, while the filtrate on slow evaporation deposits a few small 
crystals. — Alkaline tyrosine-compounds decompose permanganate of potassium even 
in the cold, forming oxalic acid and a brown substance (Neubauer). Tyrosine 
distilled with potassium-chromate and sulphuric acid, yields bitter-almond-oil, hydro- 
cyanic acid, benzoic acid, formic acid, acetic acid, and Qarbonic acid. (Fro h do.) 
Tyrosino heated with nitric acid, yields nitro-substitution-products. 

Tyrosine is decomposed by heat, emitting an odour of burnt horn ; when heated in 
considerable quantity (mixed with pumico-stone), it yields an oily distillate, smelling 
atrongly of phenol (Stadeler). But when very small quantities of it are heated in 
thin glass tubes to about 270°, a white alkalino sublimate, C*H ll NO, is obtained, very 
slightly soluble in water, and forming a cry. stall isable hydrochlorate and chloroplati- 
nate. This body has the composition of ethyl -oxyph onylamine, C*H 6 (C 2 II # )NO t 
and accordingly tyrosino, from which it is formed by elimination of carbonic anhy- 
dride, maybe regarded as ethyl-amidoealicylic acid : 

C’H T NO s =. C*H*NO + CO*. 

Amidosali- Oxyphenyl- 

cylic acid. amine. 

C T H*( C*H*)NO* - C*H*(C*H*)NO + CO*. 

Ethyl-amidoaali- Ethyl-oxyph©- 

cylic acid. nylanuine. 

(Schmitt and Nasse, Ann. Ch. Pharm. cxxxiii. 211.) On the other hand, accord- 
ing to L. Barth {ibid, cxxxvii. 110), tyrosine, fused with caustic potash, is resolved 
into paraoxy benzoic acid, acetic acid, and ammonia, as shown by the equation: 

C*H ,l NO* + H*0 + O * C ? H a O* + C*H 4 0* + NH»; 

Tyrosine. Paraoxy Acetic 

ben sole acid, 

acid. 

and may, accordingly, be regarded as the ethylic derivative of a mido paraoxy ben- 
zoic acid: 

C , H 4 (NH i )O t C*H 4 (NH.C*H*)O t * 

Aroidonaraoxy- Tyrosine, 

benxoic acid. 

. Compounds of Tyrosine.— -Tyrosine dissolves in acids and in alXealia , forming defi- 
nite compounds. It unites with acids in two proportions, hut is not capable of neutral- 



ising them. It has rather the properties of a weak add, dectattpjsJng the carbonates 
of the alkaline earth-metals at the ooiling heat, and forming, pan^namorphoua, partly 
crystalline compounds, which have a somewhat strong alkaline reaction. 

Tyrosine dissolves abundantly in ammoitia, but crystallises out from the solution 
unaltered. With the fixed bases, on the contrary, it easily forms definite compound's. 

The barium-compound, C f H*Ba w KO*.2H l O, forms somewhat sparingly soluble pris- 
matic crystals, more soluble in cold than in hot water. The aqueous solution has an 
alkaline reaction, and is precipitated by alcohol*— There appears to be also a compound 
containing C*H*Ba"NO*.C*H ,, KO*.-— The ealefamsaU, C*H ,l Ca* , NO* prepared by dis- 
solving tyrosine in lime-water, does not crystallise* A solution of tyrosino boiled 
with calcium-carbonate, appears to yield a mixturo of thiB salt with the compound 
(^H^a^NOM^H^NO*. — The sodium* salt, C*H"Na tt NO # l is formed by saturating di- 
lute soda-ley with tyrosine. The solution is alkaline, and is not precipitated by alcohol. 

Silver-salts . — On adding a saturated ammouiaeal solution of tyrosine, by drops aiul 
with constant stirring, to a concentrated solution of silver-nitrate, in such quantity that 
the liquid no longer smells of ammonia, a heavy amorphous precipitate is formed, 
containing C*H B Ag v N O 3 . H *U . After a certain quantity of the am inon meal solution has 
been added, no further precipitation takes place ; but if tho liquid be then neutralised 
with nitric acid, the compound 2C*H 1 *AgN0*.H*0, separates ns a heavy crystalline 
powder. Both compounds «ro slightly soluble in water, but turn red litmus-paper 
blue. They dissolve easily in nitric ucid und in ammonia, and arc decompos'd by 
boiling with water. 

liydr ochl orate of T'yrosive, C*H n NO*.H01, separates in needle-shaped crystals, on 
adding an excess of strong hydrochloric ucid to a solution of tyrosine in tho same acid. 
Water and dilute alcohol decompose it immediately into tyrosine and hydrochloric 
arid; but absolute alcohol dissolves it without decomposition, forming a solution 
which is not precipitated by platinic chlorido *, the salt is insoluble in ether. 

titrate.— ‘Tyrosine, triturated to a pnsto with water, remains colourless when nitric 
acid is added to it, not in exress ; and tho liquid filtered from undissolved tyrosine, 
yields, by spontaneous evaporation, radiate groups of needles, probably consisting of 
the salt C‘ , JI"NOMlNO*. 

The sit'phafc, C*H |l NO*.H v SO*, is obtained, by treating tyrosino in excess with 
dilute sulphuric acid, and lesiving tho fill rate to evaporate, in long slender needles, 
which are not coloured by ferric chloride, suffer no loss of weight at 115°, and dis- 
solve easily in water; tho aqueous solution, however, soon deposits tyrosine, 

No compounds of tyrosine with organic acids have yet boon obtained. 


Derivatives of Tyrosine, 

Amldotyroslne, C*H 1T N*0* - C*U*«(NH*)NO*. (G. Beyer, Bull. Soc. Chim. 

1867, ii. 309.)-— Obtained by reducing nitrotyrosino with, tin in presence of dilute 
hydrochloric acid. The solution, freed from tin by sulphuretted hydrogen, and quickly 
evaporated (any brown colour that may appear being removed from time to lima 
by sulphuretted hydrogen), yields nearly colourless hydrochloride of amidotyrosine. 
To obtain the base, tho aqueous solution of this salt is mixed with soda, not in excess, 
and evaporated to 100°, till it concretes into a thick magma, a resinous matter 
which forms during tho evaporation being previously removed by filtration Tho 
crystalline magma is then left to cool in a vacuum, and freed by pressure from chloride 
of sodium, which remains in solution. 

Amidotyrosine thus prepared is an anhydrous crystalline powder, very soluble in 
water, slightly soluble in alcohol, permanent in the air when dry, but easily absorb- 
ing moisture, and then turning brown. Heated alcove 100°, it decomposes, and yields 
by distillation an oleaginous liquid, which solidifies to a crystalline mass on cooling. 

Amidotyrosine forms well-crystallised salts.— The hydrochiorats , OT'^^'iHOI. 
H*0, crystallises in long needles, and sometimes forms a white hygroscopic powder. 
It gives off its water at 120°, without coloration. The aqueous solution quickly 
acquires a violet-brown co’our It is more soluble in alcohol than the free base. The 
solution at the boiling heat quickly reduces silver-oxide and platinic chloride to the 
metallic state, a resin soluble in ammonia being formed at the same time. — The acid 
sulphate, C*H , *N , 0\2H*S0* I separates on cooling in anhydrous nodules, soluble in 
water, when the hydroehlorate is evaporated over the water-bath with dilute sulphuric 
acid. — The neutral sulphate, 0 , H , *N*0*.H , 8O 4 , is formed on adding the free base to an 
equivalent quantity or the acid salt in concentrated solution, and separates in well- 
defined crystals ; it reduces oxide of silver . — S ulphaie of sine awl amidotyrostns, 
ZnS0 B .2(C*H t *N*0 , .H*S0 4 ) i is obtained in the crystalline state from a mixture of thu 
two sulphates. 
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Dibromo tyrosine, C , H 0 Ur 7 NO 3 .2H 2 O. (&orup-Besanes.)--The hydibhrm. 
of this base, produced by the action of brcwaine-fa^m* on excess of tjrosinr.!? 1 * 
up, when boiled with water, into hydrobromie acid and dibromotyrosine. Thlt?“ 
separates from concentrated solutions, in slender, white needles; from more Vi 
solutions, after some time, in fan-shaped groups of large rhomboids! tables, or in th'v 
prismatic crystals belonging to the tridink system . The crystals are, at first 
feetly transparent, but, when exposed to the air ; gradually give off their watery 
crystallisation , and become milkwhite. Dibromotyrosine is more soluble in hot than 
in cold water , sparingly soluble in alcohol , insoluble in ether; has a slightly bitter 
taste , an acid reaction , and gives off the whole of its crystallisation-water at 100°. At a 
higher temperature it decomposes, giving off an odour like that of phenyl-compounds. 
It dissolves in alkalis , with decomposition, and formation of metallic bromide ; and 
when treated with nitric acid, immediately becomes reddish, gives off bromine, and 
forms a solution, which, on evaporation, gradually deposits crystals of dinitroty- 
rosine. 

Dibromotyrosino unites with acids and with bases, forming compounds which may 
be prepared similarly to those of tyrosine itself. — The silver-compound , OTPBr'^Ag^NO 2 , 
is it white crystalline precipitate, which turns brown on exposure to light, is decom- 
posed by boiling with water, also by nitric acid, which separates bromide of silver. 

Hydrobromate of Dibromotyrosine, C 9 H®Br 2 NO*.HBr, crystallises in stellate groups 
of small nacreous needles, easily soluble in water and in alcohol, but decomposed by 
boiling with water* — The hydrocklorate , C 9 IPBr 2 NO s .HCl ,gH a O, gives off its water of 
crystallisation at 100°, and in other respocts resembles the hydrobromate. — The 
sulphate, (C f, H fl Br 2 N 0 3 )*.H 2 S0 *, forms interlaced needles, easily soluble in water and 
in alcohol. 

Vltrotyroslne, C f, E 1(, (N0 2 )N0 s . (Strccker, Ann. Ch. Pharm. Ixxiii. 70.)— Whr-n 
tyrosine is suspended in four times its bulk of water, and a quantity of nitric acid of 
spocific gravity l'3,equafin volume to thewatcr, is gradually added, the solution becomes 
warm, acquires a red colour, and, aftor standing for twelve hours in a warm place, 
deposits an abundant crystallisation of nitrate of nitrotyrosine ; and on pressing these 
crystals between paper, dissolving them in water, and adding as much ammonia as can 
bo added without reddening, nitrotyrosine is deposited : it may also be separated from 
the solutions of its salts by acetate of ammonium. 

Nitrotyrosine forms delicate yellow needles, united in warty groups, or in beautiful 
wavellitic crystalline geodes. It is slightly soluble in cold, more soluble in hot water, 
insolublo in alcohol and ether, has a slightly bitter taste, reddens litmus, and decom- 
poses with slight detonation when heated above 100°. It dissolves in ammonia, the 
fixed alkalis, and dilute min oral acids, but not in acetic acid. 

Nitrotyrosine unites with acids and with bases, in the same manner as tyrosine. — - 
The barium-salt , Ba''[C 1> H‘ ) {N0 2 )NO s ] 2 , is a blood- rod amorphous mass. — Tho silver-salt , 
C 8 H 8 Ag 2 (N0 2 )N0 3 , is an orange-yellow precipitate, soon changing to a deep red 
granular powder, somewhat soluble in water; there appears also to bo another silver- 
compound containing C*H 0 Ag(NO 2 )NO 2 . 

Hydrochlorate of Nitrotyrosine , l?rC 9 H 10 ^NO 2 )NO , .IICl].H s O, crystallises in tufts 
of lomon-yellow needles, easily soluble in water and in alcohol. — Tho nitrate, 
C B H l0 tNO 2 )NO 3 .HNO 1 , forms lemon-yellow needles, insoluble in ether, easily soluble in 
alcohol, soluble in 5 pts. of water ; the solution decomposes on standing, depositing 
nitrotyrosino. — Sulphate of Nitrotyrosine, 2C B H ,0 (NO a )NO\II 2 SO 4 , forms yellow 
needles or granules. 

Di nitrotyrosine, C®H B (N0 2 ) s NO*. (Stadelor, Jahresb. 1860, p, 576.) — Produced 
by gently heating nitrate of nitrotyrosine with a mixture of equal volumes of water 
and nitric acid of specific gravity 1*3. On washing the lemon-yellow residue with cold 
water, and recrystallising it from boiling water, the dinitrotyrosihe is obtained in goldrn- 
jellow shining laminae. It is very slightly soluble in cold water, not much more in 
hot water, easily soluble in alcohol, less soluble in ether; has a slight acid taste; 
makes a deep yellow stain ; melts at 115°, nnd decomposes with slight detonation. 

Dinitrotyrosme unites easily with metals, forming red and yellow salts, which 
detonate violently when heated. — The ammonium-salt crystallises from an aquoous 
solution' mixed with alcohol and ether, in Btellate groups of needles, having a deep 
chrome-red colour with violot. reflex. — The barium-salt, C®H , Ba*(N0 , ) 2 NO*.2H 2 O, 
crystallises in rather thick ruby-coloured prisms, more soluble than the calcium-salt. 
—The calcium-salt, C # H T Ca"(NO , ) f .NO*.3H 2 0, is precipitated in golden-yellow six-sided 
tables, on adding ammonia to a solution of di nitrotyrosine mixed with chloride of 
calcium : it is insoluble in alcohol and ether, slightly soluble in water, more readily in 
dilute acetic acid.— The lead-salt separates, on mixing a solution of dinitrotyrusine 
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with acetate of lead, in orange-coloured flocks, which* if Hi the liqtiid; gradually 
become crystalline, and are converted into large stave, formed of chrome-rad hexagonal 
.tables. — The maane$ivm^ait crystallises in stellate tufts of very delicate bright-red 
needles. — The stiver-salt is precipitated by ammonia, from a solution of dinitrotyrosine 
mixed with silwsr-nitrate, in red flocks, which soon become crystalline. 

Brythrosin.— This name is given by SUdcler to the red colouring-matter, formed 
when tyrosine is dissolved in excess of nitric acid, or when a solution or tyrosine-nitrato 
is left to evaporate in the air, and probably also by the action of ozone on tyrosine 
(Gorup-Besanez), It is a red-brown substance, insoluble in the ordinary solvents, 
but easily soluble in alcohol containing sulphuric acid, from which solution it is partly 
precipitated by ammonia, the remaining liquid being green by transmitted, mi and 
opaque by reflected light. Erythroem dissolves in the fixed alkalis with brown-red 
br violet colour, in strong sulphuric acid also with violet colour. Stadeler thinks it 
hot improbable that this body may be identical with hteniatoidin. 

TtmoSSirS-8WHinUC ACXX>. (Frerichs and Stadeler, Jahresb. 1854. 
'p. 676. — Stadeler, Ann. Ch. Pharm. cxvi. 67 ; Jahresb. 1800 , p. 677.) — Tyrosine 
forms, with sulphuric acid, several acids containing the radicle SO 3 . — a. On heating it 
to 100°, with four or five times its weight of strung sulphuric acid, a monobasic acid, 
P*H n NO\SO*, ib formed, which, on diluting with water, neutralising with carbonate of 
barium, and decomposing the .filtrate with sulphuric acid, is partly precipitated, 
together with the barium-sulphate, us anhydrous crystalline acid, and partly separates, 
on evaporating the mother-liquor, ns hydrated pulverulent acid, C*ll ,, N0 l .i$l.VV2!l , O. 

The crystalline acid is very slightly soluble in cold water, dissolves slowly in hot 
water, and is gradually deposited from this solution, on evaporation, or on addition of 
hydrochloric or nitric acid, in prisms or tables; it is but very slightly soluble in 
alcohol, even at the boiling heat. — The. hydrated acid is a starchliko powder, con- 
taining from 0*8 to 12 per cunt, water, and much more soluble in water and alcohol than 
the crystalline acids (12 per cent, water = 2 at.). 

Tyrosine-sulphuric acid has a strong acid reaction, and produces, with a small 
quantity of ferric chloride, a splendid violet colour — or rose-red in very dilute solutions. 
Its wilts, which are mostly very soluble, and likewise produce the violet colour with 
ferric chloride, are amorphous, and not preci pi table by nitrate of silver or neutral 
acetate of lead, but yield a precipitate with tl»o basic acetate. — The a mmon ivm-anlt % 
C*H**(NH‘)XC)>.Si >’.lK>, gives olF water and ammonia when heated, and then 
becomes acid. — The Larium-mlt, C*Il ,# Ha* , NO*.SO , . 1 211 , O t and tho ca{cium-*aU t 
0 3 .S0\2^1P0, have nn alkaline reaction, and disagreeable salino bitter 

taste.. 

&. When tyrosine and sulphuric acid arc heated in the proportions above men- 
tioned, but more strongly and for a longer time, an acid is formed, the barium-sail of 
which has the Bume composition as tho above, but a neutral reaction and aweet turtle, 

y. By strongly heating tyrosine with tt to 12 pLs. sulphuric acid, dibasic ncids 
are produced, the barium-salts of which still yield the violet colour with ferric 
chloride, but differ in composition and in their other properties from those above de- 
scribed. One of these barium-salt h, crystallised in nodules, was tasteless, had an 
alkaline reaction, dissolved slightly in cold, more freely in hot water, and was found 
to consist of C*H B Ba"NO*..SO , .3Il ; 0. 

Z. The action of sulphuric acid on tyrosine at high temperatures appears also to 
yield other acids, resulting from more advanced decomposition : they all give the violet 
colour with ferric chloride, but have not been further examined. (Stadeler.) 


* VZam. A mineral from Uig, in the Isle of Bkyc, containing 62*40 per cent, 
silica, 17*98 alumina, 9 97 lime, 0*30 magnesia, 0*03 potash, 1*40 soda, and 17*83 
water. It has a white to light-yellow colour, nacreous lustre, hardness — 5*6, and 
specific gravity *» 2*284. Before the blowpipe it melts quietly and easily to an opaque 
enamel. (Saddle, N. Jahrb. f. Mineral. 1858, p. 823.) 

VUSfTI, Syn. with Bobocaixjitb (i. 043). 

VXUOOi Attempts have been made in Holland to cultivate the root of UtUrn 
tuberosu* on the large scale as a substitute for the potato. 100 pts. of the fresh root 
contain 87*9 pts. water, 10*95 organic matter, and 1*15 ash. 100 pts. of the dry sub- 
stance contain 3*1 pts. fat (mostly crystallieable), 29 4 fruit-sugar (with extractive 
matter and a little resin), 4*0 gum, 33*3 starch, 11*9 solid albumin, 18*3 cellulose, and 



other wobble substances. The dry root contains 2-6 per cent nitrogen, eqninknt 

to 17 per cent albuminous aabstoncft. Tie ash contains lime, fame oxide, eoda, 
phurtc acid, phosphoric acid in large quantify, chlorine, and carbonic adds, together 
with small quantities of magnesia, potash , and silica. (Mulder and SchabUe 
Pharm. Centr. 1851 , p. 269.) 

OXLM41TZTZ. Antimoniai or antimonio-arsenical nickel-glance, NiSJU(8b^As) a 
(iv. 43). 

VUKASZO ACXX>. Buchner’s name for spireeic or ealicylous acid, obtained from 
8piraa ulmaria . 

UXMXC ACXD. umnr. See the next article. 

DXMOITfl or HVXOVS BV88TAVCB8, These names are given to various 
brown or black substances, occurring in vegetable mould, peat, stable-manure, dung- 
water, and certain mineral waters, and resulting from the putrefaction of vegetable 
or animal substances in contact with air and water. Similar substances are produced 
by the action of Acids and alkalis on cellulose, starch, sugar, fibrin, albumin, &c. ; but 
the composition of these products appears to vary according to the circumstances under 
which they are formed, and the nature of the reagents used in preparing them. 

When sugar is boiled for some time with dilute hydrochloric, nitric, or sulphuric 
acid, black or brown scales are deposited, which, after being washed with water, dis- 
solve partially in ammonia, leaving a black insoluble substance called ulmin; and 
the ammoniacal solution, when neutralised with an acid, deposits brown or black gelati- 
nous flocks of uimic acid, soluble in pure water, but insoluble in water containing free 
acid or sulphate of potassium. Uimic acid and ulmin have the same composition, 
0' i4 H ,g O*, according to Stein (Ann. Ch. Pharm. xxx. 84), differing from that of sugar 
only by the elements of water. Uimic acid is converted into ulmin by prolonged 
desiccation, and more quickly by boiling with strong hydrochloric acid. 

When vegetable mould, or mouldered wood from the trunk of a decaying tree, is 
digested in a weak solution of potash or soda, a brown liquid is formed, which, on 
addition of an acid, yields a blackish-brown precipitate, easily soluble in alkalis, and 
always retaining a considerable proportion of nitrogen. Mulder (Ann. Ch. Pharm. 
xxxvi. 243) regards this precipitate as a mixture of three substances, which are com- 
pounds of water, or of water and ammonia, with three different acids, viz. — geic acid, 
C"H l, 0 7 ; humic acid, C ,JO H 52 0* ; and uimic acid, C*°II ,4 0*. These formulae are 
very doubtful, but the substances in question are obviously the product of vegetable 
matter in a state of decay more or loss advanced. They are very much like the above- 
mentioned products of tho decomposition of sugar. 

The name “ uimic acid,’' or ‘ ulmin,” was given by Klaproth to a gummy substance 
contained in the black alkaline excrescences on the stems of unhealthy trees, especially 
of elms. 

Ulmin is also the name of a brown pigment, produced by the action of strong acids 
or alkalis on various organic bodies, especially by heating treacle or alcohol with 
strong sulphuric acid, thoroughly washing the residue with water, then triturating it 
with gum, and drying the mixture. A similar colour is obtained by boiling alcchol with 
■olid caustic potash, washing the product with hydrochloric acid, and then with water. 

For details respecting the various observations which have been made upon ulmous 
or humous substances. Bee Gmeliria Handbook , xvil. 458. 

ULOTB, The bark of the common elm, Ulmus campestris, contains tannin, resin, 
mucus, and inorganic salts; the mucus, according to Braconnot, is very much like that 
of linseed. The bark of old elms often exudes gummy or mouldy substances, containing 
vegetable mucus, together with the carbonates of potassium, calcium, and magnesium. 
Klaproth's ulmin was a substance of this kind. The leaves of the elm are said to 
contain a bitter principle and a yellow colouring-matter, and (according to Keller- 
man) the flowers, at the time when the buds turn red, contain a red and a green colour- 
ing-matter. 

The composition of the ash of the bark and wood is as follows : — 



K *0. 

wo * 

CaQ. 

MgO. Fe"'PO«. P*0*. 

SO 3 . 

SiO *. 


Bark 

2*2 

10*1 

727 

3*2 1*2 1*2 

0*6 

8*8 - 

100 

Wood 

21*3 

13*7 

47*8 

77 1*7 2*8 

1*3 

3*1 - 

100 


V&mSTB, A rock occurring in the TJlten Valley in the Tyrol, consisting of a 
crystalline, fine-grained, slaty mixture of garnet with disthene and a small quantity 
of mica. 

ffliTTl Outrcmer , — The fine bine pigment known by this name 

consists essentially of silica, alumina, soda, and sulphur, and is regarded as a sodio- . 
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aturainic silicate, united either with polysulphide of sodium alone, or with a poly- 
sulphide and a polythionate of sodium. * ■**. 

Ultramarine occurs native in several minerals, to which it imparts its blue oolour, 
and the characteristic property of giving off sulphydric acid and yielding a jelly of 
silica, when treated with hydrochloric acid ; such are nosean, hauyne, ittnerite, and 
especially lapis-lazuli, which occurs intergrown with limestone^and mixed with iron* 
pyriteB, in Siberia, Thibet, China, and on the Cordillera of Ov&lle in South America, 
From this mineral, ultramarine was formerly obtained by gently calcining tlio atone, 
broken into fragments of about the size of hazelnuts ; quenching the heated fragments 
in vinegar, by which they were rendered more friable and wore deprived of adhering 
carbonate of calcium ; — then pulverising them ; levigating the powder for a long time 
with a thin syrup of honey and dragon’s-blood ; mixing it to a paste with a resinous 
cement composed of colophony, white pitch, yellow wax, and liiiBood-oil ; then leaving 
it at rest for some days; and extracting the ultramarine from it by suspension in 
water, and decantation. By this protracted mechanical treatment, the ultramarine wus 
obtained in the form of a veTy fine soft powder, of various shades of blue, the portions 
first deposited being the darkest, and the last constituting a pale-blue powder called 
ultramarine ash (ccndres (Toutmner). 

This process being very tedious, and the lapis-lazuli being a rare mineral, obtainable 
only from romote and difficultly accessible localities, natural ultramarine was neces- 
sarily a very costly article; and of late yours, it has been entirely superseded by 
artificial ultramarine, which can be made equal, or evon superior, to the natural 
product in colour and lustre, and at a price low enough to admit of its extensive uso 
as a pigment. 

The idea of preparing ultramarine artificially was suggested by the discovery of 
blue masses, moro or loss resembling it, on taking down soda-furnaces and limekilns, 
Tessaert, in 1814, found a blue mass of this kind in a soda-furmico at St-, Gohain, and 
gave it to Vauquelin for analysis, who prunounced it to bo lapis-lazuli (Ann. Chim. 
Ixxxix. 88). Kuhlmann found on the hearth of a salt-cake furnace, similar blue masses 
surrounded with very small brown-red crystals of sodium-sulphide (Dumas’ Traitk de 
Ckimie appliqute, ii, 419.) A similar observation was made by llermann in SchiineWk. 
These observations induced the Sotii-te <T Encouragement at Paris, in 1824, to offer a 
prize of 6,000 francs for the discovery of a mode of preparing ultramarine artificially; 
and this prize was awarded to G uimot, of Toulouse, in 1828. A mode of obtaining 
artificial ultramarine had, however, been previously discovered by C h r ist i a n G m e 1 i n, 
and published by him at the beginning of tlia year 1828 (Wiirtembcrg Naturw. 
Abhandl. ii. 191). Guimut’s process was first applied on the manufacturing scale, but 
it was kept secret. Gmciin’s process is as follows*. — 

Soda-ley saturated with precipitated silica, is mixed with aluminium-hydrate (con- 
taining 20 per cent, water, and obtained by precipitation from alum not containing 
iron), In such proportion that the mixture shall contain 31 ptn. dry silica to 26 pta. dry 
alumina; the liquid is then evaporated to dryness, and the pulverised residue is mixed 
with flowers of sulphur In the next place, the same quantity of a mixture of dry 
sodium-sulphate and flowers of sulphur, in equal parts, is weighed out; the whole 
carefully mixed and stamped into a crucible, so as to fill it completely ; the crucible, 
tightly closed, is quickly neated to redness, so that the sulphur may not volatilise 
befere the sulphide of sodium can be formed ; and the mass is kept at a red heat for 
two hours. The crucible is then left to cool with tho cover on, and the greenish-yellow 
product (green ultramarine) is gently hrnted in porous crucibles, in which narrow 
channels nave been bored to increase the draught. The blue mass thus obtained is 
finely pulverised, levigated, and washed* 

Gmelin’s process includes all the conditions essential to the preparation of a good 
ultramarine; all the fnore recent processes, indeod, differ from it, chiefly, in using day 
instead of the artificially prepared mixture of silica and alumina. At the present day t 
manufacturers of ultramarine uso mixtures of luvolin with Glauber-salt and charcoal, 
or with carbonate of soda and sulphur, or carbonate of soda and Glauber-salt together. 
The mixture is ignited in dosea crucibles or boxes of fireclay ; and the green ultra- 
marine thus obtained is ground in a mill, and then roasted, with addition of sulphur, 
to convert it into blue ultramarine. Gen tele (DingL poL J. cxlL 116; cxlii. 380) 
gives the three following mixtures: 


Kaolin, anhydrous . . • 

100 

100 

100 

Calcined Glauber-salt . • 

• 83 to 100 

, . 

41 

Carbonate of soda . . . 

ft • s ft 

100 

41 

Charcoal 

. . n 

12 

17 

Sulphur 

. 

60 

13 


The colouring-mat ter of ultramarine baa been the subject of investigation by 



many chemists, but considerable doubt still exists as toitiutne nature 4 
the experiments of Wilkens (Apn. Cb. Pharm. tout. 21), who has wT^**** 
analyses of a variety of samples of artificial ultramarine, both from bis 0 ^“^ 
factory and from other sources, ultramarine , is composed of two portions, one^i 
which — regarded by him as the essential constituent — is constant in composition and 
is attacked with facility by hydrochloric acid, evolving sulphuretted hydrogen; while 
the other portion, not soluble in hydrochloric acid, contains a variable amount of 
sand, clay, oxide of iron, and sulphuric acid. Wilkens's analyses of the pure blue pig. 
meat correspond nearly with the formula (2Al 3 0 3 .3SiO 3 ).(Al s O a .4SiO*).Na s S*0*3N&% 




Calculation. 


Anaffses. 


Silica 


37-8 

’ 40*25 

39-39 

4619 

Aluminium 


27’4 

26-62 

26-40 

25-85 

Sulphur . 


14*2 

13-42 

12*69 

13-27 

Soda(Na’O) . 

. 

200 

19*89 

21*52 

20*69 


Numerous other analyses are given in the Handworierbttch der Chemic (ix. 19). 

Wilkens regards tho blue colou ring-principle as a compound of hyposulphite and 
sulphide of sodium. He states that the presence of iron is not essential to tho pro- 
duction of the colour, but about this there is still some doubt. According to Brunner, 
a corresponding compound, in which potassium-sulphido is substituted for sodium- 
sulphide, is colourless. 

Ultramarine heated in the air, gradually assumes a dull green hue; it is not changed 
"by heating with sulphur, but when melted with borax, gives off sulphur and sulphurous 
acid, and leaves u colourless glass. Sulphuric, nitric, and hydrochloric acids decom- 
pose it, quickly destroying the colour. Chlorine acts still more rapidly, dissolving 
everything but tho silica, and completely discharging tho colour. 

Ultramarine is extensively used, not only as an artist’s colour, but also for paper- 
Staining and other forms of house-decoration, as well as in dyeing and calico-printing. 
In Germany, which is the chief seat of tho ultramarine manufacture), there are about 
twenty factories, each producing annually about 1000 tons of the colour. The manu- 
facture is also carried on in France and in Belgium, and to a smaller extent in England. 

tJXVJL. The alga called IJlva or Rivularm gelatinosa , consists, according to 
Braconnot, of green globules and a colourless jelly ; tho latter is insoluble in water, at 
first, but dissolves on prolonged immersion. The solution resembles gum-water, but 
when treated with nitric acid, yields oxalic instead of mucic acid. 

ITlIKBZSXXiXC ACID. This name wns given by Persoz to a product of the oxida- 
tion of the volatile oil of anise, star-anise, and fennel with chromic acid. Hempel has, 
however, shown that tho acid thus obtained is identical with anisic acid. 


VMBBMXnuftOlTE. C 6 H'0 2 . (Sommer and Zwengor, Ann. Ch. Pharm. 
cxv. 15. — Mossmor, ibid . exix. 260.) — A neutral body, isomeric, or polymeric with 
qui none, to which, however, it exhibits no further resemblance. It is obtained by the 
dry distillation of various resins, chiefly of those derived from umbelliferous plants: 
thus crude galbantun yields, by dry distillation, 0-83 percent, umbelliferone; sagapenum, 
0*32 per cent. ; Asa faitida , 0 28 per cent. It is likewise obtained from opoponax, the 
rosins of sumbul-root, angelica-root, Radix levistki, R. men, and R.impcratoria . Gum- 
ammoniac does not yield it, but it may bo obtained from the alcoholic extract of tho 
bark of the mezoreon or spurge-laurel (Daphne metsereum ), a plant not belonging to * 
the umbelliferous order. 

Umbelliferone may be prepared from galbanum ; — most advantageously, according to 
Mossmer, from the resin purified by boiling crude galbanum with water, dissolving the 
resinous residue in milk of lime, and precipitating the filtered solution with hydro- 
chloric acid. By distilling this purified resin with water, an oily distillate is obtained, 
which, on standing, deposits crystals of umbelliferone, to be purified by recry stall isa- 
tion. The distillate obtained from the alcoholic extract of mezereon-bark, contains 
daphnetin as well as umbelliferone. To separate the former, the solution of the puri- 
fied crystals is mixed with acetate of lead, which throws down a compound of daphnetin 
with lead-oxide, while pure umbelliferone remains in solution, and crystallises on eva- 
poration. UAbelliferono is likewise formed when a concentrated alcoholic solution of 
pure galbanum-resi n , saturated with hydrochloric acid gas, is heated for some time to 

Umbelliferone forms colourless rhombic prisms, having a faint silky lustre; it is 
tasteless, inodorous in the cold, dissolves slightly in cold water, and so abundantly in 
boiling water, that a solution, saturated while hot, coagulates, on cooling, to*a crystal- 
line pulp, forming, when dry, a coherent interlaced mass. Umbelliferone dissolves also 
in alcohol, ether, and chloroform. The aqueous solution is colourless by transmitted 
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light, but exnibits, by rejected light, a splendid blah colour, which 4s deepened by 
addition of alkalis, but weakened or destroyed by aoids. 

UmbeUiferone, when warned (also its aqueous solution when boiled), emits an 
odour like that of coumarin. It melts, at 240°, to a yellowish liquid, which solidifies 
in the crystalline form on cooling; it sublimes below its melting-point, and volatilised 
without residue. 

UmbeUiferone does not appear to unite either with acids or with bases, and is not 
precipitated from its solutions by any salt except basic acetate of lead ; the white 
precipitate thereby produced is decomposed by washing. UmbeUiferone dissolves in 
most acids with aid of heat, not being decomposed even by strong sulphuric acid. Nitric 
acid converts it into oxalic acid. It reduces gold- and silver-salts, but does not appear 
to reduce an alkaline cupric solution. 

DUironi- UmbeUiferone, C a H*Br*0*, is produced by treating an alcoholic solution of 
umbollifrrone with bromine, and separates in flocks, which may bo purified by washing 
with water, then with diluto alcohol, and recrystallisation from alcohol. It is white 
und insoluble iu water; its alcoholic solution exhibits a superficial light-green irides- 
cence. (M os Bmer.) 

Dry umbelliferone is scarcely attacked by chlorine ; but the aqueous solution, when 
treated with chlorine, is quickly decomposed, depositing a small quantity of & chocolate- 
coloured powdor. 

UMBBR. Umbra, Terre fine de Tnrquie umber . Argils ochreme brunr . — A 
pigment, consisting of an argillaceous brown haematite, essentially 2Fo*0 # .SiO*.l£ sr O, " 
with alumina and manganic oxide, according to tho analyst s of Klaproth and v. Mere. 
It was originally obtained from Umbra, in tho Papal States, but is now imported chiefly 
from Cyprus. It forms chestnut -brown to liver- brown amorphous masses, having a 
hardness of 1*5 to 2*5, and a specific gravity of 2 2. It fcols meagre, adheres to tho 
lips, and gives the reaction of iron. It dissolves partially in cold hydrochloric acid, 
and to a greater extent in hot hydrochloric acid, with evolution of chlorine. When 
heated it gives off water, turns dark-brown, and then constitutes the pigment called 
raw umber; by stronger heating, it is completely dehydrated, becoming red-brown 
and softer, and then constitutes b unit u mb or. It is used both as an oil- und water- 
colour, frequently mixed with other colours. 

Cologne umber, Cologno-eart li, or Cologne-brown is an earthy lignite, 
sometimes used as a pigment instead of real umber. 

TJirOBWAltZTS. A hydrated iron-si lira to, allied to nontrouito, occurring in 
Hungary, at Ilnur near Passim in Bavaria, and on the Meenser Steinberg, near Gottin- 
gen, in amorphous, yellowish -green to pistachio-green, opaque masses, imbedded in 
or mixed with opal. Its composition has not been exactly determined, inasmuch as the 
quantitative relations of tho silica and water are rendered very variable by tho admix- 
ture of opal. Von Hauer (Wien. Akud. Bor. xii. 101) obtained, as a mean of ten 
analyses, 57*76 per cent, silica, 20 86 ferrous oxide, 1*77 lime, and 19*78 water. 
Chloropal (L 921) is merely opal coloured wit h unghwarito. 

WXO. Tho blood of U nio pictorum is a mobile, alkaline, slightly bluish liquid, 
which, after separation from tho body of tho mussel, deposit* yellow fibrinous flocks, 
while the remaining liquid becomes turbid on boiling, but not when mixed with acetic 
or nitric acid. (Witting, J. pr. Chem. lxxiii. 121.) 

mrzosma. This namo appears to have been given to two distinct minerals, 
viz. oligoclase and zoisite, both occurring at Unionvillo in Pennsylvania. 

BWXTARY TBBOSY. Systems unitaire. — This term was applied by Gerhardt 
to the system of Chemistry in which tho molecules of all bodies are compared, as to 
their magnitude, with one unit molecule — water, for example, — and all chemical re- 
actions are, as far as possible, reduced to one typical form of reaction, namely doublb 
decomposition. This system has been fully illustrated throughout- the present work, 
and therefore need not here be considered in further detail. (Bee Atomic Wbiohts, 
i. 457 — 473; Chemical Affinity, i. 855—858; Ossification, i. 1016—1022; 
Fobmul^b, ii. 695 ; Gases, Combination of, by Volume, ii. 809 ; Molecule, iii. 1027 ; 
Types, v. 926; also Gerhardt, Introduction d F etude de la Chimie par le sgslbne 
unitaire, 1848 ; and farther Traite de Ckimie organique, iv. 663, et scq.) 

UFAB ia the Malay term for arrow-poison, especially for that obtained from plants 
(for which also, in Celebes and Borneo, the name ipo is used). Generally, speaking, 
however, the term 11 upas tf is applied to two particular arrow- poisons used in the bat 
Indies — namely. Upas Ant jar and Upas Hodja, or Upas TuutL 

Upas Antjar is prepared from the milky juice of Antiaris toxicaria, the puisun- 
tree of Macassar. The-iuice, dried at 100°, contains from 3*6 to 3*7 per cent, antiann 
(i. 310), a compound which kills rabbits inoculated with ^ grain of it, or even less, kor 



fhe preparation of the arrow-poison, the juice is mixed With gmmdpepper, *&. •. 
mrumbet, parts of a species of arum called njampoo, dragon's-blood, and otiwj!? 
stances. The mixture is not boiled, but slowly inspissated to a red-brown mhZ 
ma sb, which is left to dry in the sun. It resembles opium When dry, and forms « 
brown emulsion with water According to Mulder, it contains, besides tmtiarin, & 
non -poisonous resin, gum, sugar, and inorganic salts. When injected into the c ir. 
cuZation, \ grain of it is fatal to rabbits, £ grain to dogs, and from 4 to 6 grains to 
larger animals, such as buffaloes . It likewise kills when taken into the stomach, but 
in that case larger doses appear to be required. 


Upas Radja, or Ujjas Tieut4, also called Upas Tjettik, and in the remoter 
parts of India, Sung-sig (dagger-poison), is prepared from the younger roots, and the 
bark of the older roots of Strychnos Tieuti , a shrub growing in the forests of Java, by 
boiling for an hour with addition of various less essential ingredients. It is brownish- 
black when fresh, resembles opium when dry, has a bitter taste, is for the most part 
soluble in alcohol, and, according to Pelletier and Caventou, contains as its active 
constituents, strychnine and brucine. According to Horsfield and Mayer, it 
acts in the same manner as the fresh extract of Strychnos Tieuti. It is regarded in 
India as the strongest and most dangerous of arrow-poisons. 

The bulbs of certain amaryllidaceous plants, Crinum asiaticum and Or. moluccanum, 
which exert an emetic and diaphoretic action, are used in the East as remedies in cases of 
wounding by poisoned arrows. 

TTBACOarzSZI. Syn. with Uranium-bloom. 


UftAXiXTB. A pseudomorph of hornblende, after augite, from the Ural. 

URALITE-VORPH TOY* An aphanite-porphyry occurring in the Ural, containing 
uralite, and sometimes also crystals of labradorite. 

VSALORTBXTXL Orthite from the neighbourhood of Lake Ilmen, near Mia&k, 
in the Ural, formerly mistaken for tscheffkinite. 

USAMXI. Syn. with Dlsxuhamidb (ii. 315). 

mu&XI IZIiZC ACXB. Dialuramic Acid (Laurent). (Liebig and Wohler, 
Ann. Ch. Pharm. xxvi. 314. — Gregory, Phil. Mag. xxiv. 187.) — Obtained by boiling 
a solution of dialuramide in cold sulphuric acid with water, or by evaporating a solu- 
tion of thionurate of ammonium with a moderate quantity of sulphuric acid. It forms 
transparent four-sided prisms ; or, by rapid crystallisation, silky needles ; they redden 
litmus slightly, and turn red at about 100 J f without losing weight. It dissolves in 6 
or 8 ^ts. cold and 3 pts. hot water, and in sulphuric acid without blackening or 
evolution of gas. It forms cry stallis able salts with the alkalis, and precipitates 
barium-, calcium-, and silver-salts on addition of ammonia; the silver-precipitate 
contains about 64 per cent, silver (Liebig and W oh lor). It dissolves quietly in 
cold nitric acid, but is decomposed by boiling with strong nitric acid. When it is 
boiled with dilute hydrochloric or sulphuric acid, diuluric acid is formed, which is 
partially converted into alloxantin by the action of the air. (Gregory.) 

The formula assigned by Liebig and Wohler to uramilio acid is C*H ,# N*0 7 1, the 
percentage they obtained by analysis is C, 32*09; H, 3*59 ; N, 23*23; O, 41*09; but 
they do not state at what temperature their crystals were dried. Gmelin suggests 
C*H*N*0 T , which is the formula adopted by Lauren t (Compt. rend. xxxv. 629), who 
regards the compound as dialuramic acid, N.C 8 H*N«0*.H t .H.O. Gerbardt ( Chim. 
ora . i. 610),relying on Gregory's experiments, regards it as acid dialurate of ammo- 
nium, the formula of which is - C*H’(NH«)N<0». F. T. C. 

URANATES. Compounds of the uranic oxide with basic metallic oxides. 

mukjrzo ACXD, A name applied to uranio oxide when in combination with 
bases. 


VRAirnr, Syn. with pitchblende or native oxide of uranium 

V1AVXT& Native calcio-uranic phosphate (iv. 585). — Chalcolite , or copper- 
uramte , is an isomorphous mineral having the calcium replaced by copper. 

VBAHIUM. Atomic weight, 120; Symbol, U. — Klaproth, in 1789, discovered, 
iu pitchblende and nranite, a metallic oxide to the metal of which he gave the name 
uranium. Its compounds were subsequently examined by Richter, Bocbholz, 
Lecanu, Brande, and especially by Berae I i us and Arfvedson.* F61igot, in 
1840, showed that the body previously regarded as metallic uranium was really the 


e For reference*, mo GmHin't Handbook , iv. I67« 
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protoxide (UO) ; lie likewise obtained the true metal, and determined Its atomic weight 
correctly. J?hrther examinations of uranium-compounds hare been made by Ebelmen, 
Hummels berg.Wertheim, Patera (J. pr.Chem. bd. 397), Dreakmaao (Jahresb, 
1861, p. 256), and others. 

Uranium is not a very abundant metal. Its principal ore is pitchblende, which 
consists of impure uranoso-uranio oxide ; it occurs also as carbonate in liebigito 
(i. 798) ; as sulphate in johannite, or uranium-vitriol, and n uranium-ochre (p. 616); 
as phosphate in uranite or uranium-mica (iv. 584); as niobate and tantalate in urano- 
tantalite or samarskito; in smaller quantity also in tyrite, bragito, fergusonito (iv. 
65), pyrochlore, and polycraso (iv. 67), and as niobate and titan at o in euxenite 
(ii. 611). 

Extraction.— Uranium is almoBt always obtained from pitchblende, a mineral 
containing from 40 to 90 per cent, of uranoso-uranic oxide, U g 0 4 , associated with 
sulphur, arsenic, lead, iron, and several other metals. The mineral is finely pounded, 
freed by elutriation from the finer earthy impurities ; roasted for a short time to 
remove part of the sulphur and arsenic ; then dissolved in nitric acid, and tho solution 
evaporated to dryness. The residue is exhausted with water; the solution filtered 
from the brick-red residue of ferric oxide, ferric arsenate, and lead-sulphate ; the 
greenish-yellow filtrato is slightly concentrated by evaporation, and left to cool, where- 
upon it deposits crystals ; and the resulting radiated mass of crystallised uranic nitrate 
is drained on a funnel, and then washed with a small quantity of cold water. As the 
water dissolves a portion of the crystals, it is used in a subsequent operation to red is- 
solve the residue obtained by evaporating the solution of pitchblende in nitric acid# 
The uranic nitrate, after being dried in the air, is introduced into a wide -mouthed 
bottle containing ether, in which it immediately dissolves; the yellow solution is left 
to evaporate in the air; and the resulting crystals are purified by solution in hot 
water and recrystallisation. Tho mixed mother-liquids, after dilution with water, are 
treated with sulphydric acid to precipitate arsenic, lead, and copper, and the filtrate is 
freed from oxide of iron by evaporating to dryness, and digesting the residue in water. 
Tho solution thus obtained yields a fresh crop of crystals of uranic nitrate. This salt 
is converted by ignition into uranoso-uranic oxide, UW, and from this the prot- 
oxide is obtained by ignition with reducing agents, and the protochlorido by ignition 
with charcoal a stream of chlorine-gas. (Peligot, Ann. Ch. Phys. [3], v. 5 ; xii. 268.) 

Ebclmen digests pulverised pitchblende with hydrochloric acid, to dissolve tile . 
oxides of calcium, magnesium, manganese, and other metals; Toasts tho washed and 
dried residue with charcoal ; exhausts the cooled mass with strong hydrochloric acid, to 
remove iron, copper, and lend as completely us possible; again roasts the washed 
residue, and then dissolves it in hydrochloric acid. The solution thus obtained in 
evaporated to dryness and again treated with water, which leaves arsenate of iron 
undissolved ; the filtrate is treated with sulphydric acid, and evaporated to the crys- 
tallising point ; and the resulting crystals of uranic nitrate are purified by rccxystal- 
lisation. 

Metallic uranium is obtained by decomposing the protochloride with potassium or 
sodium. If the mixture bo heated in a platinum-crucible over a spirit-lamp, and tho 
soluble alkaline chloride washed out by water, tho omnium is obtained in the form of 
a black powder, or sometimes aggregated on tho sides of a crucible in small plates, 
having a silver lustre and a certain degree of malleability. But, by introducing into 
a porcelain-crucible, first a layer of sodium, then chloride of potassium, and then ft 
mixture of chloride of potassium and protochloride of uranium (the use of the chloride 
of potassium being to moderate the action, which is otherwise very violent), placingthe 
porcelain-crucible within a closed earthen crucible lined with charcoal, and heating it, 
first moderately, till the reduction takes place, and then strongly in a blast-furnace 
for fifteen or twenty minutes, the metal is obtained in fused globules. (PAltgot.) , 

Uranium, in its compact state, is somewhat malleable and hard, but is scratched by 
steel. Its specific gravity is 18*4 ; its colour is like that of nickel or iron. When 
exposed to the air, it soon tarnishes, and assumes a yellowish colour. At a red heat it 
oxidises with vivid incandesf once, and becomes covered with a bulky layer of blade 
oxide, which protects the interior from oxidation. In the pulverulent state it takes 
fire at about 207°, burning with great splendour, and forming a dark-green oxide, 
U s O\ It is permanent in we air at ordinary temperatures, and does not decompose 
cold water. It dissolves with evolution of hydrogen in dilate acids, fbrming green 
solutions. It combines directly with chlorine, giving out great light and heat, and 
forming a green volatile chloride. It unites directly with sulphur at a slightly elevated 
temperature. (Pdligot.) 

Uranium forms two classes of compounds— viz., the uranous compounds, in 
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which it ib hicquiralent, c.g> U"0, U”C1*, U^SO 1 , &c. ; and the uranic compounds, 
in which ft is trieqiii valent ; e.g. : 

fl, °' |(NO')» C^;(SO')* 

Oxide. Oxychloride. Oxynitrate. Oxysutphate. 

There are also two oxides of uranium, intermediate between uranous and uranic oxide. 
There is no chloride, bromide, iodide, or fluoride corresponding to uranic oxide, such 
as UOl 1 ; neither are there an y normal uranic oxy salts analogous to the normal 

ferric salts, such as tf(N0 3 ) s , U ? (S0 4 ) 3 , &c. ; but all the uranic salts contain the 
group U 8 O a , which may be regarded as a diatomic radicle (called uranyl by Pdligot), 
uniting with acid radicles in the usual proportions, and forming normal salts, thus : — ■ 

Uranic oxide, or Oxide of Uranyl (U 2 0 2 )"0 

Uranic oxychloride, or Chloride of Uranyl . . . (U*0*)"C1 3 

Uranic nitrate, or Nitrate of Uranyl .... (U 2 0*)"(NO s ) 2 

Uranic sulphate, or Sulphate of Uranyl .... (U 2 0 2 )"S0*. 

This viow of the composition of the uranic compounds is, however, by no moans 
essential, since they may also be formulated as above. 

UBANZ triVT, BftOlffZDES OS*, a. Ura?ions Bromide, UBr 2 , is obtained, 
in the anhydrous state, by heating a previously ignited and still warm mixture of 1 pt. 

uranous oxide and 0 pts. starch in a stream of bromine- vapour. It is a brown pul- 

verulent mass, exhibiting a crystalline structure on the most strongly heated portions ; 
it fumes in the air, and is very deliquescent. (Hermann, Jalirosb. 1861, p. 260.) 

By dissolving uranous hydrate in aqueous hydrobromic acid, a dark-green liquid is 
formed, which, when evaporatod over oil of vitriol, yields dark-green crystals of hy- 
drated uranous bromide, UBr*.4H 2 0 ; they are very deliquescent, yield an omcrald-grflen - 
solution, and fire decomposed by heat, giving off bromine and leaving uranous oxide. 

Uranic Oxy bromide , U 2 0 2 Br 2 , or Bromide of Uranyl , (U a 0 2 )"Br 2 is pro- 
duced by treating uranous oxide with bromine and water, or by dissolving uranic oxide 
in hydrobromic acid, and evaporating. It forms yellow needles, which have a styptic 
tnsto, give off wator and becomo orange-yellow when heated; and at a stronger heat, 
in contact with the air, givo off hydrobromic acid and bromine, and leave uranic oxide. 
They deliquesce in the air, and their solution gives, with ammonia, a precipitate of 
uranic hydrate. (Bortliemot, Ann. Ch. Phys. [3], xliv. 387.) 

URASTIUK, CHLORIDES OX*. Uranium forms a dichloride and an oxy- 
chloride, analogous to the bromine-compounds just described, also a subchloride 
analogous to the suboxido. 

The Subchloride , U 4 C1“, obtained by strongly igniting the dichloride in hydrogen-gas, 
forms a coarsely fibrous, dark-brown, slightly volatile mass. It dissolves easily in 
water, but the purple solution is quickly converted into uranous chloride, with evolution 
of hydrogon and deposition of a red powder. Ammonia throws down the hydrated 
suboxide. — According to llammelsberg, a, brown subeliloride, U 3 C1\ is formed by 
heating the dichloride in ammonia-gas. 

The Bichloride , or Uranous chloride , UCl 2 , is formed, with vivid incandescence, 
by burning metallic uranium in chlorine-gas ; also by igniting uranous oxide in hydro- 
chloric acid gas. It is prepared by passing chlorine over an intimate mixture of 
charcoal and eithor of the oxides of uranium, strongly heated in a tube of very re- 
fractory glass. It crystallises in dark-green regular octahedrons, which have a 
metallic lustre, and, when heated to redness, volatilise in red vapours, and form a sub- 
limate. It is very deliquescent, fumes strongly on exposure to the air, and dissolves 
easily in water, with a hissing noise and great rise of temperature, forming a dark 
emerald-green solution, which, when evaporated in a vacuum, leaves an amorphous, 
green, deliquescent mass of uranous chloride ; but when evaporated by heat, gives off 
hydrochloric acid, and leaves a residue soluble in water (probably an oxychloyide). 
The solution of uranous chloride, when boiled, gives off hydrochloric acid an$ deposits 
a very finely-divided brown powder. When the same solution is dropped into boiling 
water, the whole of the uranium is precipitated as uranous hydrate.' Alkalis also 
throw down uranous hydrate. The solution of uranous chloride is a powerful de- 
oxidising age lit, reducing gold- and silver-salts, completely converting ferric chloride 
into ferrous chloride,. &c.. 

Dry uranous chloride ignited in hydrogen-gas, gives off a fourth of its chlorine, and 
is reduced to U*C1 § . — Dry ammonia-gas converts it, at ordinary temperatures, into the 
compound 3UC1*.2NH* ; at a red heat, reduction takes place, and the subchloride is 
produced. 

: Uranic Oxychloride, or Chloride of Uranyl , U’O’Cl*. — When dry chlorine- 
gas is passed over uranous oxide at a red heat, the tube becomes filled with an orange- 
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yellow vapour of this compound, whidi solidifies in a yellow crystalline mass, cusily 
fusible, but not very volatile* When ignited with potassium, it yields chloride of 
potassium and uranous oxide. Dissolved in water, it forms hydrated chloride of', 
uranyl, U 2 O a Cl 4 JEPO. The same solution of uranic oxychloride is formed when a 
solution of uranous chloride is exposed to the air, or treated with nitric acid. When 
evaporated, it yields, according to Klaproth, crystals which effloresce on exposure to 
the air ; according to Ar f ve d son, an uucrystalli sable syrup. 

Uranic oxychloride forms double salts with the chlorides of the alkali-metals.— The 
ammonium-salt, 2NH I CI.U 2 0 , C1’ J .2I1 2 0, crystallises, after some time, from a syrupy 
solution, in very deliquescent rhumbohedrons . (Puli got). — The potassium-salt, 
2KCl.U*0 2 Cl a .2H 3 0, is obtained by dissolving uranute of potassium in excess of 
hydrochloric acid, adding chloride of potassium, ami evaporating. The crystals, 
dissolve readily in water; but on ova^K) rating the resulting solution, chloride of 
potassium crystallises out, and uranic oxychlorido remains in solution. — Chloride 
of sodium appears to form a similar double suit.— Uranic oxychloride also forms 
double salts with the hydiocldo rates of organic liases. (C. Gr. Williams.) 

URAIIIUM, CTAV1BU OF. Hut Iittlo is known respecting t hese compounds. 
Uranous oxide does not dissolvo in hydrocyanic acid, and tm* precipitate formed by 
cyanide of potassium in uranous solutions consists merely of hyarutca urauoso-umuic 
oxide, (Ka mmols berg.) 

With uranic - salts, cyanide of potassium forms a yellow precipitate, probably con- 
sisting of uranic oxyeyanide. This precipitate dissolves when warmed in oxcess of 
potassium-cyanide, and is not reprecipitated therefrom by acids, perhaps in consequence 
of the formation of a uranium-compound analogous lo fcrricyuuido of potassium. 
(Fresenius and II null on.) 

# VSAVIVMi DSTBOTIOV AND SSTZMATZON OF. 1. Mowpipe 
Reactions. — Uranic oxido and salts, fused with phosphorus- salt in the outer bl«»w- 
pfpe-flame, produco a clear yellow glass, which beconies greenish on cooling. In the 
ninef flamo the glass assumes a green colour, becoming still greener when cold. 
Similar colours are obtained with borax. The oxides of uranium are not reduced to 
the metallic state by fusion with carbonate of soda on charcoal. 

2. Reactions in Solution. — a. Uranous salts are formed by dissolving 
' uranous oxide in strong hydrochloric or sulphuric acid, or the hydrate in dilute acids, 
also by reduction of uranic salts. They are green or greenish-white, mid yield green 
aqueoutf solutions, from which caustic, alkajis throw down a red-brown gelatinous 
precipitate of uranous hydrate; alkaline carbonates (with evolution of carbonic unity - 
arid©), green precipitates, which dissolve in excess of alkaline carbonate, especially 
of ammonium-carbonate, forming green solutions: the green precipitate, after washing 
and drying, consists of pure uranous hydrate. Uranous salts also yield n green pre- 
cipitate with phosphate of sodium , grey -green with oxalic acid, light-brown with 
fiTtocyanide of potassium. Sulphide of ammonium forms n black precipitate of 
uranous sulphide ; the acid and neutral solutions arc not precipitated by stilpht/driv 
acid . Uranous Balts arc ensily oxidised to uranic salts by exposure to the air, or by 
treatment with nitric acid ; they easily roduco gold- and silver-salt*. 

fi. Urani c salts are yellow; t hoy are mostly soluble in water, and in solution 
have a bitter taste, without any metallic aftertaste. They are reduced to uranous salts 
by sulphydric acid ; also by alcohol or ether in sunshine. — Caustic alkalis, added to, 
uranic solutions, throw down a yellow precipitate, consisting of a uranate of the 
alkali-metal, which is insoluble in excess of the reagent. —Alkaline carbonates produce 
a yellow precipitate, consisting of a carbonate of uranium and the alkali-metal, 
soluble ia excess, especially in acid carbonate of potassium o / acid carbonate of ammo- 
mum. Potash, added to these solutions throws down all tho uranic oxide. From the 
solution in carbonate of ammonium, the uranic oxide is likewise precipitated by 
bdilim.-^Genlbonate of barium completely precipitates uranic oxido from its solutions 
at ordinary temperatures. — r Phosphate of sodium , added to uranic salts not containing 
too much free acid, produces a white precipitate of uranic phosphate, having a slight 
tinge of yellow.— Sulphide of ammonium produces a block precipitate of uranic sul* 
bhide, which remains for a long time suspended in the liquid. — Sulphydrio acid pro- 
duces no precipitate. — Ferroeyanide of potassium produces a dark red-brown precipi- 
tate; ferricyanide of potassium, none. — Metallic sine does not precipitate uranium in 
the metallic state from uranic solutions, but, after a long time, produces a yellow 
precipitate of uranic oxide. 

4. Estimation qnd Separation. — Uranium is completely precipitated from uranic 
solutions by ammonia. The precipitate, which consists of hydra teduranic oxide containing 
ammonia, must be washed with water containing sal-ammoniac, as it runs through the 
tiller when washed with pure water. It is then dried and ignited in an open crucible* 
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result, end prevent further oxidation during cooling, it u accessary to put 
oti the crucible while the substance is still red-hot, and keep it there till the 
is quite cold. The oxide thus obtained contains 84 ’90 per cent. of uranium , Jj, 
accurate result is likewise obtained by igniting the, sesquioxide in an atmosphere of 
hydrogen, whereby it is reduced to protoxide containing 88 24 per centof the metal 
If the uranic solution contains a considerable quantity of an earth ora fixed alkali 
the precipitate formed by ammonia carries down with it a certain portion of Ihemrth 
or alkali, to free it from which it must, before ignition, be redissolved in hyc hoqB oiric 
acid, and reprecipitated by ammonia. 

From the alkali -metals, uranium, in thestate of uranic salt, is separated by am- 
monia, attention being paid to the precaution just mentioned. A method of separating 
uranic oxide from alkalis, founded on the solubility of uranic silicoiluoride in alcohol, 
is given by Stolba (Zeitschr. anal. Chem. iii. 71 ; Jahresb. 1864, p. 718). 

From barium it is separated by sulphuric acid ; from strontium and calciums, also 
by sulphuric acid with addition of alcohol. < ' 

From magnesium, manganese, cobalt, nickel, and zinc, these metals beingin 
the state of protoxide, and the uranium in the state of sesquioxide, it is separated by. 
precipitation with carbonate of barium. — From zinc, cobalt, and nickel it may also , 
be separated by mixing the solution of the chlorides with excess of sodic acetate, and * 
passing a rapid stream of sulphydric acid into the boiling liquid : the zinc, cobalt, and 
nickel are then completely precipitated, while the whole of the uranium remains dis- 
solved. (G-ibbs, Sill. Am. J. [2], xxxix. 68; Jahresb. 1.865, p. 727.) 

From i ro n it is separated by carbonate of ammonia, both metals being in the state 
of sesquioxide ; the uranic oxide then dissolves, while the ferric oxide remains undis- • 
solved. Care must, however, be taken that the carbonate of ammonia be — 
mo nocarbonate, quite free from excess of carbonic acid, otherwise the iron will i 
dissolved. To ensure this condition, the carbonate of ammonia must be prei 
boiled, and the solution of the oxides, if acid, must be neutralised with amxnolMa j 
slight permanent precipitate begins to form : the solution should then be diluted# 
water. The uranic oxide is separated from the filtrate either by boiling, or by super* 
saturation with hydrochloric acid and precipitation by ammonia. -v * 

From aluminium, uranium is also separated by carbonate of ammonia , and Witl* ‘ ■ 
greater facility. - 

From cadmium, copper, load, tin, and all other metals whose salts are msOst^ 
luble in dilute acids (Group i. Analysts, i. 217), uranium is separated by sulphydric 
acid i from chromium , in the same manner as iron is seperated from that metal 
ti. 946) ; and from vanadium, tungst en, molybdenum, and tellurium, by saf- 
phidc of ammonium , in which the sulphides of the last-named metals are soluble. 

For the methods of separating uranium from niobium, tantalum, and titanium, see 
those metals (iv. 61 ; v. 664, 839). 

Volumetric Estimation . — Acid manganic phosphate, added to an acid solution of 
ammonio-uranic acetate, forms a yellowish-white precipitate, which, when the precipi- 
tation is quite complete, changes its colour to yellowish rose-red (from formation of 
basic manganic phosphate). The reaction may be applied to the volumetric estima- 
tion of uranium, by dissolving 1 to 1$ grm. of the uranium-compound in dilute nitric 
or in nitromuriatic acid, supersaturating with ammonium-carbonate, then diluting the 
solution, and adding excess of acetic acid, till the liquid is made up to a litre. If 
phosphoric or arsenic acid is present, the uranium must first b(K precipitated by sul- 
phide of ammonium. The normal solution of manganic phosphate is prepared by 
strongly beating syrupy phosphoric acid with finely-divided manganic ox iac, till 
dark-blue colour is produced, diluting to such a degree that 1 grm. of 
correspond to 30 cubic centimetres, and titrating with pure uranous jgc uranic onideu 
(Guyard, Bull. Soc. Chim. 1863, p. 89; Jahresb. 1863, p. 692.) * - - 

Belouheber (Bull. Soc. Chim. 1867, i. 494) estimates uranium 
means of potassic permanganate, the uranium-salt being previously brought to tin ^ 
minimum of oxidation by treatment with zinc and sulphuric acid*. T?' 

6. Atomic Weight of Uranium. — P41igot, in 1842 (Ann. Ch. Pharm. x£&. 
141), determined the proportion of chlorine contained in uranous chloride, UCl*, bjf 
precipitation with nitrate of silver. Two experiments gave 39*1 and 37*2 per ee®£ 
chlorine, therefore 60*9 and 62*8 per cent, uranium. The latter, regarded by P&igotas 
the more correct, gives : 

v - 85- 71 - ll99 - 

The analysis of uranic acetate, TJ*O a (C*H*0 , ) t .H*0, made by Piligot, in 1846 (ibid, 
lx. 183) gave U — 120*0 and 120*1. Wertheim (J. pr. Chem. xxix. 209), by 
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<rf Bodio-uranio acetate, and Ebolmen (Ana. Oh. Pharm. xlii. 286), by 
analysis of uvame oxalate, obtained somewhat Lower numbers ; but the number 120 is 
regarded as the true atomic weight of uranium. 


OVm Ur anon t fluoride, UF 1 , is produced, togs- 
ther with uranic oxyfluoride, by tha action of aqueous hydrofluoric acid oa green 
uranoso-nranic oxide, . and separated as a green insoluble powder, which passes 
I the filter. It is more easily prepared by boiling the yellow solution of uranic 
^de, obtained as above, or a solution of ammoniacal uranic oxide or carbonate 
fluoric acid, with^ tan nous chloride ; the precipitate of uranous fluoride thus 
produced is easy to wash. Uranous fluoride is also formed by the action of hydro* 
fluoric acid on uranous hydrate, and is thrown down by hydrofluoric acid from a solu- 
tion of uranous chloride, as a bulky green precipitate, when heated in hydrogen-gas, 
it gives off hydrofluoric acid, and leaves a reddish mass, insoluble in water, scarcely 
attacked by strong nitric acid, and probably consisting of a subfluoride. (Bolton, 
Zeitschr. f. Chem. [2"), ii. 363; Bull. Soc. Cnim. 1866, fi, 450.) 

Ftitassio-uranous fluoride, KF,2UF* f is produced by the action of formic or oxalio 
acid, under the influence of light, on,potussio-uranic oxyfluoride ( infra). When oxalio 
add is used, a precipitate of uranous hydrate is likewise formed, but it is easily sepa- 
rated from the double fluoride by solution in dilute acids. Fotassio-uranous fluoride 
is a green powder resembling uranous fluoride, insoluble in water and in dilute acids, 
soluble in strong hydrochloric acid. Sulphuric acid dissolves it easily, eliminating 
hydrofluoric acid. When ignited in the air it melts, gives off hydrofluoric acid, and 
leaves uranate of potassium ; ignited in a close vessel, it leaves a black residue of 
^ uranium-suboxide and fluoride of potassium. Caustic soda separates the suboxido from 
*‘1|£ •'r Heated in hydrogen-gas, it beljaves like uranous fluoride. (Bolton.) 

' flu oride, NaF.2UF* (?), resembles the potassium-salt, but appoars to 

t|Mtore soluble in water. When heated it does not melt, but decomposes like the 
poH| rimfl -salt, leaving a yellow residue of sodium-uranato. (Bolton.) 

9w&w«0 Oxyfluoride, or Fluoride of Uranyl, U’O’F*,- -The yellow solution, 

, obteHfcd by treating green uranoao-urunic oxide or uranic hydrate with hydrofluoric 
acid, leaves, on evaporation, a nearly white uncrystalli sable mass, which dissolves in 
,Wat& and in alcohol (Berzelius ; Bolton). It gives off water at 100°, and, when 
listed in the air, gives off fluorine and leaves uranium-oxide (Bolton). It forms 
•double salts with alkaline fluorides. 

The ammonium-salt , ( N H 4 j F.IP0 2 F*jrH*0 , obtained like the potassium-salt 
(ifrfra), forms indistinct crystals, soluble in water, slightly soluble in hydrofluoric 
acid, and insoluble in alcohol. When calcined it leaves suboxide of uranium. (Bolton.) 

The barium-salt , 3BaF i .2U # 0*F 2 .2H 2 0, is a yellow crystalline precipitate, insoluble 
in cold water, soluble in dilute acids. 

The potassium-salt 3KF.U*0 , F a l separates, on adding fluoride of potassium in 
excess to uranic nitrate, as a lemon-yellow, dense, crystalline precipitate; it is also 
formed by dissolving uranate of potassium in hydrofluoric acid mixed with fluoride of 
potassium. It separates from solution in boiling water in anhydrous crystalline crusts, 
and is deposited by slow evaporation in maclea crystals belonging to the quadratic 
system : it is anhydrous. When heated, it melts, with partial decomposition, to a rod 
liquid, which sol iaiflesto a yellow mass on cooling. It dissolves without decomposition 
in boiling water, forming a solution which does not attack glass. Fused with carbonate 
of sodium, it yields /fluoride and uranate of sodium. Ignited in hydrogen, it leaves 
a residue consisting # of uranium -fluoride, uranium-suboxide, and potassium-fluoride. 
Bf fjprm& Or oxalic arid, under the influence of light, it is reduced to potassio-uranous 
|.»~Tne sodium-salt, NaF.U*0*F*.4H , 0, is sometimes obtained, in 
bit rhombo'idal prisms, by evaporating a mixture of sodium-fluoridei 
% i, or a solution of sodium -uranate in hydrofluoric acid; but on 
Piferystallfise it, fluoride of sodium crystallises out alone. By formic or 
S$s reduced to sodio- uranous fluoride. (Bolton.) 

ZCthxnBS OF. Uranous iodide , UP, is obtained by dissolving 
.hydrate in hydriodie acid ; the green solution, when evaporated in contact 
Itith the air, acquires a brown colour from separation of iodine, and yields a black crys- 
talline mass, insoluble in water, and containing a small quantity of uranic oxyiodiae. 
(B a mine Is berg.) 

nuumrac, osnif OF. Uranium forms four compounds with oxygen — vis 
uranous oxide, UO ; uranic oxide, U*0* ; and two intermediate oxides, Uv and U*0* t 
which may be regarded as compounds of the other two. — A suboxi de, U 4 0*, appears 
also to be precipitated, in combination with water, on adding ammonia to the aqueous 
solution .of the subchloride, UH31*; but the brown precipitate thus produced, quickly 
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take. up oxygen from the voter, and is converted into a greenish-yellow hydrate, which, 
in contact with the air, oxidises further to uranous hydrate. 

Vranoul Oxide, UO. — This oxide, formerly mistaken for the metal, is obtained 
by exposing uranoso-uranic oxide, U a 0 4 , mixed with charcoal-powder, bullock's blood, 
or oiUto the strongest heat of a blast-furnace; by heating the same oxide to redness 
in a current of dry hydrogen ; by igniting uranic oxalate in a close vessel, or (better) 
in a current of hydrogen ; or by igniting pdtassio-unmic chloride (p. 943), either alone 
or in hydrogen. 

Uranous oxide obtained by the last-mentioned process forms, after washing, a 
metallically lustrous powder composed of microscopic regular octahedrons, translucent 
with red-brown colour ou the edges (Arfvedson). That which is prepared from the 
oxalate is a cinnamon-brown or copper-red metallically lustrous powder, of specific 
gravity 10*1 5 (P^ligot; Ebelmen); that prepared by reducing uranoso-uranic 
oxide with charcoal is an iron-grey powder, consisting of feebly lustrous microscopic 
needles (Bucholz). When a solution of ammonium-uranate in hydrochloric acid is 
evaporated with sal-ammoniac and common salt, the remaining mass heated in a 
covered crucible till the sal-ammoniac volatilises and the sodium-chloride melts, and 
the soluble salts washed out with water, uranous oxide remains in the form of a black 
crystalline powder (Wohler). The black anhydrous oxide is also formed by boiling 
uranous Berate with water. 

Uranousxixido easily passes to a higher state of oxidation, the compact crystalline 
variety, ^pwever, less rapidly than the finely-divided oxide; that prepared from the oxa- 
late at $6t too strong a heat is even pyrophoric. Uranous oxide, when heated, burns 
with a Simmering light, and is converted into uranoso-uranic oxide. 

Uranous hydrate is procipitated from uranous salts by caustic alkalis, in bulky 
red-brown flocks, which retain a portion of alkali after washing with cold water, and 
turn black on boiling. 

Uranous oxide, after ignition, is insoluble in dilute hydrochloric or sulphuric acid, 
but dissolves in strong sulphuric acid. The hydrate dissolves easily in acids, forming 
uranous salts. (For the reactions of those salts, see p. 943). 

Uranoso-vranle Oxide, U s O* — UO.U"O a . — This oxide forms the principal 
constituent of pitchblende. It is obtained artificially by igniting the metal or uranous 
oxide in contact with the air ; by heating uranous oxide to redness in an atmosphere of 
aqueous vapour; and by gentle ignition of uranic oxide or uranic nitrate. It is a 
dark-green velvety powder, of specific gravity 7*1 to 7*3. When ignited alone it is 
reduced to the black oxide, U 4 0 3 ; by ignition in hydrogen, or with sodium, charcoal, or 
sulphur, it is reduced to uranous oxide. 

Pitchblende sometimes occurs in regular octahedrons, or combinations of the 
octahedron with the cube and rhombic dodecahedron, but more generally massive and 
botryoi’dal. Hardness = 6’5. Specific gravity = 6*468 — 8. Lustre submetallic or 
greasy to dull. Colour greyish, greenish, brownish-red, or velvet-block. Streak 
brownish-black or olive-green, a little shining. Opaque. Fracture conchoidal, uneven. 
It contains from 70 to 90 per cent, uranous oxide, togetherwith sulphur, lend, ursejiic, 
antimony, bismuth, iron, manganese, cobalt, magnesium, calcium, carbonic acid, phoB- 
phoric acid, silica, and sometimes traces of fluorine (Rammelsb erg’s 'Miner alchemic, 
p. 175). It occurs, accompanying various ores of lead and silver, at Johanngeorgen- 
Btadt, Marienberg, and Schneeberg in Saxony, at Joachimsthal and Przibramin Bohe- 
mia, and at Retzbanya in Hungary. It is associated with uranite at Tincroft and 
Tolcam near Redruth in Cornwall, and at Adrianople in Turkey, 

Uranoso-uranic oxide and ground pitchblende are used for producing a very perma- 
nent black colour under the glaze of porcelain. # 

Uranoso-uranic oxide is but little acted upon by dilute hydrochloric or sulphuric 
acid; but these acids, when concentrated, dissolve it without alteration; by nitpfl 
acid it is dissolved, and oxidised to uranic nitrate. A solution of uranolo-uranic 
in hydrochloric or sulphuric acid, diluted with water and mixed with amincmi^ yieldi 
a grey-green precipitate of uranoso-uranic hydrate, which, if precipitated mfh# 
cold, dissolves easily and without alteration in dilute acids, hut is decomposed dbjr 
carbonate of ammonium, which dissolves out uranic oxide, leaving brown uranoim 
hydrdte. On mixing the solution of uranoeo- uranic oxide in sulphuric acid with alco- 
hol, uranous sulphate separates out, while uranic sulphate remains dissolved. The 
solution of uranoso-uranic oxide in hydrochloric acid is decomposed in the same 
manner on addition of sulphuric acid and alcohol. Hence it would appear that the 
solutions of nranoeo-uranic oxide in acids are mixtures of uranous and uranic salts, a 
view which is likewise in accordance with their other reactions. 

A black oxide of uranium, UK)* or 2U0.U*0^, is produced by subjecting 
uranic nitrate or uranate of ammonium to intense ignition, or by strongly igniting 
uanoos oxide prepared by Wohler’s method in contact with the air. This oxide 
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is regarded by P&ligot and Drenkmann m a distinct compound ; according to 
Hammelsberg and Ebelmen, on the other hand, it is only a mixture of green uranoao 
uranic oxide with uranic oxide. If not too dense, it is oxidised by proSfiged ignition 
in contact with the air. With acids it behaves in the same manner as the green oxide. 
The black colour produced upon porcelain in the manner above mentioned, probably 
consists of this oxide. * 15 * 

tnraaflo Oxide, or Oxide of TTranyl, U 2 O a - (U*0*)"0.~ Uranium and 1« 

lower oxides dissolve in nitric acid, with evolution of nitric oxide, and formation of * 
uranic nitrate ; and when this salt is heated in a basin till it begins to decompose, a#d 
then to 250° in a glass tube, as long as acid fumes continue to escape, .pure uranic 
oxide remains in the form of a chamois-yellow powder. When ammonio-uranic car- 
bonate (i. 797), or uranic hydrate, is heated for some timo to 300°, uranic oxide re- 
mains as a brick-red powder, according to Ebelmen ; according to Malaguti^ however, 
the oxide prepared by heating the hydrate always retains a certain quantity of water. 
Uranic oxide, when heated to redness, gives off oxygen and leaves green umnoso-uranic 
oxide. 

Uranic hydrate cannot be prepared by precipitating a uranic salt with alkalis, 
inasmuch as the precipitate always carries down alkali with it. Pure uranic hydrate 
may be obtained : — 1. By heating uranic nitrate contained in a covered v$|S6l in the 
sand-bath as long as nitric acid is given off; uranic hydrate tlion remains, ^hixed with 
basic nitrate, from which it may be freed by boiling with water (Berselius).-r2. A 
solution of uranic nitrate in absolute alcohol is evaporated at a moderate heigh till, at 
a certain degree of concentration, nitrous ether, aldehyde, and other vapours fjto given 
off wilh violent intumescence, and a spongy yellow mass remains, which, when washed 
with boiling water, leaves uranic hydrate (Malaguti, Compt. rend. xvi. 861 — 3. By 
exposing recently precipitated and still moist uranuso-uranic hydrate to the nir (E hol- 
me n). — 4. By boiling ammonio-uranic carbonate with water, and leaving the powder 
thereby separated (which contains about 2 per cent, ammonia) for some time under an 
imperfectly closed bell-jar (Drenkmann). — 6. By fusing uranoso-urauie oxide with 
chlorate of potassium, and boiling out the fused mass with water. 

The hydrate obtained by either of those processes contains, when dried in the air 
at ordinary temperatures, 11*66 per cent, water, agreeing with the formula U lp 0 B .2ll*0. 

In a vacuum at ordinary temperatures, oral 100° in the air, it givos off half its water, 
leaving the monohydrate, U'*OMl*O t which contains 6*1 1—0 28 per cent, water (by 
calculation, 6*88 per cent.) (Ebelmen ; Malaguti). According to Drenkmann, tho 
dihydrato prepared by the liust two processes does not give off the half of its water 
till heated to lG0 y . 

The monohydrate has alomon-yellow colour, inclining to orange-yellow, and a specific 
gravity of 6*92. It is permanent in tho air, and docs not absorb carbonic acid. 
According to Ebelmen, it gives off all its water at 300°; but according to Malaguti, it 
still retains two-thirds of its water at 400°, and when more strongly heated, gives off 
oxygen as well as water. At a red beat it is reduced lo urunoso-uranie oxide. 

Uranic oxide and its hydrates dissolve in acids, forming the uranic salts (p. 943). 

Uranates. — Uranic oxide unites with basic metallic oxides, forming salts called 
uranatos. The uranates of the alkali -metals are obtained by precipitating a uranic salt 
with & caustic alkali ; those of tho eurth-metols mid heavy metals, by precipitating a 
mixture of a uranic salt and a salt of the other metal with ammonia, or by igniting 
a double carbonate or acetate of uranium and the other metal (calcio-uramc acetate, 
for example) in contact with tho air. The uranates have, for tho most part, the 
composition M 2 0.2U*0*. They are yellow, insoluble in water, soluble iu acids. 
Those which contained fixed bases are not decomposed at a red heat ; but at a white 
heat, the uranic oxide is reduced to uranoso-uramc oxide, or by ignition in hydrogen* 
touranous oxide; tho mass obtained by this last method easily takes fire in contact with 
the air. 

Uranate df Ammonium is precipitated from uranic salts by ammonia, as a yellow 
powder, which is slightly soluble in pure water, quite insoluble in water containing sal- 
ammoniac, is not decomposed at 100°, but at higher temperatures gives off nitrogen, 
ammonia, and water. This salt sometimes occurs in commerce as a fine deep yellow 
colour, called “ uranium-yellow.” It is easily prepared by adding chloride or sulphate 
of ammonium to a boiling solution of sodium -uranate as long as ammonia and ammo- 
nium-carbonate are given off, washing the resulting precipitate, and drying it at a gentle 
heat (Anthon, Ding. poL J. dvi. 211). This salt, when heated to redness, leaves 
pure uranoso-uranic oxide, and may therefore serve as the raw material for the prepa- 
ration of other uranium-compounds. _ 

Uranate of Barium , Ba0.2U*0*, obtained by precipitation, as above described, 
is yellowish-red ox orange-yellow, and when ignited in hydrogen, leaves an inflamma- 
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►-uranic oxjde and baryta. — The calcium-salt is obtained ip a 
- natural uranium-ochres consist of this compound, and in that 
r oxygen at a red heat. — The lead- salt, PbO.2U 2 0 a , obtained 
,/ repeatedly boiling carbonate of lead with fresh quantities of 
, is yellowish- red, becoming brown-red by moderate ignition ; when heated 
tltace it becomes straw-yellow without undergoing reduction, and is then 
Olve in acetic acid ; when ignited in hydrogen, it leaves a pyrophoric 
* i Oxide and metallic lead (Wertheim). — The magnesium-salt , 
1 by igniting magneaio-uranic acetate, is a yellow-brown powder. 
lit, K 2 0.2U !t O*.3H f O (Patera), is prepared by precipitating a 
as of caustic potash; or by igniting potassio-uranic carbonate or 
r by fusing uranic oxide with excess of potassium- carbonate, and washing out 
water.;* When prepared in the wet way, it is a light orange-yellow powder; when 
obtained by ignition, yellowish- red. It is partially reduced by hydrogen, yielding a 
mixture of uranoso-uranic oxide with a more basic uranate of potassium (Berzelius; 
Wertheim). Uranate of potassium may also be prepared from pitchblende in the 
same manner as the sodium-salt (infra). An orange-coloured potassium-uranate is 
produced by precipitating a solution of potassio-uranic carbonate in carbonate of 
potassium with caustic potash, and is prepared on the large scale by roasting pitch- 
blende, with subsequent addition of crude potash and saltpetre (Wy sock 1 , Dingl. 
pol. J. civ. 3CU3J. — An acid salt , K 2 0.6U‘ J 0 , .6H 2 0, is produced by fusing acid uranic 
sulphate with chloride of potassium ; and remains, on lixiviating the fused mass, as a 
yellow powdinr •’composed of microscopic rhombic prisms. It becomes brick-rod by 
prolonged heating, and silver-grey at a white heat, in consequence of the conversion of 
the uranic into umnoso-uranic oxide. (Dr onkmann.) 

The silv er-salt, obtained by precipitation, or by boiling argento-uranic acetate 
with water, is a red powder which decomposes when heated above 100°. 

Sodium-salts. — The noi'mal salt, Na 2 0.U 2 0 3 , obtained like the potassium-salt, is 
yellow, and exhibits characters similar to those of the potassium-salt. By fusing it 
with sodium-chlorido, and lixiviating with water, another salt is obtained, probably 
Na*0.U 2 0*, in yellow six-sided tables, mixed with a small quantity of uranoso-uranic 
oxide (Drenkmann). By fusing uranic nitrate with sodium-chloride, and lixiviating 
the cooled mass, an acid uranate of sodium, Na 2 0.3U*0 3 , is obtained in bronze-coloured 
nacreous laminae, resembling mosaic gold, Hud made up of microscopic rhombic tables. 
It has a specific gravity of 6*91, is insoluble in water, is decomposed only at a white 
heat, afterwards appearing silver-grey by reflected, colourless by transmitted light, 
and containing uranoso-uranic oxide. (Drenkmann.) 

The normaisalt, Na 2 0.2U a 0 a , is much used for imparting a yellowish or greenish 
colour to glass, and as a yellow pigment on the glazing of poreelain. The “ uranium- 
yellow” for these purposes is prepared on the largo scale by roasting 100 pts. of 
flnely-pnlveriscd pitchblende (containing 45 per cent, uranoso-uranic oxide) with 
14 pts. lime in a reverberatory furnace; treating the resulting uranate of calcium with 
dilute Bulphuric acid, by which the uranic oxide is almost completely dissolved ; mix- 
ing the green solution with crude sodium-carbonate, by which the uranium is precipi- 
tated, together with other metals, but redissolved, tolerably free from impurities, by 
excess of the alkali ; and treating the liquid with dilute sulphuric acid ns long as effer- 
vescence ensues. The sodium-uranate is then precipitated as a hydrate, which 
becomes crystalline when dry, and then contains Na v 0.2U 7 0 2 .6H 2 0 (Patera, J. pr. 
Chem. lxi. 307). Glass coloured with uranium-yellow is highly fluorescent. 

A u orange-coloured uranate of sodium may be prepared by precipitating a solution 
of pure sodio-uranic carbonate with cauBtic soda, pressing, drying, and pulverising the 
proeipitale, then washing it, and drying it again. (Wysocki.) 

Uranate of Zinc is obtained by precipitating a mixture of uranic acetate and 
zinc-acetate with baryta-water, or by precipitating uranic nitrate with metallic zinc, 
being then deposited on the metal as a compact yellow coating. (W ertheim.) 

TTEANIUM, 9VLPHIBIB 07. The only sulphur- com pounds of uranium 
hitherto obtained in definite form, are uranous sulphide, US, and uranous oxysulphide, 
U # 9*0. Uranic sulphide, U 3 S S , is not known with certainty. 

Uranous Sulphide, US, is produced with incandescence when metallic uranium 
is heated iu sulphur- vapour (Piligot) ; quickly also, but without incandescence, 
when uranous chloride is heated to redness m sulphydric acid (Hermann). As thus 
prepared, it is a greyish-black amorphous powder, which becomes crystalline when 
heated to whiteness out of contact with air. Uranous sulphide is also formed as a 
black precipitate on adding sulphite of ammonium to a solution of uranous chloride or 
nitrate (Hermann). When exposed to moist air, it gradually gives off sulphydric 
acid, and is converted into a basic sulphate; when heated in the air, it gives.off sul- 
phurous oxide, and is converted into uranoso-uranic oxide. It is not decomposed by 
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hot hydrochloric add, but dissolves easily in the concentrated acid.^ 
poses it rapidly ; nitric acid converts it into uranic sulphate. 

When an oxide of uranium is ignited in a mixture of varbon 
disulphide, the higher oxides are reduced to uranous oxide, 1 
no further decomposition. Uranous oxide, and not the sulphu 
when uranous sulphate is heated in hydrogen-gas ; or when 
oxide and sodium-uranate is ignited with flowers of sulphur and 
when uranous sulphate is heated with persulphide of potassium^ (IT] 

Uranous Oxy sulphide, U*S*0 *■ 2US.UO, ia produced, aobordlngt , 
when uranous or uranoso-uranic oxide is heated to bright redness in Vapouro 
disulphide. * 'pHk 

Uranic Oxy sulphide, or Sulphide of Uranyl, is precipitated, w . 

Home I A (Compt. rend, lviii. 716), by sulphide of ammonium frora^a sdiutipn'^f 
uranic nitrate. It dissolves partially in cola water, forming a brown solution, Vrhich 
deposits uranic oxide on standing. 

Uranic Sul phi dr lias not been obtained in tho separate state; but whop the 
precipitate formed by sulphide of ammonium in uranic salts is left for a day ortiwo in 
the liquid, it is converted into a blood-red compound containing ammonium-sulphide; 
and this compound, when treated with potash-ley, yields a rod pulverulent body contain* 
ing, according to Patera, K>S.2U*S* + 21(K 2 0.'iU t 0 , .3H* T 0). Tho red ammonium-corn* 
pound treated with tho chlorides of Bodium, barium, and strontium, yield# corresponding 
red compounds containing those metals. When boiled with lima or magnesia, it 
turns black. (Patera, Ann. Ch. Pharm. lxxxvi. 254.) * 

VftaVXVM-BLOOSK. Syn. with Uraconisb (infra). 



tniAN IUM-OXSBN • Uran-griin. Uranochaleite, — These names are applied 
to certain decomposition -products of uranium-ores, occurring 1 hereon in small spherical 
masses, or in fine needle-slmpod crystals, and consisting, according to Lindacker, of 
uranoso-uranic sulphate mixed with calcic aiul oupric sulphates. 

VXLaNnrM-MZCA. Syn. with Uranitk (p. 940). 

VRAVItTM-OC HB1. Urancchre. Earthy llydruranite. ITranite lerreux . — 
A term applied to various earthy uranium -minerals, such as ochry uranic hydrate 
and basic uranic sulphates, occurring, with or without calcic sulphate, at JoochimB- 
thal ; tho latter are also called Uraconise, or Zippeits . 

UXU.NIXTM-ORANOE. Orange-coloured uranates of potassium and sodium 
(p. »48> 

URAVZirM-irrniZOL, A basic uranic Hulphate containing 4*0 per cent. SO*, 
79 0 U 5 ^*, and 14 3 water, occurring in lemon-yellow, microscopic, ^rhombic prisms, at 
Joachimsthal in Bohemia. 


URANXlTM-VlZiLOW. A term applied to uranate of sodium, used as a pig* 
ment, and to uranate of ammonium (p. 948). 

mtAHOCHALCrm. Syn. with Uranium-ghken. 

UIAMOCHMi Syn. with Ubaniuh-ochrb. 

TTRANOHIOBIXa. A term applied by Hermann (J; pr. Chem. lxxvi. 326) to 
crystallised pitchblende from Norway, containing a small quantity of niobic acid, 

OTLAJNTOYHJtara. A mineral consisting of hydrated uranic silicate, together 
with many other constituents, found in amine near Kupferberg in Silesia, (If and w. d* 
Chem. ix. 43.) 

VRAVOPBTXiXiXTX. Syn. with Uranite (p. 940). 

VEAlTOBZBSZTa. Syn. with Pitchblende (p. 946), 

YntAVOTAHTAUTB. Syn. with Samabsxitk, or Ubanoniobath of Yttuiuic 
and Iron (iv. 66 ; v. 186). 

TntAtfTl. U 2 0 5 . — A diatomic radicle, which may be supposed to exist in the 
uranic compounds (p. 942). 

UniAO. Tetrasodic carbonate, or sesqui carbonate of soda, Na , II*(C0*) , .2H 2 0, 
occurring at the bottom of a lake in Maracaibo, South America (i. 796). 

VUES. Syn. with Cdhaha (ii. 185). 

HEATSB. See Uric Acid (p. 966). 

ttftBZTB. A mineral of unknown composition, occurring in the orthoclase of 
Notterde in Norway. It has been supposed to be identical with monasite (cemus 
phosphate); hut, according to' Forbes and Dahll (J. pr. Chem. Ixvi- 446), it crys* 
tallises in triclinic forms, whereas mouazite is monoclinic* 
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umma. C0H 4 N* XJrhe, Hametoff, Urenacri-tmmoniah—Tkk substance, iso- 
meric with ammonium-cyanate and with carbamide, and forming the chief organic con- 
stituent of human urine, was first obtained, in an impure state, as Extraction sapo- 
nacewm urines, by Bouelle the younger, in 1773, and afterwards prepared, in estate of 
greater purity, oy Fourcroy and Vauquelin, in 1799, Wonler, in 1828 (Pogg. 
Ann. xii. 263 ; xv, Cl 9), obtained it by molecular transformation of ammonium-cyanate, 
audit has been further examined, chiefly by Liebig and Wohler {ibid, xx. 372), 
Dumas (Ann. Ch. Phys. [2], xliv. 273), Pelouze (ibid. [3], vi. 65), Marchand 
> ( J. pr. Ohem. xxxiv. 248; xxxv. 481), Werther (ibid. xxxv. 51), Heintz (ibid, 
'■ xlii. 401), and Millon (Compt. rend. xxvi. 119). 

Urea is contained in the urine of all raammiferous animals, especially in that of the 
flesh -eaters ; in smaller quantity also in that of birds and of reptiles; and in the 
renal secretions of some animals of the lower orders. It is found in small quantity 
Sn |he blood of man and of other animals in the state of health ; sometimes also in 
the perspiration, in the amniobic liquid, in morbid exudations, and even in the tissues. 
It forms an essential constituent of the vitreous humour of the eye (about 30 per 
cent^taC the solid substance, according to Millon), and has lately been found by 
Wurtz (Ann. Ch. Pharm. xcviii. 287) in the chyle and lymph of various animals. Its 
presence in the animal economy is due to the transformation of the tissues under tho 
influence of oxygen absorbed in respiration ; it is, in fact, tho last term in the series of 
organic products of oxidation of the nitrogenous tissues. 

Urea is produced artificially : — l.By the spontaneous transformation of ammonium- 
cyanate, A solution of this salt, when recently prepared, exhibits the reactions of 
cyanic acid ; but when heated, or left to evaporate, it is converted into urea. Sulpho- 
cyanute of ammonium heated with oxide of silver is first converted into cyanate of 
ammonium, and then into urea. — 2. From cyan amide, CN’fEP, by assumption of 1 at. 
water, the chango taking place on adding a drop of nitric acid to the aqueous solution. 

3. It is obtained as a product of the decomposition of many organic bodies of com- 
plex constitution : e.g. y of creatine, guanine, uric acid, allantoin, &e. 

Urea is commonly regarded as identical with carbamide, N 2 j( co r 

; and, conse- 
quently, the processes which give rise to this latter compound are generally spoken of 
as modes of formation of urea. Such arc tho reactions of gaseous ammonia on chlo- 
ride of carbonyl, of aqueous ammonia on ethylic carbonate (i. 752), and tho decom- 
position of oxamide by heating with mercuric oxide (Williamson, Memoires du 
Congrd8 8Cuntif.de Venise t 1847): 

N 2 (C*0 2 )"H 4 + HgO = N*(CO)"H 4 + CO 2 + Hg. 

Oxamide. Carbamide. 


But urea, though it exhibits most of the characters of an amide, especially in being 
resolved into carbonic acid and ammonia by the action of acids and alkalis, nevertheless 
does not appear to react like an amido under all circumstances. Thus, it has been 
lately shown by Wanklyn and Garagoe (Ckem. Soc. J. xxi. 25), that urea, when 
heated with u groat excess of potassium-permanganate in presence of much caustic 
potash, gives off the whole of its nitrogen in the form of nitrogen-gas ; whereas, when 
ammonium-salts and amides are similarly heated, tbe whole of the nitrogen is oxidised 
to nitric acid. Hence Wanklyn and Gamgee regard urea as constituted differently 

f(NH)" 

from carbamide, and represent it by tho formula C< NH* , which is that of marsh- 

l OH 


gas having 2 at. hydrogen replaced by imidogen, one by amidogen, and the fourth by 

(Nil* 

hydroxyl. Carbamide may be represented on the same type as C i NH f , and cyanate 


of ammonium as C 


N'" 

0(NH 4 V 


Preparation of Urea. — 1. From urine. — The urine is evaporated to dryness over the 
water-bath ; the residue is exhausted with alcohol ; the solution again evaporated; and 
the residue exhau sted with absolute alcohol : the resulting solution yields, by evapora tion, 
slightly coloured urea. — Or urine concentrated by evaporation, or by leaving it to freeze, 
is treated with nitric or oxalic acid, which throws aown a precipitate of nitrate or 
oxalate of urea. The oxalate may be decomposed by chalk, which forms insoluble 
calcic oxalate, leaving the urea in solution (Berzelius). The nitrate of urea is 
decomposed in aqueous solution by carbonate of barium or potassium ; the greater 
part of the resulting nitrate of barium or potassium is removed by evaporation and 
crystallisation ; and the urea remaining in solution is purified by repeated crystallisa- 
tion from alcohol. 
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2. From cyanate of ammonium. — The artificial preparation of VjTH frwa th-s 
salt yields a much better product than the preparation from urine. Cyanateof potas- 
sium is decomposed by sulphate of ammonium, and the resulting sulphate of potassium, 
which is very little soluble either in water or in alcohol, is separated fiom the urea 
formed by transformation of the ammonium-cyanate, which is very soluble in both liquids. 

The following methods give good results : — a. A mixture of 28 pts, dry and pul- 
verised ferrocyanide of potassium and 14 pts. manganese -peroxide is heated on an 
iron plate ; the solution obtained by exhausting the mass with cold water is mixed 
with 20} pts. dry sulphate of ammonium ; the liquid is decanted from the precipitated 
sulphate of potassium ; and the remaining portion of that salt is removed, as far as 
possible, by evaporation and cooling. The solution is then evaporated to dryness, and 
the urea is extracted from the residue by boiling alcohol (Liebig). — 0. Cyanide of 
potassium, prepared by melting .8 pts. of the dehydrated ferrocyanide with 3 pts. 
carbonate or potassium, is converted into cyanate by adding 16 pts. minium to the 
melted mass. This salt is then dissolved out by water ; the solution is mixed with 
8 pts. sulphate of ammonium ; the sulphate of potassium is removed as before j the 
filtered liquid is evaporated to dryness ; and the residue is exhausted with toiling 
alcohol (Clemm, Ann. Ch. Pharm. lxvi. 382). The Alcoholic solution of urejMtfffainea 
by either of these methods frequently contains a certain portion of undeoom posed 
ferrocyanide, which, however, may be easily removod by careful addition of ferroso- 
ferric sulphate. — y. According to J. Williams (Chom. Soc. J. xxi. 64), a better and 
more abundant product is obtained by digesting cyanate of lead, at a gentle heat, with 
an equivalent quantity of ammonium-sulphate, and evaporating the filtered liquid. 

Properties. — From a pure aqueous solution, urea generally crystallises in long 
flattened prisms without terminal faces ; but when the alcoholic mother-liquors, v 
still containing a few impurities, are left to evaporate, the urea is obtained in 
slightly yellowish quadratic prisms, terminated by octahedral faces. Frequently tho 
combination c*P . P . oP is found at only one extremity of tho prism. Angle ooP : 
ooP » 90°; ooP : P - 139° ; P : P =* 82° ; ooP : oP - 90°. Urea lias a cooling 
taste, like that of saltpetre. It dissolves in its own weight of cold water, in all pro- 
portions of hot wat^r, and is also very soluble in alcohol (in 6 pts. of cold and 1 pt. 
of boiling alcohol), but nearly insoluble in ether. It melts at 120% and decomposes at 
higher temperatures. 

BecomposUions. — 1. Under various circumstances urea takes up water, and is re- 
solved into carbonic anhydride and ammonia : 

COH 4 N a + H*0 - CO 1 + 2NH B . 

This decomposition takes place whon urea i# heated with water in Bealed tubes to 
temperatures above 100°; or when it is boiled with potash, lime , or magnesia, ax 
warmed with strong sulphuric acid , or evaporated with solution of lead-acetate ; also 
under the influence of ozone , in presence of free alkali (Gorup-Besanez, Ann. Ch. 
Pharm. exxv. 307); also by electrolysis , (Schlagdenhauffen, J. Pharm. [3], 
xliv. 100.) 

2. In many cases urea gives up only half its nitrogen in the form of ammonia, tho 
other half taking the form of cyanic or cyanuric acid : 

COH 4 N* = COHN + NH*. 

Thus a solution of urea evaporated with nitrate of silver , yields cyanate of silver and 
nitrate of ammonium (Wohler and Liebig). — Urea heated with phosphoric anhy- 
dride yields phosphate of ammonium and cyanic acid, together with cyanuric acid, 
ammelide, &c. — Urea heated alone to 160° — 170° is converted into biuret and cyau- 
uric acid : 

2COH 4 N i - C*0*H B N B + NH B . 

Urea. Biuret. 1 

SCOiUN* - C B 0*H B N B + 8NH*. 

Urea. Cyanuric 

acid. 

But if the temperature be kept down to a few degrees above the melting-point, a while 
amorphous residue is obtained, consisting, according to Gorhardt ( Traitl , i. 406), of 
melanurenic acid (Gerhardt’s ammeline) : 

4COH 4 N* - CWH'X 4 + CO* + 4NH*. 

Urea. Melanurenic 

acid. 

Urea heated to 146° — 160° with phenol also yields biuret, together with phenate of 
ammonium. (Baeyer, Ann. Ch. Pharm. cxxxi. 261.) # , 

HydrochloraU of urea heated to 145° yields chloride of ammonium and cjramunc acid. 
(l>e Vry, Ann. Ch, Pharm. lxi. 249.) 
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m«n chlorine in passed over melted area, hydrochloric add and m , L , . 

and there remains a mature of «a2 -ammoniac and qraanric add 

307)’ ' aiT ‘ 

6COH 4 N* + SCI 3 = 2C 5 0*H*N J + 4KH<CI + 2HC1 + 

3. By other reagents , urea is resolved into carbonic anhydride, water, and free nitro 
gen. Thus, with nitrous acid or mercuric nitrite : 

COH*N* + N 3 O s - CO 3 + 2H*0 + 2N* 

Similarly, by hypochlorous acid (or chlorine in presence of water) and hypochlorites: 
COH'N* + 3C1EO = CO 3 + 3HC1 + 2E s O + N*. 

The Recomposition of urea by excess of potassium-permanganate in presence of a con- 
siderable quantity of caustic alkali has been already mentioned (p. 950) ; under these 
circumstances, the whole of the nitrogen is evolved in the free state. ^ When, on the 
other hand, a smaller quantity of permanganate is used, so that a portion of the urea 
escapes the first action of the permanganate and remains in contact with the manga- 
nate jpf potassium formed by the reduction of the permanganate, part of the nitrogen of 
the tfrearis oxidised to nitric acid. (Wanklyn and Gamgee.) 

4. Urea heated with ethylic oxalate to 135° — 170° for several hours in a sealed 
tube, yieldsoxa mid ©, e thy lie allophanate, and alcohol (Grabowski, Ann. Ch. 
Pharm. cxxxiv. 115): 

%&C OH*N* + C 2 OVC*H 5 ) 2 =* C 2 0’H 4 N 2 + Cm*TPO*(Cm*) + (C 2 H 5 )HO. 

J., Urea. Ethylic oxa- Oxatdide. Ethylic allopha- Alcohol. 

■’ > * late. nate. 

6. Urea heated with 3 pte. aniline to 150° — 170° gives off ammonia, and forms di- 
phenylurea: 

COH*N* + 2(C*H 4 )H 2 N - COH^C-H®) 2 ^ 2 + 2NH*. 

The reaction is analogous to that by which triphenyl-rosaniline is formed from rosa- 
niline and aniline. (Baeyer, Ann. Ch. Pharm. exxi. 251.) 

6. Urea treated with chlorides of acid radicles yields compound ureas containing 
those radicles, e.g . : 

COH«N* + C 2 H , OCl - HCl + C0H«(C 2 H*0)N 2 . 

Urea. Chloride of Acetylurea. 

acetyl. 

7. With ethylic cyanate urea combines directly, forming the compound C 7 H l4 N 4 0* 
[-CdH'N* + 2CO(C 3 H‘)N], isomeric with creatine, and already described as di- 
echyl-tricarbonyl-tetramide (ii. 565). 

8. When urea and quercetic acid are mixed in aqueous solution in a certain propor- 
tion, direct combination takes place ; but with excess of urea, a yellow decomposition- 
product is formed. (Pfaundler, Ann. Ch. Pharm. cxix. 213.) 

J Detection and Estimation of Urea. 

Pure urea is easily recognised by its behavioyr when heated. To detect urea in 
animal fluids,, the alcoholic extract is precipitated with nitric acid, and the precipi- 
tated crystalline 1 ami nee are examined with the microscope-goniometer, to ascertain 
whether they exhibit the characteristic angle (82°). 

For the quantitative estimation of urea, especially in urine, several methods 
have been proposed. — Precipitation of the alcoholic extract with nitric acid, and 
weighing the nitrate of urea dried at 100°, does not yield exact results. — Bunsen's 
method of estimation is based upon the resolution of urea into carbonic anhydride and 
ammonia. The urea is mixed with solution of barium-chloride containing ammonia; the 
filtered liquid is heated in a sealed tube to 220° — 840° ; and the carbonate of barium 
produced by the decomposition is weighed (Ann. Oh. Pharm. lxv. 375 ; Jahresb. 
1847-1848, p. 989). — Ragsky (Ann. Ch. Pharm. lvi. 92) and Hei ntz (ibid. lxri. 114) 
evaporate the liquid with sulphuric acid, treat the black residue with water to dissolve 
out the resulting sulphate of ammonium, and weigh the ammonia as chloroplatinate. — 
illon (ibid, lxviii. 370) decomposes the urea with a solution of mercuric nitrite, and 
determines the carbonic anhydride thereby evolved, by absorption in a bulb-apparatus 
containing potash. — Keubauer (Jahresb. 1853, p. 702) effects the same decomposi- 
tion in an apparatus like that of Fresenius and Will for estimating carbonic acid 
(i. 38), determines the loss of weight resulting from the escape of the carbonic anhy- 

dride and nitrogen together. This loss of weight, multiplied by 0*834, gives the quan- 
tity of nrea. 

Li ebig* s volumetric method ( Ann. Ch. Pharm. lxxxv. 370) is based upon the 
precipitability of urea by mercuric nitrate, and further on the circumstance that the 
white precipitate (hereby produced is nob decomposed, and therefore not turned yellow* 
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S tboMtoof •offinm. 2 toU «rin« m mind with 1 ▼<& of ft bMrtMohrtkn nr*, 
with S ▼oh. buyta-water saturated is the cold, and I roTofa eSuSonrf 
s-mtrate also eaturated in the cold ; the liquid is filtered from the pnvipitated 
sulphate and phosphate of bariom ; and a graduated solution of mercuric nitrate ia 
added to a measured quantity of this filtered liquid (about 15 o c.) till a sample taken 
out gives a yellow precipitate with carbonate of sodium. It is convenient to dilute 
the mercuric solution to such a degree that 1 cubic centimetre of it shall correspond to 
0*01 grin, of urea. r 

Bunsen’s method and that of Ragsky and Heints give very exact results ; those 
obtained by Millon’s and Neubauer’s mothods are less satisfactory. Liebig's volume* 
trie method is easy and quick of execution, and the results are very exact, when oer- 
tain necessary corrections are made. (See Ubinb, p. 966 .) 


Compounds of Urea. 

a. With Acids .—Hydro chi or ate of urea, COH 4 NUICl, is produced, with evolu- 
tion of heat, by the action of hydrochloric acid gus on urea. The product is a ynJUow 
oil, which solidifies to a crystalline mass on cooling. It is decomposed by water) and 
even by moist air, and is resolved by heat (at 146°) into sal-ammoniac and cyanurio 
acid (p. 952). 

Nit rate, COH 4 N 2 .IINO*. — This salt, the most characteristic of the urea^com- 
pounds, is moderately soluble in water, but only very slightly soluble in nitric «$$& 
Hence a crystalline precipitate is obtained on adding nitric acid to moderately dilffi 
solutions of urea, and a concentrated solution solidities with nitrie acid to a crystalUft# - 
pulp. Nitrate of urea separates in these precipitations in shining laminae, which 
appear under tho microscope as rhombic or hexagonal plates, the acuter angle of 
which a* 82°. “By slow evaporation, or by cooling of a warm aqueous solution, it is 
sometimes obtained in well-deflnpd prisms. It is more soluble in hot limn in cold 
water, and dissolves also in alcohol. It is decomposed by heat (at about 1 40°), and 
detonates when suddenly heated. 

Oxala te , 2C0H l X a .C*0 4 H :r . This salt separates in thin crystalline laminin, mostly 
grouped in tufts, when a solution of urea is mixed with a concentrated solution of 
oxalic acid. It dissolves easily in hot water, less easily in cold water, still less in 
alcohol : it is precipitated from its aqueous solution by excess of oxalic acid. 

According to Loschmidt (Wien. Akad. Bor. 11. [2], 7, 684), oxalate of urea crys- 
tallises in monoclinic usually tabular prisms, exhibiting the combination [ 1 • 

[>P . ot>P . [ coF2] . [Poo] . . + 2P«o. Axes a : b : c «■ 1 : 0*66415 : 0*4Bfi2. 

Angle b.c - 82° 10'; T ooPoo ] : »P - 112° 12'; oP : + 2P<» - 119* 4'; 
ooP : + 2Pco =» 134° 16. The crystals cleave perfectly parallel to +2Poo. 

The crystalline forms of several other urea-salts have also been examined by 
Loschmidt (Wien. Akad. Ber. lii. [21, 238; Jahrcsb. 1865, p. 657). — The fumarate , 
2C0H 4 N*C 4 IU0 4 , acid maleate , C0H # N*.(J 4 H 4 0\ neutral, maleate , 2C01PN*.C 4 H < 0 4 , 
icid violate, C0H 4 N ,, .C 4 H , 0 5 t and succinate , 2C0H 4 N 2 .O 4 II*O\ crystallise in mono- 
•linic forms ; the gallait , C0H 4 N*.C , H a 0 4 , in monoclinic but nearly rectangular 
prisms ; the parabanatc, £OH 4 N*.C*H a N a O*, and the tartrate , 2C0H 4 N*.C 4 JI*0*, in 
rhombic forms ; and tho citrate , 2C0H 4 N*.C*li*0 T , in shining, six-sided, tri clinic 
prisms. 

0. With Metallic Oxides. — On ndding moist silver-oxide to a solution of urea, a 
grey powder is deposited, made up of fine needles, and containing 2COIPN* 3Ag*0. 

Mercuric nitrate ml ded to a solution of urea mixed with potash, forms a white precipi- 
tate containing COH 4 N*.2HgO . — Mercuric chloride forms in the same solution a white* 
prqpipitate, 2COH 4 N*.3HgO, which turns yellow in boiling water. On adding mer- 
curic oxide to a warm solution of urea, the compound COH 4 N*.IIgO appears to be 
produced. 1 

y. With Salts. — A solution saturated in the cold with equivalent quantities of urea 
and sodium-chloride , yields, on evaporation, shining, well-developed, monoclinic prisms 
of the compound COH*N*.NaCLH*0. — A boiling very concentrated aqueous solution 
of 1 at. sodium-nitrate mixed with 1 a$. urea, deposits, on cooling, long prismatic crystals 
of the compound COH 4 N 2 .NaNO*.H a O, Urea likewise forms crystalliaable compounds 
with the nitrates of potassium, calcium, and magnesium, chloride of cadmium, and 
mercuric chloride. 

With' nitrate of silver , urea forms the two compounds, COH 4 N* AgNO* and 
COH 4 N*2AgNO*. The former is obtained in large rhombic prisms, when solutions 
of urea and silver-nitrate are mixed together, either cold or warm. The second sepa- 
rates in prismatic crystals, by evaporation in a vacuum, from a solution containing an 
excess of the silver-salt. 

6. With Nitric Anhydride and Mercuric Oxide.— Mercuric nitrate added to 
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a solution of urea teBs a white precipitate, the composition Qftifbchv&r' 
to circumstances. When the two solutions are dilute aud^mixed 
flocculent precipitate formed at tot quietly changes to a white oL!! e , Wann > the 
containing 2 COHWIN^O *AHgO. When a solution of mercuric nitrateie 
solution of urea as long as a precipitate is formed and this precipitate ise^^^ 
some time to a temperature of 40°—60°, it is transformed into a mass oft^'j 
chining laminse, consisting of 2C0H , N 2 .N 2 0 5 .3ffgQ. Lastly, when a solution r 
nitrate of urea is mixed with an acid solution of mercuric nitrate till turbidity ensn 
the liquid deposits , on standing , crystalline crusts made up of small tabular crro^i., 0 * 
the compound GOH 4 N 2 .N 2 O s .2HgO. (Liebig.) "“JWaJsof 

. The composition of these three compounds is not yet definitely tod; it is not known 
indeed , whether they contain mercuric oxide and nitrate of urea, or urea combined' 
With mercuric nitrate and mercuric oxide. 


Substitution-derivatives of Urea, — Compound Ureas, 

These bodies have already been described as carbamide* (i. 758). They must how- 
ever, be regarded as derivatives of urea, not of carbamide, if carbamide and urea are 
really distinct compounds; for those which contain acid radicles are produced by the 
action of acid chlorides upon urea itself; and those containing alcohol-radicles are 
obtained by processes exactly analogous to those which yield normal urea — viz. by 
the action of ammonia on cyanic ethers, or of amine-bases on cyanic acid or cyanic 
ethers. Corresponding derivatives of carbamide might be produced by the action of 
been tried pb ° Sgene ° r 0n carbonic ethers » hut the reaction does not appear to have 

Ureas containing two atoms of alcohol-radicle are likowise formed by the action of 
water on cyanic ethers, an amine being produced in the first instance, and then com- 
bining with the rest of the cyanic ether ; thus: 

CO(C 2 H 5 )N + H 2 0 «= CO 1 + (C 2 II 5 )H*N. 

cyanate Etbylamine. 

CO(C 2 H*)N + (C*H*)H*N « COHWIP™* 

« Dfcthylun*. 

lhethylnrea U also produced by distilling the oily body, C'H 1 ’N»0*, formed by tho 
action of potash on cyanunc ether (ii. 293): ' 

C"H n N , 0’ - CO(C J H s )N + COH*(C J H s ) s N’. 

# EthyIlc Diethylurea. 

cyanate. 

Polymeric ureas containing ethylene are produced by the action of cyanic acid or tho 
cyanic ethers on ethylene-diamines (ii. 595): 


(C^H'y'H^N^CP + 2COAgN 

Chloride of ethy- Cyanate of 
lene-diammonlum. ailrer. 


2AgCl + C 2 0 2 H # (C*H 4 )T^«. 

Ethylene-urea. 


* PI?P erties and reactions of the compound ureas are analogous to those of urea 
itself. They.mostly crystallise in deliquescent prisms, easily soluble in water and in 
alcohol. They form crystallisable compounds with nitric acid, but on the whole do 
y*th acids so easily as normal urea. Those which contain only 1 at. 
alcohol-radicle are resolved by heat into cyanic acid and an amine-base. Diraetliyl- 
nrea and diethylurea are volatile without decomposition ; or, rather, they are repro- 
-duced, during the distillation, by the combination of the products (cyanuric ether and 
ethylamine, for example) resulting from their decomposition in the earlier stage of the 
process. 


1 HaXBIB. Compounds containing the elements of a urea-salt minus water. (See 
Ubio p. 958.) v 

This name has been applied to the group CHT^O, which, by substitution 
for 1 at. hydrogen in ammonia, may be supposed to form ure a . C ™5j N<ond by 

substitution for 2 at. hydrogen, biuret, j jj goO). 


ITJU1TBAU St LAVS, Syn. with Amtlic Carbamate. 

. A ,. n “* ftrBt a PP Ued t* ethylie carbamate, afterwards extended 

to all carbamio others (l. 750). 


II IbITftTliMfli Syn. with Mbthtlic CutBiium 

UikZC AOZDi C^ 4 H*O i . IAthic acid. Hamedure, — This important a id was 
discovered by jfcfe in 1776/but was tot submitted to a minute anamination by 
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Jjiebijg and W dhftr in 1833 (Alin. Ch. Fb&rm. xxvi. 241). Its Venetians and tiw 
formations have also been examined by Srugnatelli (Ann. Ch. Phys. [2], viii. 
201), who discovered alloxan ; by Prout (Ann. Phil. xiv. 868), who discovered mur> 
oxide ; further by Gregory (Ann. Ch. Phann. xxxiii. 834; lx. 267), Sehlieper 
(ibid. lv. 262; lvi. 1; lxvii. 281) (v Jfelouse (Ann. Oh. Phys. [8], vi. 71), and, mure 
especially of late years, by Baeyer (Ann. Ch. Phann, cxxvii. 199; exxx. 129 ; caoEX v. 
812; Jahresb. 1863, p. 621 ; 1864, p. 632; 1865, p. 362), who has discovered a con- 
siderable number of new derivatives of uric acid, and given the most complete and 
connected account of the uric acid group of compounds yet published. 

Uric acid is a product of the incomplete oxidation of animal tissue. In combination 
chiefly with ammonia, it forms the principal urinary constituent voided by insects, 
land-reptiles, and birds (whence it is found in guano). Normally it occurs, but in 
small proportion, in the urine of man, and is found in yet smaller proportions in that of 
carnivorous quadrupeds, and can scarcely be said to exist in that of herbivorous aq£ 
omnivorous quadrupeds. 

According to various authorities, it is constantly present in the juices of the 
human spleen, liver, lungs, and brain. The merest traces of it are also met 
with normally in blood ; but in certain forms of disease, such as albnminaria, and more 
especially gout, its proportion in the blood becomes very appreciable. In certain 
cases of gout, indeed, all the fluids of the body are found more or less saturated with 
uric acid, and some of them even supersaturated, so as to deposit the concretions of 
sodium-urate, commonly known as chalk-stones. Lastly, the excess of it, occurring 
under greater or loss derangement of bodily health, is frequently discharged by the 
kidneys, and deposited in tho form of urinary sediment, gravel, or calculus. 

No artificial method of producing uric aeia has yet been discovered. 

Preparation. — The best material for preparing uric acid is the excrement of serpent#. 
This substance, which consists chiefly of ammonium-urate, ia boiled with dilute ' 
potash or soda-ley, till completely dissolved ; and the filtered solution is supersaturated 
with hydrochloric or dilute sulphuric acid, whereby the uric acid ia thrown down as a 
flocculent gelatinous precipitate, which soon becomes crystalline. Potash is better 
adapted for tho purpose than soda, because urate of potassium is much more soluble 
than urate of sodium. ^ 

Uric acid may also be preparod from guano, by boiling that substance with a dilute 
solution of borax (1 pt. borax to 120 pts. wator), whereby a solution of sodium-urate is 
obtained, and precipitating with hydrochloric acid. *" 

Prtyperties . — Uric acid precipitated by hydrochloric arid is .anhydrous, andll^ms 
small perfectly white crystalline scales. When slowly deposited from dilute solu- 
tions, it sometimes separates in large crystals containing C*H 4 N 4 0*.2H*0. It is nearly 
insoluble in water , 1 pt. of it requiring 15,000 pts. of cold and 1,890 pts. of boding 
■water to dissolve it ; in alcohol and ether it is quite insoluble. Concentrated SiU- 
phuric acid dissolves it abundantly when heated, and the solution, on cooling, deposits 
a very deliquescent compound, containing C*N 4 H 4 0 B .4S0 4 H*, accord in g to Fri tssebe ; 
C 4 N<H 4 0*.2S0 4 H a , according to Lowo (bull. Soc. Chim. 1867, l. 442). Water added 
to the solution precipitates the uric aria. 

Decompositions. — 1. Dry uric acid, wlion heated, decomposes without melting, giving 
off hydrocyanic acid, yielding a sublimate of cyanuric acid, cyanate or ammonium, 
urea, and carbonate of ammonium, and leaving a carbonaceous. residue.— Uric arid 
heated with water for some time to 180°, undergoes a decomposition, the chief product 
of which is mycomelic acid (Illasiwetz, Ann. Ch. Pharm. ciii. 211): 

C 6 N 4 H 4 0* - C*N 4 H 4 0* + CO. 


An alkaline solution of uric acid boiled for a considerable time yields uroxanio acid, 
together with formic acid, oxalic acid, and urea. — 8. Uric acid fused with hpdrat§^f 
potassium , gives off ammonia, and leaves a residue containing oxalate, cnrbtfiutfe, fend 
cyanate of potassium. 

4. Dry uric acid is not attacked by dry Marine at ordinary temperaturiiJTmt when 
heated in the gas, it is decomposed, yielding cyanic acid together with other products. 
When chlorine acts upon uric acid in presence of water, alloxan and parabanie arid 
are produced in the first instance, and ultimately carbonic acid, oxalic acid, and am- 
monia. According to L. Hardy (Ann. Ch. Phys. [4], ii. 872), uric acid suspended 
in water is converted by bromine, at ordinary temperatures, into alloxan and urea : 

C*N*H 4 0* + Br* + 2H*0 — C'N^H^O 4 4 CN*H 4 0 + 2HBr. 

If the mixture becomes heated during the reaction, parabanie acid, oxa lie arid, and 
bromide of ammonium are likewise produced. Chlorine and iodine act in like^ manner* 

* ” * ■ 1 " 1 “ J! " J ; when 

acid, it 


Moat oxidising substances convert uric acid into alloxan o* paraiMJUC firid ; when 

.. . ... r . .* .i> I y ta. M- 


boiled with water end perypde of lead, it yiehls allantois. 



yields, according to Sehjel (Ann. Ch. Pirn <*jr7J), a cWncUd ** 
chloralnne acid ( 1 . 884).— -Ozone is quickly absorbed by uno acid. fonnin ff 2, 
toin and urea, together with other products (Gorup-Besanes, au'exsSn 
Uric acid boiled with a solution of potaasium-ferricyanide containing caustic DottaS 
yields carbonate of potassium and a llantoin, part of which is ultimately convertedhh 
frmanuric acid and urea,. 

Detection and Estimation.— ‘Unc acid may be recognised by its insolubility in 
water and in hydrochloric ac id, and by its crystalline character under the microscope 
(generally rhombic tables with the obtuse angles rounded off, and often associated with 
dumbbell-shaped crystals*), and especially by its reaction with nitric acid. On 
moistening it with nitric acid, and evaporating at a gentle heat, a yellow or reddish 
residue is obtained , which assumes a fine violet-red colour when treated with ammonia, 
and violet-blue with potash (murexide and purp urate of potassium, iv. 748). Another 
very delicate reaction is given by Schi if (Ann. Ch. Pharm. cix. 05). The uric acid 
is dissolved in carbonate of sodium , and a drop of the solution is laid on paper mois- 
tened with silver-solution ; if uric acid is present, a brown spot is formed, carbonate of 
silver being reduced by uric acid at ordinary temperatures. 

For the quantitative estimation of uric acid in urine, the liquid is mixed with 
hydrochloric acid, and left to stand for twenty-four hours, and the pulverulent depqsit 
of uric acid is weighed. (See Urine, p. 967). 

Urates. — Uric acid is dibasic. Its salts are but sparingly soluble in water, much 
more easily in alkaline liquids, especially when heated, freely soluble also in solutions 
of borax. They have been examined chiefly by Ben sch (Ann. Ch. Pharm. liv. 189 : 
lxv. 181). 

J$4d urate of ammonium, C s N 4 H 8 (NH 4 )0*, is produced whenever uric acid and 
a mm on i a come in contact, and usually forms a white amorphous mass, but is deposited 
iOK&he needles from a solution containing excess of ammonia. It dissolves in 1,800 pts. 
of cold water. |r This salt occurs, together with free uric acid, in the excrementB of 
birds and serpents. The neutral ammonium-salt is not known. 

Potassium-salts . — The neutral salt , C 5 N 4 H*K 2 0», is obtained by saturating a 
/Cold dilute solution of potash, free from carbonate, with uric acid, and boiling down 

t e solution in a retort. At a certain degree of concentration, the salt is deposited in 
le anhydrous needles, which may be purified by decanting the clear liquid and 
hashing with dilute alcohol. It dissolves in 44 pts of cold and 36 pts. of boiling 
water ; the solutionis slowly decomposed by boiling. The salt has a caustic taste, 
anjjf quickly absorbs. carbonic acid from the air. — The acid salt, C s N 4 H a K0 3 , is preci- 
pitated in a granular form on passing carbonic acid gas through a solution of the 
neutral salt. It dissolves in 800 pts. of cold and in about 80 pts. of boiling water, 
from which solution it is deposited, on cooling, in amorphous flocks. 

There are two urates of sodium — the neutral salt , containing C s N 4 H 2 Na a O*.H a O 
and the add salt, C s N 4 IFNaO s . Both are less soluble than tho corresponding potas- 
sium-salts. 

■XJrate of Lithium is more soluble than any of the other alkaline urates: hence 
"*iia-water is .sometimes proscribed to gouty patients, and others who suffer from a 
erabundance of that acid. 

UraUfWBarium. — The neutral salt, C 5 N 4 H a Ba # *0 # , is obtained by adding uric 
t to#^Sfog saturated solution of baryta, keeping the latter in excess. One pt. of 
! ~^lveg iP 7,900 pts, of cold and 1,790 pts. of boiling water. — The acid salt, 
J *"‘ produced by boiling uric acid with water and carbonate of barium, is a 
, v buloluble in water and in alcohol. 

si o Strontium. — These salts are prepared like the barium-salts. — The 
C 8 N 4 H 2 Sr"0*. 2 H*0 , appears under the microscope as a mass of fine 
flftjfiidles grouped in stars. It a b sorts moisture from the air ; gives off its water of 
crystallisation at 165° ; decomposes at 170°; dissolves in 4,300 pts. of cold and 1,790 
pts. of boiling water.— -The acid salt , C 10 N 8 iI 8 Sr v O fl .2H*O, is white, amorphous, inso- 
luble in alcohol and in ether. One pt. of it dissolves in 603 pts. of cold and 276 pts. of 
boiling water. 

Urates of Calcium . — The neutral salt , CfN^BPCa^O*, is obtained by dropping a 
solution of the neutral potassium-salt into a boiling solution of calcium -chloride till a 
permanent precipitate begins to form, and boiling the -solution for an hour; urate of 
calcium is then deposited in anhydrous grains, soluble in 1,500 pts. of cold and 1,440 
pts. of ^boittag water.— The acid salt, C* WH*Ca~0'.2H 2 0, separates, on mixing 
chloride of CakntUQ with a boiling solution of add urate of potassium, as an amorphous 

■ * Then cry talfc ba eatjjM r CenaUt of jjwii^-oxslurate. hutthrir Batura i 

beeu exactly 
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precipitate, iolnblm 003 ptt. <£*toU and 27# pU. of boiling Tatar, much more actable 
m water containing chloride of potassium. 

Urate of Magnesium. — The neutral salt is not known.— The acid salt, 
C , *N*B«hfe"0*.6H*0 l separates, after two or three hours, from a nurture of magne- 
sium-sulphate and add potassium-urate, in silky nodules, which often float at°the 
surface of the liquid. The solution of these nodules in boiling water deposits needles, 
which at 170° give off 19*2 per cent, water of crystallisation, corresponding to rather 
less than 5 at. 11*0. 

Urates of Copper. — The cupric salt is a green precipitate, whieh turns brown 
when boiled with water. A solution of uric acid in potash produces, in an alkaline 
cupric solution, awhile crystalline precipitate of cuprous urate , which is permanent in 
the air, is decomposed by hydrochloric acid, yielding uric acid and cuprous chlorido, 
does not undergo any alteration in hot water or potash-ley, but when boiled with the 
alkaline cupric solution, is convert ed into red cuprous oxide (Berlin, J. pr. Chetn. 
Ixxxi. 184). Babo and, Meissner (Jahresb, 18o8, p, 639) have applied this reac- 
tion to the volumetric estimation of uric acid ; but the results do not appear to be very 
trustworthy. 

Urate of Lead, C ,0 N s H 6 Pb"0 4 , isobtainod — by dropping a dilute solution of neutral 
potassium-urate into a boiling dilute solution of lead-nitrate, separating the yellow 
precipitate which first forms, and adding a fresh portion of the potassium-salt to the 
filtrate — as a white amorphous precipitato, apparently anhydrous, and quite insolublo 
in water and in alcohol. 

Ur a te of Silver is a white amorphous precipitate, which quickly suffers reduction. 

Ethylueic Acids. (Drygin, Jahresb, 1864, p. 630.) — Neutral urate q# lead 
heated with excess of ethy lie iodide to 100° for 24 hours, or to 120° for 1$ bourn, 
yields — together with iodide of load — two cthylic derivatives of uric acid : nam#)y,*di-t • 
othyluric acid. O i N < H»(C t H») , 0‘, and triethyluricncid. wfilcfcf: 

may be separated by cold ether-alcohol, the latter only dissolving therein. A'" 

Dkthylurvc acid , the most abundant product of the reaction, dissolves in water and 
in alcohol, but not in ether, remains as an amorphous mass when its alcoholic solution 
is evaporated, and crystallises from hot water in broom-shaped groups q( short obtUSfl^ 
needles, which sublime with difficulty. It dissolves in cold potashdey,* dind is pr<*U 
pitated therefrom by hydrochloric acid, in amorphous flocks which turn red after s*i|rM^: 
time. It is decomposed by hearing with dilute hydrochloric acid, but the product#- 
have not been examined. Iodide of ethyl converts it into the trfethylated compptthd. 

Triethyluric acid is soluble in ether, alcohol, and hot water, crystallises in Small 
Blender needles, melts when carefully ln*ated, and sublimes very easily. It dissolves 
in potash, and is precipitated therefrom by hydrochloric acid in white needles. Whoa 
heated with hydrochloric acid it gives off gas, and yields a product having the ccrapo- 
sition, but not the properties, of diethyl uric acid. 


Products formed from Uric Acid by Oxidation, $c. 


Uric acid is remarkable for the facility with which it is altered by oxidising Hg cnt#, 
and the great number of definite and crystullisablo com pounds' obt ai ned in 
manner, or by treating the immediate products of oxidation with — 

ducing agents, &c. The following is a list of the principal compounds thuiptotfuced 

Uric acid . . 0*N'H*0*.H* Thionuric acid 

Pseudo-uric acid C*N 4 HN) 4 .H Hydurilic acid 

Uroxanic acid . C*N 4 H B OMI* Allantoin 

Alloxan . . C'N’HHP Glycolurii . 

Alloxanic acid . C 4 NWO*.H 2 Mycomelic acid 

Alloxantin . CWHW.SEPO Oxaluric acid 

Barbituric acid . C'NOT.fl 1 Allanturic acid . CWHWU 

Bromobarbituric acidC*N*H 8 BrO # .H Hydantoin . . 0 # N*H 4 0 1 

Dibromobarbituric ) Hydantoic acid . CPN^HKP.H 

acid 1 C 4 N J H*Br’0* Aflituric acid . C*N'IP0 4 .H 

Violuric add . C*N*H*0 4 .H ' Leucoturic acid . C^N'IPOMI 

Dilituric add . C^NWP.H ( Parabanic add . CWH’O* 
Violantin . . C 4 N*H < 0* Bibsrbituric acid . 

Dialuric add 1 C 4 N*H*0'H Murexide . . CTTOJO - 

Uramil . r C , N , H ft O» Mosoxalic acid • CFO'IF 



When uric «M i* mt, In yrimuffl ?> v “ n P 

two of it* hydr= ®«-atom^|(j<p|_ oiidi»iag «•»£ wSt£ tpBebydrqgeni*! m.dn* 
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(which may be called dehyduric acid) react* with Water to form mesoxalic acid 
and urea: 

C“N 4 H 2 0* + 4H*0 « C 2 H 2 O ft + 2CN*H 4 0. 

Dehyduric Meaoxalic Urea, 

acid. add. 

The separation of the urea generally takes place, however, by two stages, the first 
portion being removed more easily than the second ; thus, when dilute nitric acid acts 
upon uric acid, alloxan is produced ; and this, when heated with baryta-water, is fur- 
ther resolved into mesoxafic acid and urea : 

C 4 N 4 H*0* + 2H*0 = C 4 N*H*0 4 + CN a H 4 0. 

Dehyduric Alloxan. Urea. 

C 4 N*H a 0 4 + 2H 2 0 «. C*H 4 O a + CN a H 4 0. 

Alloxan. Mesoxalic Urea. 

acid. 

Moreover, the urea is frequently resolved into carbonic acid and ammonia by the 
action of the acids or alkalis present. 

Alloxan is amonureide of meaoxalic acid — that is to say, it is a compound of that 
acid with one atom of urea minus 2H 2 0 ; and the hypothetical dehyduric acid ip the 
diureide of the same acid, derived from it by addition of 1 at. urea and subtraction 
of 4 at. water. Now, by hydrogeniaing meaoxalic acid, wo obtain tartronic acid, 
C*H 4 O s ; and by hydrogonising alloxan, we obtain dialuric acid, which two bodies, 
accordingly, bear to uric acid the same relation that mesoxalic acid and urea bear to 
dehyduric acid : thus — 

C*H 2 0\ C 4 N 2 H 2 0 4 . C*N 4 H*O b . 

Meaoxalic Alloxan. Dehyduric 

acid. acid. 

* * C*H 4 0 5 . C 4 N*H 4 0 4 . C A N 4 H 4 0*. 

Tartronic Dialuric Uric acid, 

acid. acid. 

And just as the hypothetical dehyduric acid yields mesoxalic acid and alloxan, so should 
actual uric acid yield tartronic and dialuric acids. These bodies, however, have not 
been obtained by the direct breaking-up of uric acid, but only by rehydrogun ising 
the ' mesoxalic acid and alloxan which result from the breaking-up of its dehydro- 
genised product. 

Provisionally, however, dialuric and uric acids may be regarded as tartron-ureido 
and tartron-diureide, respectively. 

Thp several bodies just mentioned arc typical of three well-defined classes of com- 
pounds, to ono or other of which an immense number of uric acid products may be 
referred. First, there is the class of simple non-nitrogenous acids, or an-ureides, 
like tartronic and mesoxalic acid ; secondly, there is a class of bodies containing a 
residue of the acid plus one residue of urea — these arc the mon-ureides, Buch as 
dialuric acid and alloxan ; and, lastly, the class of bodies containing a residue of tho 
acid plus two residues of urea, or tho di-ureides, such as uric acid itself. 

, Mesoxalic acid, the most complex non-nitrogenous product obtainable directly 
from uric acid, constitutes the third term in the following series : 

An-ureides, 

CH 2 0\ Carbonic acid, 

C 2 IF0 4 , Oxalic acid, 

C*H a O a , Mesoxalic acid, 

each of which contains 1 at. carbonic oxide, CO, more than the preceding. Now, 
when mesoxalic acid is acted upon by nascent oxygen, its excess of carbonic oxide is 
removed in the form of carbonic dioxide, and it is thus converted into oxalic acid : 
C*H*0® + 0 * CO* + C*H*0\ 

Mesoxalic Oxalic 

acid. acid. 

Hence, when uric acid is subjected to a more active oxidation than that which s uffi ces 
to produce mesoxalic acid, we obtain oxalic acid, which may occur either in its simple 
anureido state, or conjugated with 1 at. urea to form a monureide, such as para- 
b&uic acid; or with 2 at. urea to form a diureide, such as mycomelic acid, a body 
related to oxalic acid just as uric acid is related to mesoxalic acid. 

Ib like manner, when uric. acid is subjected to a still more powerful oxidation 
suffices to produce oxalic acid, we obtain carbonic acid, which, like oxalic and mes- 
oxalic acids, U also capable of giving rise to ureides. No ureide of carbonic acid 
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has, indeed, yet been formed directly from uric add, the active treatment required to 
effect the complete oxidation of the uric acid producing also a separation from one 
another of the resulting carbonic acid and urea, which, however, may be obtained in 
combination by other means. Allophanic acid, for instance, is a monureide of 
carbonic acid ; but no diureide of this acid appears to have been yet produced. 

Alloxan, the monureide of mesoxalic acid above mentioned, is formed from mes- 
oxalate of urea by elimination* of 2 at water; but there is another monureide, 
namely alloxanic acid, which differs from the original salt by only 1 at water. 
Similarly, oxalic acid forms two monureides — namely, parabanic acid or paraban, 
analogous to alloxan ; and oxaluric aci d, analogous to alloxanic acid. Carbonic 
acid, however, forms but a single ureide, which is produced by the elimination of only 
I at. water, and accordingly belongs to the same series as the oxaluric and alloxania 
acids : thus — 

Acids. TJreidcs . 

CH*0», Carbonic. C*N a H 4 0*, Allophanic acid. 


C’H’O*, Oxalic. 
C f H a 0 4 , Mesoxalic. 


j CWIPO 4 , Oxaluric acid. 
} C«N a H 9 0\ Paraban. 

j C 4 N , H < 0*. Alloxanic acid. 
}C 4 N s H*0\ Alloxan. 


Similarly, among the diureides, some aro formed from tho corresponding monureides 
by elimination of one atom, aud others by elimination of two atoms of water. 

Mesoxalic acid, as already observod, is convertible, by deoxidation or hydrogenation, 
into tartronic acid, and by pushing the deoxidation a stage further, malonie acid is 
obtained- both of which acids are capable of forming inonuroidos and diureides ; and, 
in a similar manner, oxalic and carbonic acids furnish a variety of similar deoxida- 
tion-products. ^ p 

Of the numerous compounds belonging to the uric acid .group thua produced, tho 
most important sire included in the following table,* which is divided perpendicularly 
into three columns of an-urcides, mon-ureidos, and di-uredc», and horizontally into 
three layers of carbonic, oxalic, aud mesoxalic products. The compounds connected by 
dotted lines differ in composition from one another by an excess or deficit of one atom 
of urea minus one atom of water, while those standing on tho same level in the ad- 
joining columns, and unconnected by dotted lines, differ from one another by an excess 
or deficit of one atom of urea minus two atoms of water : — 


An-ureidcs . A fon-ureicUs, Dt-urtideSw* ^ 

CH 2 0», Carbonic- C^N^O 1 , Allophanic. 


C*N*H a 0 2 , Acoturea. 
^-^C*N a H 4 0\ Glycoluric. 

C a H 4 0 9 , Acetic.'* ^ 

CnPO*, Glycollicf C*N*H 4 0*, Hydantoin. ' 

C 9 H 4 0* Glyoxylic. C 9 N 9 H 4 0 9 , Lantanuric.' 

' \.C 9 N 9 H 4 0 4 , Oxaluric. 

C a H a O*, Glyoxalic. - 

C a H 9 0 4 , Oxalic. - " " C*N f H a O", Parabanic. 


Malonie. C’NrH'O 1 , Barbituric. 

C*H 4 O s , Tartronic. C 4 N*H 4 0 4 , Dialurie... 

C 4 N*H 4 0*, Alloxanic. 

C*H a O*, Mesoxalic - — — C 4 N 9 H*0 4 , Alloxan. 


C 4 N 4 H*0* GlyooluriL 
O'N'H-O 9 , Allantoin. 

C 4 N 4 H 4 O f , Mycomelie. 


C»N 4 H 4 0, Hypoxanthina- 
C*N*1I 4 0\ Xanthine. 
C 4 N 4 H 4 0\ TTric acid. 
-C*N 4 H*0 4 , Pseudo-uric. 


Between some of the coxisecutive monureides shown in this table, there exist bodies 
formed by the union of the two consecutive monureides, with elimination of water. 
Such is the mode of formation of allituric, lantanuric, and hydurilic acids, 
and of alloxantin; thus: 


CWHH) 4 — C*N 9 H 4 0 9 + C*N*H 4 O l — H f 0. 

Allituric Hydaotoln. Lsntonurlc 


• CMHng'fl •* lecture* oo Animal ChsarfiH^" (Lewtoo, 1M*) P- !**• 
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m'O 1 - (WH'O 1 + CWHW - H*0. 

Leucoturlc Lantanuric Farabantc 

acid. acid. acid. 

C B N 4 H*0* - 0 4 2^H 4 0 f + C 4 N*H 4 0 4 - H*0. 

Hydurillc Barbituric Dlaluric 

acid. acid. acid. 

C*N 4 H 4 0 T - ON’H'O 4 + C # N*H*0 4 - H*0. 

Alloxantin. Dlaluric Alloxan, 

acid. 

All the compounds above formulated are described in their alphabetical places, 
except barbituric acid, glycoluril, glycoluric acid, and some derivatives of acetylurea 
or acetureide. 

1. Oxalic Monurddes . — Glycoluric acid, C*N*H®0 8 , appears to be identical with 
Baey eris hydantoic acid (iii. 177). 

Th« barium-salt of this acid is produced, together with urea, by heating glycoluril 
(p. 961) with baryta-water : 

C 4 N 2 H a 0 4 + 2H*0 C*NW + CN a H 4 0. 

Glycoluril. Glycoluric Urea. 

acid. 

The urea, however, splits up, in presence of the baryta, into carbonic acid and am- 
monia, so that carbonate of barium is deposited and ammonia given off. 

The glycolurate of barium remains m solution, and by decomposing this solution 
with dilute sulphuric acid and evaporating the filtrate, glycoluric acid is obtained in 
transparent crystals. Its dilute solution, treated with silver-oxide in excess, yields an 
alkaline liquid, which gradually deposits a silver-salt, C*N a H 4 AgO a , in fine pearly 
scales and warty tufts of white needles ; on acidulating with nitric acid, or adding 
nitrate of silver, the pearly scales are deposited immediately. (Rheineck, Ann. Ch. 
Pharm. cxxxiv. 219.) 

Lantanuric acid, CWIPO 1 , is probably identical with the allanturic acid of 
Pelousso (i. 132), and with difHuan (li. 322). 

The relations of lantanuric and oxaluric acid to one another, and to another 
uric acid product called oxaluramide (iv. 277), are the same as those of hydrogen 
and water to ammonia : 

H.H, hydrogen, .... C , N 7 H*(H)0 3 , lantanuric acid. 

H.flO, water C s N a H 8 (HO)0* f oxaluric acid. 

H.H a N, ammonia .... C’N’H^H^O 8 , oxaluramide. 

Tr ibrom acetyl urea, C*N s H s Br*0 1 = CN s H 3 (C*Br B 0)0, is deposited* from a 
solution of dibromobarbituric acid saturated with bromine, after standing for twelve 
hours, or more quickly on agitation, in colourless prismatic needles : ^ 

CWH’BrW + H*0 + Br - C s N 2 H s Br 2 O a + CO a + HBr. 

The same compound is separated by chlorine from a solution of dibromobarbituric acid. 
It is sparingly soluble in cold water, easily soluble in alcohol ; its vapour or powder 
strongly irritates the mucous membrane of the nose and eyes. It melts at 140°, with- 
out decomposition, to a colourless liquid, which solidifies at 123° ; and when more 
strongly heated, gives off an oil (probably tribromacetamide), which solidifies on cool- 
ing, while cy&nunc acid remains behind. Tribromacetylurea is decomposed by b ril- 
ing with water, acids, or alkalis, yielding urea, carbonic acid, and bromoform, the for- 
mation of these products being, however, preceded by that of an intermediate acid, 
probably C*N*H*Br*.H 2 0. — A solution of tribromacetylurea in ammonia becomes turbid 
immediately on boiling, with separation of bromoform ; and the filtrate, when concen- 
trated by evaporation, deposits long needles of iso biuret, C t N*H*0*Jff , O p which 
melts at 185° (biuret at 177°), but resembles biuret in other respects. 

Monobromacetylurea y C*N*H*BrO* *= CN*H*(C 2 H*Br0)0, is obtained by mix- 
ing 3 pt s. urea with b pts. bromide of bromacetyl, and recrystallising the product, 
from dilute alcohol, in needles, which dissolve sparingly in cold water, and are decom- 
posed by water at the boiling heat, also by alkalis. Ammonia converts it intoglycolyl- 
urea (bydantoin, iii. 177), or into oxacetylurea (glycoluric acid): 

CN*H«(C a H-Br0)0 - CN*H , (C 3 H 1 0) m O + HBr. 

Bromiertflum. Glyeolylurea. 

CN*H«(C a H 1 Br0)0 + H*0 - CN*H*[C*H*(H0)0]0 + HBr. 

Bromacety lures. Oxacetylurea. 

2. Oxalic Diurrides . — Allantoin and mycomelic acid are described in their 
alphabetical places. 

Glycoluril, C'K’H’O* is deposited in octahedral crystals, when a solution of 
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allantois, in about 80 pts. water, is acidulated with sulphuric acid, and treated with 
sodium-amalgam containing about 1^ per cent, of sodium. It contains 1 at. oxygen 
less than allantoin. When boiled with baryta-water, it is resolved into glycoluric acid 
and urea (p. 960). (Rheineck.) 

8. Mesoralic Monurcides . — The most important of these compounds appear to be 
alloxan and barbituric acid. Alloxan, the first discovered product of the artificial 
oxidation of uric acid, has recently been recognised by Liebig, as a pre- formed con- 
stituent of urine. When treated with bromine, it yields dibromobarbituric acid, con- 
vertible, by successive dehydrogenation, into bromobnrbituric and barbituric acid, 
which last may bo regarded as a sort of nucleus of the following series of compounds : 


Mesoxalic Monurtides . 


C*N*H‘0* 


Alloxanic acid. 
Dibromobarbituric acid. 

Barbituric acid. 


C 4 N , H , (Br)O l . 

C 4 N*H B (H0)0* 

C'N 3 H*(H*N)0* 

C 4 N»H*(H*NSO t )0« 

C 4 N B H B (N0)0* 

C‘N*H*(N0*)0* 

CN*H»(N»0')0< 


Bromobarbituric acid. 
Dialuric acid. 

Uramilc. 

Thionuric acid. 
Violuric acid. 

Dilituric acid. 
Violantin. 


This last body, violantin, appears to be, not a residuary, but a completed compound 
of violuric and dilituric acids. The mutual relationship of barbituric acid, dialuric 
acid, and uramile in this subgroup, is strictly parallel to that of lantanuric acid, oxalurio 
acid, and oxaluramide in the oxalic group. Moreover, malonic and barbituric acids am 
homologous with oxalic and pAr&banic acids respectively. 


Dibr omobarbituric acid, or Bromallo xan, C 4 N*H B Br*0 B . (Buoy or, Jfthresb. 
1563, p. 634 ; 1864, p. 632.) — This compound is producod by the action of bromine on 
violuric, dilituric, or hydurilic acid, according to tho equations:— 


C'N 2 II B (N0)0 B + Br 4 - C 4 N f H*Br 7 0» + NO Br 4 HBr. 

Violuric «cld. Dibromobarbi- 

turic acid. 


eNH^NO^O* + 

Dilituric acid. 


Br* - 0 4 N’H*Br*0« + NO*Br 4 

Dibromobar- 
blturlc acid. 


C*N 4 R*0* 

Hydurilic 


+ H*0 + Br* 


i C 4 N*H*Br*0* 

Dibromobarbi- 
turic acid. 


C'N*H*0 4 

AUoun. 


HBr. 


+ 4HBr. 


To prepare it, hydurilic acid (iii. 220) is triturated to a paste with nitric acid ; bro- 
mine is added as long as it is taken up, and the solution is warmed, whereupon it 
gives off nitrous acid, and deposits dibromobarbituric acid. 

In this reaction the hydurilic acid is first converted into violuric or dilituric acid, 
which is then transformed into dibromobarbituric acid, a 4 above. 

This acid crystallises in colourless brilliant plates or prism*, belonging to the tri- 
metric system. It is soluble in water, very soluble in hot alcohol and in ether. When 
l wiled in aqueous solution, it is quietly decomposed into hydrobromic acid and alloxan ; 
but it may be crystallised easily from nitric acid, which does not decompose it. It 
dissolves readily in alkalis, yielding compounds which are easily decomposed by heat, 
with loss of part of their bromine. 

A solution of dibromobarbituric acid, digested with metallic zinc, loses half its bro- 
mine, and is converted into bromobarbituric acid, C 4 N B H*BiO*. ^ 

By zulfhydric acid, in presence of water, it is reduced to dialu r ic acid 1 

C 4 N*H*Br J 0* 4 H*S + H*0 - C 4 N*H 4 0 4 4* 2HBr 4 8. 

DibromobarOf- Dialuric 

turic acid. scic. 

With a small quantity of hydriodie acid, it yields hy durili c acid : 

2C*N*H*Bi*O i 4 6HI * C*N 4 H*0* 4 4HBr 4 81*; 

DibiomobarbU Hydurilic 

turic add. arid. 

bnt wharf it is heated with hydriodie acid in excess, the reduction proceed* n step far- 
ther, dad barbituric acid is produced: 

C 4 N 3 H*Br*0* 4 4HI — MTODO* 4 2HBr 4 21*, 

Dibroorobarbl- BsrWtoric 

tdrlc add. ^ 

3 a 


Vol. v. 
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A solution of dibromobarbiturie acid, saturated with bromine, deposits crystals of 
tribromacetyl-urea { p. 960). 

Barbituric acid, C 4 N 2 H 4 0*.2H 2 0, crystallises in beautiful prisms, or sometimes 
in plates or needles, belonging to the trimetric system, sparingly soluble in cold, easily 
in hot water. B y fuming nitric acid , it is converted into dilituricacid (ii. 965); by 
potassic nitrate into potassic violurato ; and by bromine , into dibromobarbiturie 
acid. — When boiled with caustic potash, it gives off ammonia, and yields malonate 
of potassium, C f H 2 K*0 4 , whence it appears to have the constitution of malonyl- 
urea: 

CN 2 H 2 (C 9 H 2 0®)"0 = C 8 H 4 0 4 + CN 2 H 4 0 - 2H*0. 

Malon : c Urea, 

acid. 

Barbituric acid is dibasic, and forms chiefly acid salts, which are obtained by treat- 
ing the corresponding acetates with barbituric acid., The neutral lead-salt is obtained 
by precipitation with neutral lend-aeotate. The following have been analysed : 

Barbiturate of Ammonium . 0 4 N*H*(NH 4 )0*. 

„ Potassium. . G 4 N 2 H 8 KO*. 

lt Sodium . . C 4 N 2 H 8 K*0».2H 2 0. 

„ Barium . . C 8 N 4 H*13a"O a .2lPO. 

„ Copper . .• C 8 N 4 II B 0u"O®.3H 2 O. 

„ Lead. . . C 4 N 2 H-'Pb"0 3 . 

Dibarbituric acid , C 8 N 4 II°0 3 & 2C 4 N 2 H 4 0 9 — IPO. — The ammonium-salt of this 
acid is formed by heating barbituric acid with glycerin to 160°. The acid itself 
is separated by hydrochloric acid from its potassium-salt, as a white nearly inso- 
luble powder. It is dibasic, and its acid salts nro sparingly soluble in water, and 
mostly amorphous. The neutral dibarbiturates of alkali-metal arc easily soluble in 
water, and are precipitated by alcohol. 

Dibarbituric acid, treated with bromine and water, is transformed into yellow crys- 
tals of hydrobromate of di bromodi barbituric acid, C 8 N 4 II 4 Br*0\HBr, which, 
in contact with water or alcohol, are converted into white crystals of dibromodi- 
barbituric acid, C"N 4 H 4 Br 2 O a ; this acid crystallises from hot water in largo colour- 
less crystals containing 1 at. water. 

4. Mesoxalic DiureuUs . — The relationship between the three mesoxalic diureides — 
hypoxanthine, or sarcine, C*N 4 H 4 0 ; xanthine, C 4 N 4 H 4 0* ; and uric acid, 
C y N 4 H 4 0 B — though long suspected, from the similarity of their formulae, has but 
recently received an experimental demonstration at the hands of Strecker and 
Rheinoek. These chemists have shown that hypoxanthine is converted into xanthine 
(j.v.) by oxidation with nitric acid, and, conversely, that uric acid, by deoxidation 
with sodium-amalgam, yields a mixture of xanthine and hypoxanthine. Xantliino is 
doubtless a monureido of barbituric and a diureide of malonic acid, in the same sense 
that uric acid is a monureide of dial uric, and a diureide of tartronic acid. 

Pseudo-uric and uroxanic acids have the composition of hydrates of uric acid. 
Uroxanic acid, C ! ‘N 4 II ,0 0‘ , = C > N 4 lPO*.3lPO, is actually produced by the fixation 
of water on uric acid, its potassium- salt being formed by boiling uric acid for a long 
time in potash -ley. Pseudo-uric acid, C*N 4 lI fl 0 4 — C*N 4 lf 4 0 8 .H 2 0 (iv. 744), is 
not produced by direct oxidation of uric acid, but results from the combination of 
cyanic acid vapour with uramile or amidobarbituric acid, C 4 N 2 H*(H'N)0* (p. 961). 
For just as cyanic acid converts ammonia into anomalous cyanate of ammonia, or urea, 
so does it convert the residue of ammonia contained in uramile, into a residue of urea, 
thereby changing the amido-monureide into a simple diureide, thus : 

C 4 N B H B (H*N)0* + CNHO = C*N*H\CSmK>)0 or C 4 N 4 H«0\ 

Uramile. Cy attic Pseudo- 

acid. uric acid. 

VSnrAST CAX.CVLL 

muMAMT riaMBNTB. 

tmntAjrr gganmn 

Hun. The secretion of the kidneys, the chief fluid excretion of man and of the 
higher animals. The healthy urine of man is a clear, yellowish, fluorescent liquid, of a 
peculiar odour, saline taste, and acid reaction, having a mean specific gravity of 1*020, 
and generally holding in suspension a little mucus. 

Normal Constituents. — 1. Water. — 2 . Inorganic salts : potassium, sodium, 
ammonia, calcium, magnesium, in combination with hydrochloric, phosphoric, sulphu- 
ric (nitric, carbonic) and silicic acids. The ash contains iron. — 3 . Nitrogenous crystal- 
line bodies : urea, uric acid, hippuric acid, creatinine, xanthine (ammonia).— 4. Non* 
nitrogenous organic bodies : sugar (in minute quantities, Brucke, Bence-Jones); 
lactic, succinic, oxalic, formic (malic), and pheny lie acids. All these are found in small 


| See the next article. 
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quantities; indeed, their normal occurrence can hardly be said to be certain.- 6. fWi 
!/<**<* • oxygen, nitrogen, carbonic acid. In 100 c.c. of urine, Planer found 0*87 N t 
O’OG O, 4*54 free CO 3 , 2*07 fixed CO*, measured atO J C., and 760 mm. 

6. figments , — Several substances have been described, by various observers, as 
urinary pigments. Scherer (Ann. Ch. Pharm. lvii. 180), by decomposing, with 
hydrochloric acid and alcohol, the precipitates formed in urine by neutral and basic 
acetate of lead, obtained colouring bodies of variable composition. Harley (Wurt. 
Verdhl. v. 1) lias given the namo urok&matin to a dark-red, amorphous, resinous 
substance, containing iron, readily soluble in alcohol, ether, fresh urine, and alkalis, 
but insoluble in water or acids, which ho obtained from urine. — According to Thudi- 
c hum (Brit. Med. Journ. Nov. 5, 1864), there is but ono normal urinary pigment, 
urochrome, an amorphous substance, of a pure yellow colour, ousily soluble in water, 
less so in ether, very dilute acids, and alkalis, and least of all in alcohol. — Schunk 
(Proc. Roy. Soc. xv. 1) believes that human urine contains two peculiar and distinct 
extractive matters (pigments), one soluble in alcohol and ether, of the composition 
C^H^NO 62 ; the other soluble in alcohol, but insoluble in ether, and of the composition 
CWP'NO** : he regards the results of previous observers as being the products of 
greater or loss decomposition. 

In various discuses spontaneously occurring deposits of urates are often highly 
coloured of a red or rosc-rtxl hue. The pigments in such cases, known under the 
names of rosacic acid , purpurin , urocrythrin, have at present been little studied. 
The urine of man and of many animals (dog’s urine contains a very large quantity) 
contains in health a small quantity, and in some cases of disease a very large amount, 
of a substance which was called by 11 oiler uroxanthin, but which has been shown by 
Schunk to be indican. Fresh urine, is precipitated with neutral and basic acetate of 
lead, the filtrate treated with ammonia, mid tin* resulting precipitate washed, suspended 
in alcohol, and submitted to sulphuretted hydrogen. The filtered alcoholic solution is 
evaporated at a low temperature. It rnuy bo further puri fil'd by dilution with water, 
agitation with fresh hydrated oxide of copper, tilt ml ion, treatment with sulphuretted 
hydrogen, and renewed filtration. By the action of acids, indigo-blue und indigo- red, 
with which most probably the vroylaucin and vrorhodm of Heller aro respectively 
identical, may be obtained. The same cliango probably takes places through tho 
natural decomposition of urine under certain conditions, for indigo -blue has been 
observed to occur spontaneously in urine on exposure to air. (Has sail.) 

Harley regards all these matters as derivatives from his urohnerautin. Thudichum 
denies the existence of indican, and states that his urochrome yields, under various pro- 
cesses of decomposition, a black or brown powder, uromelanin (and a red resin), tho 
latter consisting mainly of uropittin, insoluble, and omicholic acid (Scharling’s oraicli- 
myl-oxide), soluble in ether, — and pissea by a simple process, probably of oxida- 
tion, into uroerythrin. Hassell, however, wais able to convert the blue pigment into 
isatin and aniline, and Schunk states that both the brown powder and resin are pro- 
ducts from indican. 

7. Albuminoid Matters and Ferments. — If urine be mixed with four or five times its 
bulk of spirit, and a watery extract bo mado of the resulting deposit, a solution is 
obtained which is not precipitated by nitric acid, and which, on boiling, gives a pre- 
cipitate of phosphates only, but, especially when concentrated by evaporation, si tows 
the xanthoproteic and Milton's reactions very distinctly. The same solution rapidly 
converts starch into sugar. By treating urine with phosphate of calcium (see Rkpsin, 
Sai.iva) p ferments may be obtained capable of acting on starch, and of digesting albu- 
minoid matters. 

8. Extractives and other Mature.— Colloid acid of MArcet (Proc. Roy. Soc. xiv. I). 
Decolorised urino is concentrated, treated with baiyta, filtered, dialysed for 40 hour*, 
again concentrated, and treated with basic acetate of lead, avoiding an excess. ^ The 
lead-salt thus obtained may be decomposed with sulphuric acid. Schonbein is lid 
to 1 relieve that urine normally contains a trace of peroxide of hydrogen. Urine is said 
to contain unoxidised sulphur and phosphorus. 

Occasional or Abnormal Constituents.— -Blood, tho corpuscles being eilher 
entire and forming a sediment, or destroyed, and their haemoglobin altered. Pus, 
mucus, spermatic fluid, &c. Albumin. In most instances the albumin of albuminous 
urine seems to be identical with serum-albumin. In some eases heat alone, in other 
cases nitric acid alone, fails to produce a precipitate. In a cose of Mollitics ossium , 
Bence-Jones found in the urine a peculiar protein-substance, which was coagulated 
by nitric acid in the cold, but redissofved on applying heat, reappearing, however, on 
cooling. Fibrin in bloody, an-.l especially in the so-called “ chylous n unne. Casein, ■ 
or alkaline albuminates. Fats , lu^esterin* Leucine, tyrosine (in certain hepatic dis- 
eases). AUantom (in young children). Cystine, xanthine, taurine* Glucose (in diabetes 
and in smaller Quantities in various chronic diseases). Inosite, acetone, alhapton, 

3 q 2 
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lactic, acetic (?), metacetomc (?)> butyric, valerianic (?), benzoic, succinic, oxalic, 

oxaluric, taurocholie , glycocholic, ckolic adds. Biliary pigments, indigo-blue, melanin. * 
These are products of metamorphosis ; but the urine is also frequently the bearer of 
matters derived directly from the food. Of the substances which are capable of being 
absorbed from the alimentary canal into the Wood, some reappear in the urine un- 
changed, while others are more or less altered, the changes being, with some exceptions, 
those of oxidation. Thus, there have been recovered from urine (in most instances, of 
course, in small quantities) arsenic, antimony, bismuth, copper, chromium, gold, iron, 
lithium, lead, mercury, silver, tin, zinc. The following substances also are said to 
pass unchanged : — alkaline carbonates, sulphates, nitrates, phosphates, borates, chlo- 
rates, silicates, chlorides, iodides, bromides ; salts of calcium, magnesium, and barium ; 
sulphocyanate and ferrocyanide of potassium ; urea, leucine, hippuric acid, creatine, 
quinine (?), morphine, strychnine, atropine, alcohol (?), sulphovinates, Bulphom ethylates, 
sulphoamylates ; gallic, pyrogallic, anisylic, cumaric, cuniinic, camphoric, and piric 
acids, together with several pigmentary and odoriferous matters. The ammonia-salts 
pass unchanged, or are partially converted into nitrates. Free organic acids (oxalic, 
citric, &c.) aro unchanged ; their neutral salts, however, are converted into carbonates ; 
malic acid, as malate of calcium, becomes succinic acid (Meissner). Sulphur and 
alkaline sulphides and sulphites are changed, in part at least, into sulphates. Sulphur 
taken in by the skin is said to give rise to xanthine. Free iodine becomes alkaline 
iodide. Tannic is changed into gallic acid. Benzoic acid, hydride of benzoyl, cin- 
namic acid, quinic acid, and mandelic acid give rise to hippuric acid. Nitrobenzoic 
acid is converted into nitrohippuric acid, chlorbenzoic into chlorhippuric, salicylic 
into salicyluric, toluic into toluric, anisic into anisuric acid. Uric acid, allan- 
toin, alloxantin, guanine, glycocine, theine, and theobromine are said to give rise to an 
increase of xiroa. Salicin is converted into salicylol, salicylic acid (salicyluric), and 
saligenin. Ferrocyanide of potassium becomes ferricyanide. Indigo-blue is said to be 
reduced to indigo-white. 

AHdity of Urine . — Healthy urine has generally when passed an acid reaction; the 
mean amount of acidity may be taken as equivalent to 2 grins, of oxalic acid in the 24 
hours. The degree of acidity varies from time to time ; it is lessened during diges- 
tion ; indeed the urine may, after a meal, become alkaline. The acidity is due, in part 
at least, to the acid phosphate of sodium, but the quantity of that salt present in 
healthy urine is insufficient to account for the whole of the acidity; the rest is supplied 
by some free acid or acids — hippuric, lactic, colloid. According to Scherer, tho 
acidity of urine exposodto the atmosphere gradually increases for several days, through 
an “acid fermentation,” in which the mucus and the pigmentary and extractive matters 
take part ; afterwards a species of yeast appears. This increase of acidity iB, how- 
ever, denied by Bence- Jones. 

Alkaline Urine. —Sooner or later, within a few days, or not until two or three weeks, 
tho acid gives way to an alkaline reaction, the urea becoming converted into carbonate 
of ammonia through a process of fermentation. This change is accompanied by the 
appearance of crystals of triple phosphate, confervo'id growths, and vibriones. It 
may take plaee almost immediately after the urine has been passed, or (in certain 
diseases) even within the bladder. The mucus has been supposed to act as a ferment; 
but this is probably incorrect. It is much more likely that the change is due to 
tile action of a distinct ferment, perhaps an organic being. 


Table ( after Par Ices) of the Amounts of the several Urinary Constituents passed m 
Twenty-four Hours . 

By an average man of 66 kilo*. Per 1 kilo, of body-weight 

centimetres, 
grammes. 


Water . 


. 1501*00 centimetres. 

23*000 

Total solids 

, . 

. 61*14 grammes. 

•93 

Urea 

. , 

33*18 

*500 

Uric acid . 

, , 

*656 

•0084 

Hippuric acid (B ence-J ones) . *4 

•006 

Creatinine (Neuba 

uer) , 

. 01 

•014 

Figment and extractives ... 

. 10*00 

•151 

Sulphuric acid . 


. 2*012 

.0305 

Phosphoric acid 


3*164 

•048 

Chlorine . 


(8*21) 7 00 

*126 

Ammonia . • 

■ • 

*77 


Potassium 

* * 

. 2*5 


Sodium . 

• • 

1109 


Calcium . 

• • 

*260 


Magnesium . . 
Iron 

• • 

*207 
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Urine, being the vehicle through which the body gets rid of by fur the greater part 
of the solid, matters resulting from or concerned in the vital processes of mete* 
morphosis, naturally varies within the widest limits, as to both the absolute and 
relative quantities of its constituents, according to the condition, behaviour, and treat- 
ment of the organism. The amount of urea passed during a given time is, taken 
relatively to the body-weight, increased in childhood and lessened in old age , it is 
directly dependent on the quantity and quality of food consumed, and is obscurely con- 
nected with the labours of the frame (see Nutrition, iv. 163). The uric acid is increased 
by food (especially by animal food), by exercise, by hindrances to the action of the skin, 
or to the function of respiration in general, and by various morbid conditions. Hip. 
puric acid is increased by vegetable food ; in the horse it is stud to be increased by 
work. Creatinine is increased by animal food. The chlorides, sulphates, and phos- 
phates vary with the food ; the sulphates and phosphates are said to run, to some 
extent, parallel with the urea, and to be incroasod by muscular work, and the phos- 
phates (especially the earthy phosphates) by mental labour. For further details con- 
sult Parkes, 14 Tho Composition of the Urine in Health and Disease.” 

Urine of other Animals . — The urine of carnivora in general is acid and clear, 
contains a large amount of uroa, but only a small quantity of uric acid. That of 
herbi vo ra is alkaline and turbid (from carbonates), contains hippuric but no uric 
acid (unless the animals are starving or feeding on flesh), a large quantity of earthy 
carbonates, and but little phosphates. Tho urine of tho dog is wholly or very nearly 
free from uric acid ; contains cynurcnic acid, hippuric acid, a large quantify of lndifun ; 
and, when the animal is feeding on flesh and fat, boiiio sueeinie arid. That of the 
horse is rich in hippuric acid and earthy carbonates, and contains a decided qnantity 
of sugar. That of the cow contains from *4 — 2*7 per cent, of hippuric acid (Hen- 
nob erg); from it have been obtained damolio, dnmaluric, and taurvlie acids. The 
urine of the sucking calf is rrmarkuble for the presence of nllantoin and the absence 
of hippuric acid, ft feature which, disappears on weaning. The urine of tho pig is 
alkaline, and rich in alkaline carbonates, clear oven on standing for some time, but 
becomes turbid when heated, contains urea, but neither uric nor hippuric acid. The 
portion of the excrement of birds that corresponds to urine is rich in uric acid and 
urates of ammonia and lime. Urea is said to exiwt in tho excrement of carnivorous 
birds. The urine of ophidians consists ofurie acid, urates of sodium, potassium, and 
ammonium, some urea, and a little calcic phosphate. The urine of the Tcstudo tabu- 
lata contains urea, uric and hippuric acids, chlorides, sulphates, and a small quantity 
of phosphates. The urine of the frog contains urea, chlorides, and phosphates. Uric 
acid has been found in the excrement of butterflies, beetles, caterpillars, and snails, 
and guanine in tho excrement of spiders, and in certain organs of mollusca. 

Urinary Sediments. — Many specimens of urine exhibit, on standing, deposits or 
sediments consisting of morphological elements, and of chemical bodies, crystalline or 
amorphous. To the first elass belong blood-corpuscles, pus- and mucus-corpuscles, 
spermatozoa, epithelial scales, cm sis of the uriniferous tubes, &e. The members of .tho 
second class are various and many. — Urates (the ordinary brick-dust sediment) in 
amorphous irregular particles, round globules, and fine acieular crystals, consisting of 
a g* eat excess (8*2 per cent.) of uric acid in combination with variable quantities of 
ammonia, soda, potash, and lime. — Uric avid , in crystals of various shapes, mostly 
coloured, chiefly rhombic prisms and plates, sometimes thin hexagonal plates, dumb- 
bells (artificial only?). — Phosjihulcs : ammonio-phosphate of magnesium, in large, 
transparent, rhombic prisms, or pen ni form ; phosphate of calcium, amorphous, or 
crystallising in very various shapes, often forming glomerules or rosettes, with lozenge- 
shaped or acieular elements, sometimes pen inform. — Oxalate of calcium , in octahe- 
dral crystals, or forming the “ dumb-bell ” bodies . — Cartumate of calcium occasionally 
occurs in man, sometimes in the form of dumb-bells. It is very abundant in the urine 
of the horse, in peculiar globular bodies, formed of concentric layers. — 2 lit /puric acid 
(uncommon), in acuminated needles or acieular crystals. — Cystine, amorphous, ur in 
transparent, colourless, hexagonal plates. — Leucine , in peculiar round bodies, having 
a concentric arrangement, or in needles, or granular. — Tyrosine, in acieular heaps and 
rosettes. — Xanthine , amorphous, or in small oblong plates (Bence-Jones). — Chute* - 
terin . — Sulphate of calcium, in acieular crystals, has been observed. (Valenti ner.) 

Urinary Calculi* — In the pelvis of the kidney, in the ureters, in the bladder, and 
in the urethra are found concretions of very variable size, form, conmWnyy, structure, 
and composition. They are called urinary (renal, ureteric , vesical, urethral) calculi, 
and are made up chiefly of the solid constituents of the urine. Sometimes homoge- 
neous, they are more frequently formed of numerous concentric layers. A central 
portion, the nucleus. , may generally be distinguished from the external portions, and is 
sometimes formed by a foreign body. 
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Uric acid, urates of ammonium, calcium, potassium, sodium, and magnesium, phos- 
phates of calcium, of ammonium and magnesium, and of iron, carbonates of calcium 
and magnesium, oxalates of calcium and ammonium, hippurate of ammonium, chloride 
of ammonium, cystine, xanthine, ferric oxide, silica, mucus, fat, blood, colouring and 
other extractive matters, have all been mentioned as constituents of urinary calculi. 
It is very unusual to meet with calculi formed exclusively of a single substance ; many 
calculi are formed chiefly of uric acid, others chiefly of oxalate of calcium, but these 
generally contain at least a small quantity of other matters. The most common forms 
are uric acid with urates of ammonium or calcium, ammonio-magnesian phosphate 
with phosphate and carbonate of calcium, uric acid with phosphates, oxalate of cal* 
cium with phosphates. The concentric layers are frequently distinct, not in appear- 
ance only, but also in composition ; and a curious alternation of materiul is at times 
observed, uric acid, for instance, changing place with urates, phosphates, oxalates, &c. 
A nucleus of uric acid is frequently surrounded by an external coat of phosphates, but 
a nucleus of phosphates with a coating of uric acid, &c., is never observed. The most 
external layers in many calculi of various composition is apt to be phosphatic. The 
oxalate calculi (often called mulberry , from their peculiar form) are generally the 
hardest, the phosphatic the softest. Calculi of cystine are rare, those of xanthine still 
more so. 

The following may be taken as analyses of the more typical forms : 

Uric acid. 


Uric acid 

m # 

. 92-8 84*69 


Urates . 

( # 

3*2 903 


Ammonio-magnesiau phosphate 1*12 


Extractives . 


100) 


Water , , 

. 

300 { 261 


Phosphate. 


Oxalate. 


Urate of sodium 

9*77 

Calcic oxalato 

63 *5 

Calcic phosphate . 

34*74 

Calcic phosphate 

6*2 

Ammonio-magnesian phosphate 

38'35 

Water and organic matters 

30*3 

Calcic carbonate . 

314 



Magnesic carbonate 

2*55 



Extractives, &c. . 

687 




Analysis of Urine . 



Determination of Urea. (Liebig’s method.) Prepared urine (if albumin bo pre- 
sent it must be separated by boiling; sonic urea wilt probably be lost): two volumes 
of urine are mixed with 1 volumo of a “ baryta mixture” (consisting of 2 volumes of 
baryta-water to 1 volumo of a solution of barium-nitrate, both saturated in tho 
cold), and filtered. — Urea-solution : 2 grins, of pure urea are dissolved in water, 
and the solution diluted to 100 c.c . — Mercurial solution: a concentrated solution of 
pure mercuric nitrate is diluted with four times its bulk of water. 10 c.c. of tho 
urea- solution are measured into a beaker, and tho mercurial solution is slowly added 
from a burette as long as any precipitation takes place; a drop of the mixture is then 
Jot fall by a glass rod into a drop of a solution of sodic carbonate, placed in a watch- 
glass, or on a glass plate, over some black surface. If the precipitate, which occurs on 
the mingling of the two drops, docs not becomo in a few seconds distinctly yellow, 
more of the mercurial solution must bo added to the mixture in the beaker, and the 
trial made again. As soon as a distinct yellow colour appears (the shade being noticed 
by tho observer in order to guide him afterwards), the trial drops are returned into 
tho beaker, and a little of the soda-solution added, until the mixture is only faintly 
acid. A drop is then again to be tried with the soda-solution ; and if the yellow colour 
does not show itself, a small quantity of the mercurial solution must still be added to 
the mixture in the beaker, and trial made again. When the yellow colour has been 
thus obtained, the total quantity of mercurial solution used is read off; it corresponds 
to '2 grm. urea. The mercurial solution itself is then diluted according to these re- 
sults, so that 20 c.c. of it corresponds to 10 grms. of the urea-solution, i.e. bo that 
10 c.c. correspond to *1 grm. urea. It is well not to add, at once, the whole of the 
water required; but to stop a little short of that, and titrate again, since, practically, 
the degree of dilution required is rather less than that suggested by calculation. 

Method , — Of tho prepared urine, 15 c.c., corresponding to 10 c.c. of the original 
urine, are poured out into a beaker or flask, and tho mercurial solution is added until 
the yellow reaction, as described above, is obtained ; the mixture is also in the same 
way reduced in acidity,, and ‘trial made Again. The quantity of mercurial solution 
used will give thfc amount of urea in the 10 c.c. of urine. Unfortunately, the 
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reaction is exact only for fluids containing 2 per cent* of urea ; its appoamnce is piv* 
mature when more, and is delayed when less than that percentage is present. If the 
prepared unno contains an excess of urea, double its volume of the mercurial solution 
will have been used, and yet no reaction set in. Hence, if, on arriving at this point, 
1 c.c. of distilled water be added to the mixture for every additional 2 c.c. of the mer- 
curial solution employed, the proportion of urea will be maintained at 2 per cent., and 
the final result wifi be correct. Thus if, after the addition of 30 e,c. of t he mercurial 
solution to 16 c.c. of prepared urine, the reaction is not seen, 1 c.c. of distilled water is 
added, and the process continued. Supposing the reaction finally sets in when 10 c.c 
more, or 40 c.c. in ail, of the mercurial solution have been used, the 6 c.c. of distilled 
water, which have been also added, will bring up the original 15 c.c. of urine to 20 c.c.; 
the 40 c.c. of mercurial solution will have boon employed on a fluid containing 2 per 
cent, of urea. If the prepared urine contains less than 2 per cent, of urea, an approxi- 
mate correction may be made by subtracting *1 c,c. from every 5 c.c. of the mercurial 
solution that is run short of tho normal 30 c.c. Tima, if with 15 c.c. of prepared urine, 
the yellow colour is struck on using 20 c.c. of the mercurial solution, *2 c.c. (30-20 
= 5x2) are deducted, and therefore 19 8 c.c. taken as the correct result. A further 
correction must bo made for chloride of sodium, the presence of which delays tho reac- 
tion. We may inakn an approximate correction by dwlurting from the quantity of 
mercurial solution employed. 1*5 c.c. — 2 5 c.c., according to the quantity of chloride of 
sodium present Or we may first remove tho chloride. To 16 c.c. of prepared urine, ono 
or two drops of solution of neutral chromato of potash art' added, and a solution of 
nitrate of silver dropped in from a burette, until tho appearance of tho rod chromate of 
silver indicates that the whole of the chloride has been thrown down ; the mercurial 
solution can then bo at. oneo used without removing tho silver-precipitate. Tho re- 
duction in the percentage of urea, by the addition of tho silver-solution, must of 
course bo taken into account. Or two portions of prepared urine may bo taken of 
15 c.c, each. Ono is neutralised with nitric acid, tho mercurial solution added, and the 
point marked at which a permanent precipitate (a' distinct cloud, not a more opales- 
cence) is produced. The other is titrated in tho usual way. Tho number of c.c. em- 
ployed in the latter, minus those employed in the former operation, will give the real 
quantity of urea. It must bo remembered that other nitrogenous bodies, creatinine, 
nllantoin, &c., arc precipitated by the mercurial solution in the sumo way as urea. 

Ikintz and Rag shy's Method. — A given quantity (20 c.c.) of urine is precipitated with 
tetrachloride of platinum, and tho precipitate washed with spirit, dried, and 
weighed. From 2 to 5 c.c. of the same urine (according to concentration) nre hunted to 
180° — 200°, in a covered platinum or porcelain capsule, with an equal bulk of sul- 
phuric acid ; and after cooling are diluted with water, filtered, and precipitated with 
tetrachloride of platinum. Both precipitates ore calculated for 100 c.c. urine, and tho 
former deducted from the latter; the result multiplied by 13123 gives the percentage 
of urea, 

Davejfs Method. — A small quantity of urine is poured into a graduated glass fubo 
a third full of mercury ; the tube is then filled with a solution of audio hyijoehlorite, 
rapidly iir verted ovor a saturated solution of chloride of sodium, and left fo stand 
several hours. The quantity of gas (nitrogen) given out is read off. 1*649 cubic inches 
of nitrogen at 00° F. and 30" bar. » I grain urea. 

Uric acid, ammonia, &c. arc in this method confounded with urea. 

Bunsen's Method. — A given quantity of prepared urine is heated, at 220°— 240°, 
with chloride of barium in a sealed tube, and t he resulting carbonate of barium deter- 
mined. I grm. barium-carbonate = *3941 urea. 

Uric Acid. — To 200 c.e. of urine, 10 c.e. of hydrochloric acid aro added, the mix- 
ture allowed to stand 48 hour® in a coot place, filtered through a very small filter,, 
on which the crystals are placed, washed, dried, and woighod. Tho wash-watej* 
should not exceed 30 c.c. ; if tho last drops still produce cloudiness in a silver-solution, 
more must of course be used; and for every additional cubic centimetre of wash- 
water used, *045 milligramme is added to tho amount of uric acid found. This correc- 
tion is a compromise between tho loss arising from the partial solubility of the uric acid, 
and tho gain duo to the colouring-matter inseparably connected with the crystals. 
Has sail (Lancet, 1867, May 6), has shown that the mixture of uric acid and pig- 
ment, which is usually weighed as uric acid, varies extremely, according fo tho con- 
centration of the urine, the amount of acid employed, tho time allowed for crystallisa- 
tion, and the surrounding temperature. If the urine contains albumin, this must 
first be removed by coagulation, with the very careful use of dilute acetic acid, using 
afterwards strong acetic, instead of hydrochloric, acid to precipitate the uric acid. 

Htppuric Acid. — The urine is digesbxl with animal charcoal (2 grammes 
to each 10 ee ), and filtered ; 200 c c. are evaporated down to 60 P.C., 20 c.c. 
of hydrochloric acid added, and the mixture allowed to stand for twenty- four hours 
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in a cool place. The hippuric acid which crystallises out is collected on a weighed 
filter, washed with a small quantity of cold water until the filtrate is colourless, dried 
at 100 °, and weighed. The wash-water is collected and measured, and for eveiy 
6 c.c. of it, *01 gramme is added to the weight of hippuric acid, in order to correct 
the error due to that substance being slightly soluble in cold water. This process is 
of course useless where uric acid is present. 

Creatinine. — To 300 c.c. of urine, rendered alkaline with milk of lime, a solu- 
tion of calcic chloride is added as long as any precipitate occurs. The mixture 
is allowed to stand for one or two hours, and filtered. The filtrate and washings are 
evaporated to dryness in a water-bath, and, while still warm, treated with 30 or 40 
c.c. of alcohol, 95 per cent. The mixture, after standing for four or five hours in 
a cool place, is passed through a small filter, and the filter washed with small quantities 
of spirit 

The filtrate and washings — reduced in bulk, if necessary, to 40 or 50 c.c. by 
being placed over hot plates — are mixed with 6 c.c. of a solution of chloride of zinc 
(specific gravity 1*2, absolutely free from acidity), and allowed to stand for three or 
four days in a very cool place. The crystals that appear are collected on a small 
filter, washed first with the mother-liquor, and then with small quantities of spirit, 
dried at 100°, and weighed. 100 pts. of zinc-compound = 62*44 pts. of creatinine. 

Albumin. — From 30 to 100 c.c. of urine, according to concentration, are 
heated with the naked flame, a drop or two of acetic acid being added, until the 
albumin is thoroughly coagulated, and the fluid capable of being filtered. The deposit 
is dried at 120°, and over sulphuric acid, until it ceases to lose weight. Other matters 
are carried down with the albumin, but these are insignificant. 

Sugar. — In diabetes, when the quantity of sugar is very considerable, the deter- 
mination may be made with the alkaline copper-solution, by the saceharimeter, or by 
fermentation. When the quantity of sugar is very small, the following process may 
be adopted : — A given quantity of urine (1000 cubic centimetres) is concentrated, and 
precipitated with sugar of lead and filtered ; the filtrate is precipitated with acetate of 
lead and filtered. This second filtrate is precipitated with ammonia, the deposit 
suspended in alcohol, submitted to sulphydric acid, and filtered. The spirit fil- 
trate is evaporated, and its sugar determined in any of the usual ways. 

Chlorides. — In fresh urine, free from albumin, much uric acid, or mucus, the 
chlorides may be determined with tolerable accuracy by the silver and chromate of 
potash method. 

Phosphates maybe determined by the uranic oxide process. 

Ammonia . — Twenty cnbic centimetres of urine are placed in a shallow vessel, over 
which is arranged another small shallow vessel containing 10 c.c. of a standard 
solution of dilute sulphuric acid; and the whole is covered with an airtight bell-jar. 
The boll-jar is slightly raised, 10 c.c. of milk of lime quickly introduced into the 
urine, ana the jar at once replaced. In about 48 hours, the whole of the ammonia is 
disengaged from the urine, and absorbed by the sulphuric acid. By titrating the sul- 
phuric acid after the experiment, and comparing it with the standard solution, the 
amount of ammonia is arrived at. 

Bile Acids . — Urine is precipitated with basic acetate of lead and a little am- 
monia; the precipitate It washed, boiled in alcohol, and filtered hot; the alcoholic 
solution is treated with a 'few drops of soda, and evaporated to dryness ; the residue 
extracted with absolute alcohol ; the filtered solution reduced in volume, mixed with 
an excess of $ther, and left to crystallise. The crystalline deposit is mixed with dilute 
sulphuric add ( I to 4), and a few drops of a solution of cane-sugar added. The mixture, 
on being gently warmed, should give the purple coloration of Pettenkofer. M. F. 

tntnra, fVfllBU BALT op. Sal urines fusibilis, — Ammonio-sodic phos- 
phate. 

VB1VB, SPOUT OP. The solution of ammonium-carbonate, obtained by dis- 
tilling putrid urine. 

VROCHROROB, TOOC7AWIH, trRORRYTSRIB, VROO&ATTOXjr, 
VROHSKATXir, PROKtti AJfflR » UROFXTTO, XTRORHOBIY. See 

Urinary Pigments (p, 963). 

mOBTSAUTS (from olpov, urine ; <rriap, tallow ; and Affor, stone). — A fatty 
substance found in a urinary calculus. On evaporating the solution of the calculus in 
carbonate of sodium, adding a little sulphuric acid, extracting with ether, and leaving 
the ether to evaporate, the urostealite was obtained as a violet residue, which softened 
in boiling water without dissolving, was sparingly soluble in alcohol, more easily in 
ether and in caustic potash, less easily in ammonia and in carbonate of potassium. It 
softened when heated, and when more strongly heated gave off a thick smoke, and an 



UROXANIC ACID— URSONE. 969 


odour like that of benzoin end abellac. (Heller, Arch, f, Phys. u. nethoL C hemic, u. 
Jfikres. 1846, p. 1.) 

nwuno AOa. CWH-O*. (SUdeUr, Ann. Ch. Phnrm. Ixxviii. 386 ; 

1 19.) — A product obtained by boiling uric acid with rather strong po tash- ley ; 
C*N 4 H 4 0* + 3H*0 - C i N 4 H , *0*. 

Uric acid. Uroxanic acid. 

Other products are formed at the same time — namely, l&ntanuric acid, urea, formic acid, 
and oxalic acid. 

On leaving the resulting solution in contact with the air, it absorbs carbonic acid, 
and slowly deposits acid urate of potassium in tho form of a white powder ; but, after 
several weeks or months, tabular crystals of potassic uroxanate are formed, the urate 
disappearing at the same time. By decomposing the solution of the uroxanate with 
hydrochloric or sulphuric acid, the uroxanic acid is obtained in indistinct prismatio 
crystals, or from warm moderately dilute solutions, in colourless transparent tetra- 
hedrons. 

Uroxanic acid is slightly soluble in cold water, quite insoluble in cold alcohol. It 
is easily decomposed even by boiling with water, giving off carbonic anhydride. The 
dry acid heated in a glass tube above 100°, gives off water and earbonic anhydride. 
If, however, the temperature be maintained at 13<>° till the weight of the residue 
becomes constant, the acid is found to have lost 34*8 per cent, of its weight, and a 
yellowish hygroscopic substance is left, called uroxil by Stddelor, aud having tho 
composition of uroxanic an hydri de, CPN'llK) 4 (which is also that of di&lumte 
of ammonium). At a strongor heat, uroxanic acid melts to a brown liquid, gives off 
ammonia, and probably also cyanide of ammonium, yields an oily distillate solidifying 
as it cools, and leaves a small quantity of carbonaceous residue. Strong nitric acid 
docs not act on uroxanic aeid in tho cold, but dissolves it when heated, without evo- 
lution of gas, tho solution on cooling yielding crystals, probably a product of oxida- 
tion. The mother-liquor yields, on evaporat ion, a white residue, which is not coloured 
by carbonate of ammonium. 

Uroxanic acid is dibasic, tho general formula of its salts being C*N 4 H"M , 0\ Some 
of the uroxunates are soluble in water, but most of them are insoluble in alcohol. 

The ammonium-salt separates, in small four-sided tablets, on adding alcohol to a 
solution of the acid in dilute ammonia. — The potassium-salt, C h N 4 II*K 3 0\3Il v 0, 
obtained as alxjvo described from uric acid, crystalling in large, nacreous, four-sided 
plates, with angles of 97° and 83°. It is moderately soluble in cold, very solubla 
in hot water, insoluble in alcohol ; gives off its water of crystallisation at 100° ; 
and at a higher temperature melts, gives off a little carbonate of ammonium, and 
leaves a residue blackened by charcoal. 

The barium-salt separates, on mixing a solution of the acid in excess of Ammonia 
with chloride of barium, and adding alcohol, in thick flocks which gradually change 
to slender shining needles. — The calcium- salt, obtained in like manner, forms small, 
shining, four- sided plates, which, by boiling in the liquid, are converted into larger 
crystals, like those of the barium-salt. — The lead-salt, 2C 4 N 4 H"Pb''0\H*<), is j pre- 
cipitated by nitrate of lead from the solution of the potassium-salt, in delicate satiny 
scales, quite insoluble in water, and becoming anhydrous at 100°. — The silver-salt is ob- 
tained in like manner, as a white floccnlent precipitate, but soon settles down to a dense 
powder, Hirliich turns red on exposure to light, and black when he&ted in the liquid. 

VEOZAirxo ANHTS&ZSS. Soo preceding article. 

VEOXANTHIV. See Urinary Pigments (p. 963). 


VKOZZL. Syn. with Uroxanic Anhydride. 
VBOSZV, Svn. with Alloxantin (i. 133). 


berry, Arctostaphylos uea-ursi. 
(Arch. Pharm. [2], lxxx. 273), and 1 


Syn. with Uroxil. 

C ,0 H ,4 O ? — A resinous body obtained from the leaves of the rod boar- 
It was first prepared by Trommsdorff in 1864 

t ^ and further examined by H Iasi wets (J. pr. (’hern. 

lxiv. 123), who assigned to it the formula C**H ,3 0*. To prepare it, the leaves of the 
bearberry, after being freed from arbutin by exhaustion with water, are treated with 
alcohol, the solution is evaporated, tho residue treated with water and ether, and the 
nrsone which then remains undissolved, is purified by crystallisation from alcohol. 
Or the leaves are treated with ether in a displacement apparatus, whereby a dark- 
green extract is obtained, which deposits a considerable quantity of ciystamue nmone 
to be purified by crystallisation from alcohol. _ , 

Ursone crystallises in slender colourless needles, having a nay lustre, tasteless 
and inodorous, insoluble in water and in aqueous adds or alkalis, soluble won 
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dificultY in ether or alcohol. It molts at 190° 200°, and aolidifie. again 

crystalline form on cooling; if heated above its melting-point, it remain?* a «nA™! 

after cooling, and at a still higher temperature boils, and appears to volatilise 

decomposition. m , , . ■ ■ 

According to HJa siwetz, ursoae agrees in composition ana in most of its properties 
with h&rtin from lignite (Hi. 14). 

ITBTIOA. The stinging power of nettles, Urtica urms and U. dioica, is due (ap. 
cording to Saiadin) to acid carbonate of ammonium, contained in glands beuoath 
their epidermis ; the juice contains nitrate of potassium and nitrate of calcium. Ac- 
cording to Boll ig, water distilled over the herb contains carbonate of ammonium • 
according to G-orup-Besanez, it contains formic acid. 

The yellowish decoction of the leaves, when left to dry in contact with the air, egpo- 
daily in presence of alkalis, is said, by Leuch, to yield a fine emerald-green colour. 
The herb of U . urens yields, by fermentation, a Bo-ealled ferment-oil (ii. 636) (Bley). 
The seeds of both kinds of nettle are said to be useful as remedies in cases of dysen- 
tery. 

The fibre of many species of Urtica yields useful tissues. The Chinese are said to 
fabricate a fine silky stuff from the fibres of Urtica nivea . (Handw. d. Chem. ix. 68.) 

USW1C ACID, or vssrnsr. An acid obtained from several species of lichen. It 
was firHt prepared and examined by Knop (Ann. Ch. Pharm. xlix. 103), and further 
investigated by Rochleder and Heldt (itnd. xlviii. 12), Thomson (ibid. liii. 262), 
Sten lions o (itnd. lxviii. 97, 114), and Ilesso (itnd. cxvii. 343). — Stenhouse assigned 
to it tho formula — more probably C**H la O li f or C ,9 H ,a O a ; according to 

Hesse, it is C ,H H I8 0 7 . It is found in Usnea fiorida, U. karta, U. plicata , U. barbaia, 
Ramalina calicaris, Cladonia rangiferina, Parmelia furfuraceg, Evcrnia prunastri, and 
others. 

According to Stonhouso, the sovoral species of Usnea are best adapted for tho pre- 
paration of usnic acid, especially Usnea fiorida’ next in point of eligibility comes 
Cladonia rangiferina, while the soveral species of Ramalina and Evernia prunastri are 
less adapted for the purpose, because they yield resinous acids difficult to purify. 
Hesse uses Ramalina calicaris (var. fraxinca and chnaumatica) for the preparation of 
alplia-usnic acid, and Cladonia rangiferina for the preparation of beta-usnic acid. 

Preparation. — Knop exhausts the lichens with other in a displacement apparatus, 
then distils off the ether, and treats the residue with alcohol ; the alcoholic solution 
thus obtained deposits usnic acid in crystals on cooling, liochloder and Heldt digest 
the lichens with a mixture of ammonia and aqueous alcohol, filter the liquid 
after some minutes, then mix it with one-third of its volumo of water, and neutralise 
with acetic acid ; the usnic acid tlioreby precipitated is washed, and recrystallised from 
alcohol. — Stonhouse exhausts the lichens with milk of lime, and precipitates with hy- 
drochloric acid. 

Hesse also exhausts tho lichens (Ramalina calicaris, var. fraxinca and chnaumatica) 
with milk of lime, supersaturates with hydrochloric acid, and boils for a short time, 
whereupon alplia-usnic acid crystallises out. The deposit is washed with water, then 
boiled with alcohol, and the residue is dissolved in boiling acetic acid, the solution 
mixed with animal charcoal, and filtered. — To prepare beta-usnic acid from Cladonia 
rangiferina, Hesse exhausts the lichen with dilute soda-ley ; saturates with hydro- 
chloric acid ; washes the precipitate, which contains brown humous substances, with 
water ; dries it, and exhausts it with ether ; evaporates the ethereal solution ; and 
mixes the residue with alcohol. Beta-usnic acid thou crystallises out, and may bo 
purified by recrystallisation from alcohol with addition of animal charcoal. 

Properties. — Usnic acid forms thin, light, sulphur-yellow needles, which become 
strongly electric by friction, are not moistened by water, diseolve but sparingly in 
ordinary alcohol, oven at tho boiling heat, but easily in boiling ether or turpentine-oil. 

Usnic acid melts when somewhat strongly heated, alpha-nsnic acid at 203° 
(Hesse), at 200° (Knop); beta-usnic acid at 175° : this difference of melting-point is 
the only essential distinction between the two acids. Melted usnic acid is yellowish 
and resinous, and solidifies in the crystalline form on cooling ; at a higher temperature 
it yields a crystalline sublimate, an oily distillate containing beta-orcein, ana a car- 
bonaceous residue, Usnic acid is not coloured by ferric chloride or by hypochlorite 
of sodium. 

Chlorine converts usnic acid into a resinous body ; sulphuric acid dissolves it, form- 
ing a yellow solution, which is precipitated by water. Nitric acid heated with it, forms 
a yellow resin. Usnic acid dissolves easily in alkaline liquids : the solutions, which 
contain beta-orcein together with a resin, become dark-red on exposure to the air, and 
At last nearly black. 

Usnic acid is monobasic, the composition of its salts being C li H , *MO T , according to 
Hesse; C lv H lk MO T , according to Knop. Tho usnates of tho alkali-metals are 
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fsolnble iu watw; the wet are insoluble in water, but soluble in alcohol: ether 
extracts usnic acid from them. 

Utmate of ammonium, obtained bypassing ammonia-gas into absolute alcohol in 
* SU8p !^l dl needle-shaped crystals.--.The potassium-sal U 
C ,B H ,T KO .6H*0, is prepared by boiling usme acid with a strong solution of potassie 
carbonate. It separates almost completely from the solution on cooling, and when 
recrystallised from alcohol, forms white laminae, which give off all their water at Mo 15 
Its solution froths like soap-water, and, when mixed with a largo quantity of water’ 
deposits an acid salt.— The sodium-salt forms stellate groups of silky needles* it re- 
acts like the potassium-salt, but is more easily decomposed. — The harium-stt?/ 
C* # H !M Ba"0 N J may bo crystallised from alcohol ; the aqueous solution quickly becomes 
coloured on exposures to the air. — The cupric salt , C Si H M Cu'0 H , is a green precipitate • 
the lead-salt, & white precipitate ; tho si her -salt, a white precipitate which quickly 
blackens. * 


41 V ITXC and 41 VZTONZO ACIDS. Acids .produced, according to Finek, 
by the action of baryta-wator on pyrora comic* acid. Tho former has the composition 
C fl H"0 4 ; the latter appears to be merely a syrupy modification of pyroracemic acid 
(iv. 770). 

WAftOWITE, Chrome-garnet , Chrome -linie-ga met, 3Cn0.Cr*0*.3Si0 # , with 
small quantities of alumina, ferrous oxide, and magnesia, occurs at Saninowskaja, 
near Bissersk, and near Kyschtimsk, in the Ural, in rhombic dodecahedrons, mid 
massive, with imperfectly conchoidal or splintery fracluro, cine raid -groen colour, and 
greenish-white stroak, vitreous lustre, more or less transparent on the edges. Hard- 
ness = 7*5 to 8*0. Specific gravity — 3’4 to 3*5. It does not fuse l>y itself before 
tho blowpipe, but forms a clour olive-green glass with borax. (Sen (Iaunkt, ii. 772.) 


V 

VACCINIO ACID* This name was given by Lorch (Ann. Ch. Phurm. xlix. 
227) to a volatile acid, obtainod on ono occasion by the saponification of butter from, 
row’s milk, but which appears to have been merely a mixture of butyric and cupric 
Etcids. 

VAOC1H 1UM. A small genus of plants including the billicrry and whortle- 
berry. Tho green parts of tho common bilberry ( Vaccinium Mi/riil/us) contain 
[piinic acid (Zwengor, Ann. Ch. Pharm. cxv. 108). The fruit contains, according to 
Frcsenius (ibid. ci. 225) : 

Fruit-sugar 

Free acid (regarded as malic acid) 

Albuminous substances . 

Pectin, gum, colouring-matter 
Ash . • 

Kernel and husk .... 

Pectose ..... 

Ash ••*... 

Water 

Tho colouring-matter of the berries forms with lead-oxide, a fine blue compound 
which is coloured green by alkalis. The berries yield, by fermentation, a kind of 
brandy (“ Heidelbeerbrantwein n or 14 Heidelbeorgeisfc ”) which is prepared in large 
quantities in many parts of the Black Forest. 

Whortleberries, the fruit of Vaccinium Vitis ultra, and cranberries, the fruit of 
Vaccinium Oaycoccus (L.), Oxycoccus palustris (Kich.), contain, according to Schcele, 
citric acid and a small quantity of malic acid. 

VACUUM. The most usual method of producing a vacuum, or rather a highly 
rarefied atmosphere, is by the common air-pump. The exhaustion may be made much 
more complete by filling the exhausted receiver with carbonic acid gas, absorbing this 
gas by lime, and repeating tho procoss several times. A vacuum may also be prodiH-ed 
by driving the air out of a vessel with steam, and then condensing the steam by cording. 

In the barometric or Torricellian vacuum, there ia nothing present but a renr minute 
quantity of mercury-vapour. An excellent method of producing a vacuum has been 
contrived by Hr. Sprengol (Chem. Soc. J* xviii. 9). It consists in connecting the 


. 5*8 
. 1*3 

. 0*8 
. 0*5 
. 0 8 
. 12*8 ) 

. 0*2 l- Insoluble in water. 

. 0*55 J 


|*Solublo in water. 
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vessel to be exhausted with the upper part of a long vertical tube, down which a 
column of mercury is made to flow. 


Syn. with Valeronb. 


VAUVCXAVXT1. A name given by Breithaupt to orthoclase from the 
silver-mine of Valenciana in Mexico ; related to adularin, and containing, according 
to Plattner, 66 82 per cent, silica, 17*58 alumina, 0*09 ferric oxide, and 14*80 potash. 

VALBVTIKXTB. The trimetric variety of native antimonious oxide (i. 323). 

VAMBACBTOirXTBXX.B. C M H«N 4 O a . (Schlieper, Ann. Ch. Pharm. lii. 
16 .)— A body containing the elements of 4 at. valeronitrile, C*H*N, and 3 at. acetic acid, 
C*H 4 0*, or of 1 at. valeronitrile and 3 at. valeracetamide, C*H I# (C*H , 0)N0. It is 
found in the neutral oil produced by distilling glue with potassium-chromate and sul- 
phuric acid, and is obtained therefrom, in the same manner as valeronitrile (ii. 272), 
by repeated fractional rectification of the portion boiling between 68° and 90°. 

Valeracetonitrile is a mobile colourless liquid, moderately soluble in water, and 
miscible in all proportions with alcohol and ether. It has an aromatic odour, makes a 
transient grease-spot on paper, has a specific gravity of 0*79, and boils between 68° 
and 71°. It is very inflammable, and burns with a faintly luminous flame. By heating 
with sulphuric aria, or with aqueous fixorl alkalis, it is decomposed, with formation of 
ammonia, acetic acid, and valerianic acid : 


C«h 48 N 4 0« + 8H’0 = 4C*H 1D 0 3 + 3C 3 H 4 0* + 4NH«. 


Chlorine and bromine decompose valeracetonitrile, with evolution of hydrochloric or 
hydrobromic acid. 

VAX.SRA1.. C*H 10 O - OWO, 01 TIG- Vaieraldekydc. Valcrjinic A!- 

dehyde . Amylic Aldehyde. Valcryl-hydride. — This body was discovered by D um a a 
and Stas (Ann. Ch. Phys. [21 lxxiii. 145), who obtained it by oxidising amylic alco- 
hol with nitric or chromic acid. It is also produced in the distillation of fusel-oil with 
sulphuric acid (Gaultier, Ann. Ch. Pharm. xliv. 127); by the dry distillation of a 
mixture of formate and valerate of calcium (Lirapricht, ihid. xcvii. 370); by the 
action of manganese-peroxide and sulphuric acid upon gluten (Keller, ibid, xxxii. 31); 
of chromic acid on castor-oil (Ar zb acker, ibid, lxxiii. 202), and of sulphuric anhy- 
clrido on leucine (Sckwanor t, ibid. cii. 226), in the dry distillation of valerates, 
most easily, according to Ebersbach (ibid. cvi. 262), from valerate of calcium aftei 
addition of lime ; and, lastly, by the dry distillation of lupulin-rosin which has been 
exhausted with water, after addition of lime. (Person ne, J. Pharm. [3] xxvi. 241, 
329 ; xxvii. 22.) 

Valoral, obtained by tho dry distillation of valerates, was formerly regarded a; 
isomeric, but not identical, with valeraldehyde produced by oxidation of amylic alco- 
hol ; the two products, however, invariably exhibit the same reactions, and appear U 
differ only in boiling-point, that of the product obtained by distillation of valeratei 
being somewhat the higher of the two, and not constant, a peculiarity doubtlesf 
arising from admixture of other substances. 

Preparation. — Valeral is usually prepared by oxidising amylic alcohol with chroma t< 
of potassium and sulphuric acid. The beet way of proceeding, according to Parkin 
son (Ann. Ch. Pharm. xc. 114), is to allow a mixture of 11 pts. amylic alcohol 
164 pts. sulphuric acid, and 16 J pts. water, to flow Blowly into a lukewarm solution o 
12} pts. potassium-chromate, whereby sufficient heat is produced to cause the greatei 
part of tne valeral to distil over ; towards the end, however, the distillation muBt h 
assisted by external heating. The oily layer of the distillate is separated, and shako 
up, first with potash-ley, to remove valerianic acid formed at the same time, and thei 
with acid sodium-sulphite, with which it forms a crystalline compound; the result inf 
crystals are pressed and washed with alcohol, and the valeral is separated therefron 
by distillation with carbonate of sodium. 

Properties. — Colourless, very mobile, strongly refracting liquid, neutral to vegetabh 
colours, having a burning bitter taste, a pungent fruity odour, and exciting coughinj 
when inhaled, like most compounds of the amyl-group. Specific gravity — 0*805' 
at 17°, 0*8224 at 0° (Kopp). Boiling point 96° to 97° under the ordinary pres 
sure, 92*8° under a pressure of 740 mm. (Kopp). After keeping for some time 
the boiling-point rises, and a considerable portion of the valeral passes into a modifi 
cation, probably polymeric, having a higher boiling-point. Valeral is very in flam 
stable, and burns with a bright flame, exhibiting a faint blue colour on the edges. 

Valeral is insoluble in t voter, but mixeijijt all proportions with alcohol, ether, am 
volatile oils* It dissolves iodine, pko*phorw t and various resins, but not sulphur, am 
mixes with strong sulphuric acid. 
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Decompositions. — 1 . Valeral heated above its boiling point is transformed into an 
isomeric compound, boiling between ISO 0 and 200°. — The same compound is found in 
the mother-liquor of the preparation of valeral-sodium-sulphite (p. 974), and is also 
formed by hoating that salt with dry sodium-carbonate (Parkinson). According to 
Limpricht, on the other hand (Ann. Ch. Pharm. cxiv. 244), valeral is not converted 
into an isomer by heat, neither is any such body found in crude valeral. 

2. Valeral exposed to the air is gradually converted into valerianic acid ; the oxida- 
tion is accelerated by contact with platinum-black. The same change is produced by 
l ho action of a mixture of potasHum-chromate and sulphuric acid , and by other oxidising 
agents. - Nitric acid of ordinary strength converts it into nitrovaloriunic acid. — 3, By 
the prolonged action of chlorine, valeral is converted into dichlorovaloral, which 
unites with acid ammonium-sulphite, forming the crystalline compound C*H*Cl a O. 
NaJISO* (Kiin dig, Ann. Ch. cxiv. 1). — 4. By distillation with phosphoric pcntachlo- 
rids, valeral is converted into the chloride C a H'°Cl 8 , which, when treated with alco- 
holic potash, gives up hydrochloric acid, and yields the compound C 4 H B C1. (Ebcrs- 
bacb.) 

6. THe ammonia-compound of valeral is converted by sulphydric acid into valoral- 
dine, a base homologous with thialdine (p. 772). 

6. When valeral-ammonia is evaporated with hydrocyanic acid , the valeral is con- 
verted into leucine, just as aldehyde is converted into alanine (i. 63): 

OH ,# 0 + CNII -i- 11*0 - CTP’NO*. 

Valeral. Leucine. 

7. With cyanic acid , valeral forms an acid, (Baeyer), homologous with 

trigenic acid (p. 883) : 

C*H“0 f 3CNHO - CO* + C’H^O*. 

8. Valeral fused with potassium-hydrate, gives off hydrogen and yields valerate of 
potassium : 

on^o + Kiio - c 4 ipico* + m 


9. When valeral is heated with lime, amylic alcohol and valerate of calcium are 
produced ; and on distilling the mixture, decomposition-products of the latter are 
obtained, including the two compounds, 011**0 and CMI I4 0, apparently consisting 
of mixed acetones -the former isomeric with cnproic aldehyde, the latter with onion t, hoi. 
(Fittig, Ann. Ch. Pharm. cxvii. 68.) 

10. When valeral is treated with sodium , ultimately with aid of heat, hydrogen is 
evolved, andn yellow sodium -compound is formed, which is decomposed by heating to 
120° with etliylic iodide, yielding an oil, OIl^O, isomeric with valeronc(E her sbiieh). 
Borodi n, on the other hand (Zeitschr. Ch. Pharm. 1864, p. 363; Jahreab. 1804, 
p. 337), obtained a mixture which was decomposed by water into caustic soda, valerate 
of sodium, amylic alcohol, and two new bodb*, C ,0 Ii"O and C l *H ,, 0. The first of 
these is a monatomic alcohol, isomeric or identical with decatylic alcohol. It is a 
colourless aromatic oil, boiling at 203*3° and having a spocific gravity of 0*8669 at 0°. 
It forms ethers with acetic and benzoic acids, reacts like other monatomic alcohols 
with pentachloride of phosphorus, forms a sulpho-acid when treated with oil of 
vitriol, and with sodium a compound analogous to sodium-ethylate. Its formation 
from valeral is represented by tho equation : 

3C J H'*0 + Na* - C 14, H*»NaO* + OIPNaO. 

Valeral. DteutvluU) Valerate 

of indium. of sodium. 

C ,# H«NaO + H*0 - NallO + C ,0 H**O. 

Deratylate IVchIjtHc 

of sodium. alcohol. > 


The second body, C (t H lfl O, isomeric with camphol, is a light-yellow, tasteless, neu- 
tral oil, insoluble m water, easily soluble in alcohol and ether, having a specific gravity 
of 0*9027 at 17°. Its boiling-point rises from 260° to 280° and 290°, without percep- 
tible change of composition. 

11. Valeral, treated for fifteen days with sodium-amalgam and water, is partly con- 
verted into amylic alcohol. (W urtz, Ann. Ch. Pharm. cxxxiv. 201.) 

12. Alsberg (Jahresb. 1884, p. 486), by heating a mixture of 1 vol. valeral, 3 vols. 

amylic alcohol, and 1 vol. acetic acid, obtained a compound, 0 fc H ,- (C*H ,, )*0* l which he 
calls diamylvaleral, but which has in reality the composition of the diamylic ether 
of amylene-glycol (p. 974). The same compound is produced, together with valerianic 
acid and a little amylic alcohol, by treating valeral with ethylate of sodium and abso- 
lute alcohol: . 


60H ,# 0 + 2C*H*NaO + H*0 

Valeral. Sodium- 


m « 0 »H*NaO* + C*H , *(C*H ,, ) t O # 4 - 2&HH). 
Sodium- D lam flic SthyHe 

valerate* Mmrleaxtm MteotuA, 
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Compounds and Derivatives of Valerax*' 


Valeral-ammonia , C 5 H ,0 O.NH S « C*H*(NH 4 )0. — Valeral absorbs ammonia-gas, 
forming a thick syrup, which, after several weeks, deposits crystals of valeral-ammonia 
(Parki n son). According to Eb er s b ach, the compound is more easily prepared by 
adding aqueous ammonia to valeral mixed with a thousand times its bulk of water: 
the liquid immediately becomes milky, and after a few hours deposits crystals, the 
formation of which goes on for several months. Valeral-ammonia melts when heated, 
is* insoluble in water, but dissolves easily in alcohol and ether. It is decomposed by 
sulphydric acid with format ion of valeraldine, and by hydrocyanic acid with formation 
of leucino (p. 973). 

Cmnpounds of Valeral with Alkaline Bisulphites . — The ammonium-salt , 
C S H 0 (NI1 4 )SO , I is deposited in shining lamina* on distilling a mixture of acid ammo- 
nium-sulphite and valeral, and leaving the distillate to ovaporate. It is decomposed 
by water, acids, and alkalis, with separation of valeral. — The sodium-salty 2C s H l> NuSO\ 
2lI a O, is nearly insoluble in absolute alcohol and in ether, sparingly soluble in cold 
water; it dissolves without decomposition in water at 70° to 80°, but when more 
strongly heated with water, it iB decomposed with separation of valeral and sulphurous 
acid. Alkalis and acids decompose it immediately. The air-dried crystals effloresce 
in a vacuum over oil of vitriol. 

Compounds of Valeral with Acetic and Benzoic Anhydrides . — Tho compound C 4 H 10 0. 
C‘H«0 8 is formed by heating 1 at. valeral with 1 at. acetic anhydride, or 2 at. acetic 
acid, to 200° in a sealed tube for four to eight hours, and passes over at 195° on sub- 
mitting the oily produet to fractional distillation. It is a colourless, ethereal, mobile, 
neutral liquid, of specific gravity 0-963, boiling at about 19ft 0 , insoluble in water, 
easily miscible with alcohol and ether. It is not altered by water, but in contact with 
potash is easily resolved into acetic acid and valeral (KoTbe and Gut Uric, Ann. Ch. 
Pharm. cix. 296). — The benzoic compound, C 4 H le O.C 7 H ,0 O 9 , is obtained in like manner 
by heating valeral with benzoic anhydride to 260°, and passes over on rectification «t 
264°. It is a white crystallino body, tasteless and inodorous, insoluble in water, 
melting at 111 0 , and boiling at, 264°. Alkalis decompose it into valeral and benzoic 
acid. ( K o 1 b e and Guthrio.) 

J)ichloro valeral, C s H"CPO, is producod by the action of chlorine on valeral (p. 973) 

Methylvaleral, C 5 IP(CIP)0, is obtained by distilling a mixture of equivalent quan- 
tities of alkaline valerate and acetnto, agitating tho oily distillato with potash, and rec- 
tifying till tho boiling-point becomes constant. It is an oily liquid boiling at 12<>\ 
(Williamson, Ann. Ch. Pharm. lxxxi. 86.) 

Diamyl valeral (so-called), C ,4 I1 S2 0 2 . — This compound, isomeric or identical with 

diamylic amylenato, ^spi* 4 ) 2 ! ° 2 > tho neutral ainylic ether of amylenic glycol, is pro- 
duced, as already observed (p. 973), by heating valeral with amylie alcohol and acetic 
acid, or witli sodium- ethylate and absolute alcohol. It has a disagreeable odour like 
that of the amyl-com pounds, and of celery, is insoluble in water, of specific gravity 
0*849 at 7°, and boils at 255 °. — JHf thy l valeral (so-called), C'lP^C 2 !! 5 )*!) 2 , pre- 
pared by heating 1 vol. valeral with 4 vols. alcohol and 1 vol. acetic acid, is slightly 
soluble in water, has a pleasant fruity odour, a specific gravity of 0*835 at 12°, and 
boils at 158*2 °. — Dimcthylvalcral (so-called), C^IP^CIPyO*, prepared with 1 vol. 
valeral, 2*6 vols. methylic alcohol, and 0*5 vol. acetic acid, has an agreeable odour, a 
specific gravity of 0*852 at 10°, and boils at 124°. (Alsberg.) 

VAIBEAL-AMWONIA. See preceding article. 


WAXXKALSXDE. 


|Syn. 


with Valkeal. 


VALSBALDINE. OWNS*. (B eisse nhirtz, Ann. Ch. Pharm. xc. 109.— 
Parkinson, ibid. xc. 119.) — An organic base, homologous with thialdine, produced by 
the act ion of sulphydric acid on valeral-ammonia suspended in water. It is a viscid 
oil, which does not solidify at —20°, has a strong unpleasant odour, is insoluble in 
water, soluble in alcohol and ether, and volatilises without decomposition. It has 
an alkaline reaction, and unites with hydrochloric acid, forming the salt C ,4 H"NS 2 . 
H Cl, which crystallises in needles, and when dissolved in water, yields with silver- 
nitrate, first chloride and then sulphide of silver. 

VAUSAmo ACID. Syn. with Amidovalebic Acid (p. 978). 
VAJUUKAMXAlSft C 4 H*O.II*N. — The primary amide of valeric acid, first 

prepared by Dumas, Malaguti, and Leblanc (UomjJt. rend. xxv. 475* 658), and 
further examined by Dessaignes and Chautard (Ann. Ch. Pharm. Ixviii. 838). it 
is produced by the action of 7 or 8 vols. strong aqueous ammonia on 1 vol. ethjlic 
valerate, and sublimes on evaporating the liquid in shining lamina. It melts at 100°, 
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find sublime® at a somewhat higher temperature. It is insoluble in water, gives off 
ammonia when boiled with alkalis, but is not decomposed thereby at ordinary tempo* 
ratnros; when heated with phosphoric anhydride, or passed in the state of vapour over 
red-hot lime, it is resolved into water and valerouitnle, or cyanide of totryl, OH'tf 
(ii. 272). When ignited with potassium, it gives off hydrogon And carburolied hydro- 
gen, and forms cyanide of potassium. 

VALlRAMIWa. The nivrno originally giveu by Wurta to amylamine. 

VAZ.filtAirZZ.X3> XL C'’H ,4 NO « 

dueed by .the uctiou of valeric anhydride on aniline. Crystallises in lustrous needles 
or prisms, sparingly soluble iu water, easily in alcohol and ether. Melts at 115°, aud 
distils, for the most part unaltered, at a temperature above 220°, It is but slowly 
attacked by caustic potash, and it is only by fusion with hydrate of potassium that any 
appreciable quantity of aniline can be obtained from it. (Chiozza, Ann. Ch. Pliys. 
[3j, xxxix. 20t.) 

VA1SXATX8. Bee Valeric Acid (p. 976). 

VAfifififififi. Syn. with Amtlrnb and with Born bens. 

VAlhxZAN. The root of Vakriana officinalis contains starch, extractive matter, 
resin (about 6 per cent.), an essontial oil, valeric acid, and the ordinary plant-consti- 
tuents. 

The essential oil of valori an is obtained by distillation with water, 1,000 pts. 
of the root yielding from 4 to 12 pts. of oil. It is a palo-yollow or greenish liquid, 
having a strong odour of valerian, an aromatic taste, and strong acid reaction. Specific 
gravity «* 0’00 to 0*93°. Becomes viscid at — 15°, but does not solidify completely even 
at — 40°. Begins to boil at about 200°, the boiling-point gradually rising to above 400°, 

Crude valerian-oil is a raixturo of several mibstuueos. According to Pie riot (Ann. 
Ch. Phys. [3], lvi. 291), 100 pts. of it contain : 

25 pts. camphene, C IB H U (bornoone, valerene). 

6 pts. valeric acid, 

18 pts. stearopteno ) 

47 pts. resin lor 70 pts. Yalorol. 

5 pts. water j 

On submitting the ernde oil to fractional distillation, a yellowish oil passes over 
between 120° and 200°, containing nearly all the valeric acid and the borneciio 
(i.626); afterwards, according to G orb unit (Ann. (Mi. Phys. |3], vii. 275), Hn oxy- 
genated oil, valerol; aceonling to Pierlot, this oil may bo resolved, by further 
fractional precipitation, and distillation over potassium-hydrate, into a camphor or 
stearopteno, a reain^ valeric acid, and water, 

TAUIUSIC or TAUUO AOIB. C»H“O a - C>I jj° jo. — 

Acid. Phorcnic Acid. Butylcarbonic Acid. Italdriansnurc. (Chnvreul [1817], 
HcchcrcJics »ur les corp* grot, pp. 99, 209. — G rote, Bran dim’ Arch. xxxiii. 160. - 
Trommsdorff andEttling, Ann. Ch. Plwirni. vi. 176. — Dumas and Bias, ibid. 
xxxv. 145. — Balard, ibid. lii. 311— Meyer and Zenner, t ftid. lv. 317. — Morn, 
ibid. lv. 330. — Itcdtenbacher, ibid. lix. 41.— H Iasi wetz, il/iti. Jxxi. 40. — 
Winckler, Repert. Pliarm. xxvii. 169. — Kriimrr, BmncW Arch.xl. 269; xliii. 21. 
— -P. Morin. J. Fharm. [3], vii. 299.) — This acid, related to amylic alcohol in th® 
same manner as acetic acid toethylic alcohol, was first obtained by Chevroul, in 181 7» 
from the fat of Delphinum Phocana, and thence called delphinic or phocen i c acid. 
Grote, in 1830, obtained from essential oil of valerian an acid which he designated ns 
va 1 e r i a n i c a ci d. This was shown by Trommsd'jrff and Ettling to bo identical w,ith 
Chevreurs phoconic acid, and the same acid was afterwards produced by oxidation of 
amylic alcohol, by Dumas and Stas, who established its composition and it® relation to 
amylic alcohol. 

Valeric acid appears to be somewhat widely diffused in the vegetable kingdom, 
being found in valerian-root, angelica-root, the root of Athamanta oreoselinum , the fruit 
and bark of the guelder rose {Viburnum Opv/us), the bark of the elder-tree, and in 
many plants of the composite order. It is also found in many animal oils and other 
animal secretions. It is a frequent product of the oxidation of fats and of the putre- 
faction of albuminous substances, dec. Amylic alcohol yields, by oxidation, valerianic 
acid, together with valeral and amylic valerate. 

Prcparatum . — By oxidation of amylic alcohol. — A mixture of 1 pt, amylicalcohol and 
2 pts. strong sulphuric acid is allowed to flow slowly into a solution of 6 pts. acid potas- 
sium-chromate in water; and when the first action, which takes plsce spontaneously, is 
over, the mixture is heated for some time in a flask provided with a vertical condens- 
ing- tube, in order to convert the valeral produced in tne first instance into valeric acid. 
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The liquid is then distilled ; the distillate saturated with carbonate of sodium ; the 
araylic valerate contained in it is distilled off; and the dry residue of sodium-valerate 
is dissolved in an equal weight of water and distilled with sulphuric acid (£ to $ pt. 
oil of vitriol to 1 pt. sodium-salt). The distillate consists of an aqueous solution of 
valeric acid, surmounted by an oily layer consisting of a definite hydrate, C*H ,a O f .H*0, 
from which the pure acid or hydric valerate, C'H 10 O 2 , may be obtained by 
rectification, a milky aqueous distillate passing over at first, and afterwards, at 176°, 
the pure acid, in the form of a clear oily liquid. 

Properties. — Pure valeric acid, or hydric valerate, is a colourless mobile oil, having 
a sour burning taste, and a strong peculiar odour, like that of valerian-oil, some- 
what also like that of butyric acid and decayed cheese. Specific gravity — 0*937 at 
16° (Dumas and Stas) ; 0*0378 at 19*6°, and 0*9555 at 0° (Kopp) ; 0*9558 at 15° 
(Mendelejef). Index of refraction, 1*3952 (Delffs). It is active or inactive to 
polarised light, According as it has been prepared from active or inactive amylic alcohol r 
the active modification produces a rotation of 17° to the left in a tube 60 centimetres 
long (Pedler, Chem. Soc. J. acxi. 74). It remains liquid and transparent at - 15°, 
makes transient grease-spots on paper, boils at 175° (Dumas and Stas; Persin): 
at 175*8° under a pressure of 746 mm. (Kopp). The specific gravity of its vapour, 
when determined at a sufficiently high temperature, is 3' 66 ; calc, for 2 vols. = 3*53. 

Hydric valerate, (C 4 H 10 O 2 ), dissolves in 30 pts. water at 12°, mixes in all proportions 
with alcohol and ether, and dissolves abundantly in strong acetic acid. It dissolves 
water, and forms an oily hydrate, C’H'W.H'-’O (commonly called the trihydrate, from 
having been regarded as C IO Il ,8 0*.3H 2 0), which separates on decomposing a valerate 
with sulphuric acid not too much diluted ; or on adding chloride of calcium, or other 
dehydrating salt, or phosphoric anhydride, to an aqueous solution of the acid. This 
hydrate is oily, like the pure hydric valerate, but has a higher specific gravity (0*950, 
according to Trautwein), and a lower boiling-point; when it is heated, aqueous 
valeric acid first passes over, and afterwards pure hydric valerate. 

Valeric add mixes with oil of turpentine, and dissolves phosphorus, camphor, and 
some resins. 

Decompositions . — 1. Valeric acid vapour passed through a red-hot tube, is resolved 
into carbonic oxide, carbonic anhydride, and a mixture of hydrocarbons of the olefine 
group (ethylene, tritylene, and tetrylone), sometimes also mixed with marsh-gas 
(Hofmann, Chem. Soc. Qu. J. iii. 121 ). — 2. When an electric current is passed through 
a solution of potassic valerate, the valeric acid is resolved, with absorption of oxygen 
into tetiyl ana carbonic anhydride : 

2C*H‘®0 2 + O =. C*H 18 + 2C0 3 + H 2 0. 

Valeric Tetryl. 

add. 

The tetryl is, however, converted by further oxidation into tetrylone and water ! 

C 8 H ,S + O - 2C«H* + H*0; 

or it is oxidised to tetiylic oxide, (C 4 H*)*0, which then reacts with the valeric acid 
to form tettprlic valerate (Kolbe, Ann. Ch. Pharm. lxix. 257).— 3. By potassic per- 
manganate in alkaline solution, valeric acid is oxidised to carbonic acid, oxalic acid, 
butyric acid, and its lower homologuea, together with a volatile solid acid, perhaps 
angelic acid (Neubauer, Ann. Ch. Pharm. cvi. 69). — 4. Valeric acid dissolves, with 
evolution of heat, in strong sulphuric acid, apparently forming a conjugated acid. — 
6. Strong nitric acid slowly converts it into mtrovaleric acid. — 6. With chlorine and 
bromine it also forms substitution-products. It dissolves iodine , but without forming 
an iodated acid. — 7* With pentachloride or oxychloride of phosphorus , it forms valeric 
chloride or valeric anhydride. —8. When heated with pentasulphide of phosphorus, it 
forms thio valeric acid, a liquid having an extremely offensive odour, and probably 
consisting of C*H l# OS. (Ulrich, Ann. Ch. Pharm. cx. 281.) 

VaJerates. — Valeric add is monobasic, forming neutral salts, C A H f MO*, and a few 
acid and basic salts. The valerates are produced by direct saturatioa They are 
unctuous to the touch, inodorous when dry, but smell of valeric acid when moist, espe- 
cially if they are also warmed ; they have a sweetish taste, with somewhat pungent 
after-taste. Most of them dissolve in water, a few also in alcohol ; many of them 
rotate on the water in the act of dissolving. By dry distillation, they yield chiefly 
valerene and valerone. A mixture of valerate and formate subject to dry distillation 
yields valeral; a mixture of valerate and acetate yields, in like manner, methvlvaleral 
(p. 975). The soluble valerates are decomposed by the electric current, with forma- 
tion of carbonic acid, tetrylene, and tetrylic valerate. 

Valera tete are decomposed by mineral adds and by many organic acids: tjg. acetic, 
tartaric, citric, malic acid, &c., with separation of valeric acid. Butyric acid does not 
decompose them ; on the other hand, butyrates heated with valeric acid yield fire# 
butyric acid. On this reaction i« founded a method of separating butyric and valeric 
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acids, by partial saturation with potash, whereby only valerate of potassium is at first 
produced. When a mixture of acetic and valeric ucids is partially neutralised with 
potash, and heated, acid acetate of potAssium remains behind. (Liebig, see Analysis, 
i. 250.) Valeric acid is further distinguished from butyric acid, which it resembles in 
many respects, by the behaviour of its cupric salt (infra). 

Valerate of Ammonite fli, C 4 H*{NH‘)0*, easily gives off ammonia when heated. 
It dissolves freely in water and in alcohol. When heated with phosphoric anhydride, 
it yields valeronitrile. This salt is formed in the putrefaction of organic bodies, and is 
a frequent constituent of mouldy choose. — The potassium-salt, C*H # KO*, solidifies 
on evaporation, to an amorphous, white, deliquescent, saline mass, having an alkaline 
reaction, very soluble in water and in strong alcohol, soluble in less than 3 9 pts. of 
absolute alcohol at 20°. It melts at 140°, and decomposes at a stronger heat. When 
distilled with arsenic, it yields a heavy, oily, alliaceous, fuming liquid, probably the 
cacodyl of valeric acid (G-ibbs, Sill. Am. J. [2], xv. 118). — The sodium-salt crystal- 
lises, by spontaneous evaporation in dry air at 32°, in caulifiower-Iike masses, extromely 
deliquescent, very soluble in water, and even in absolute alcohol, melting at 140°. — 
The lithium-salt , 2C 5 H*Li0 3 .Il*0, crystallises from the syrupy solution, In spherical 
warty masses. 

Valerate of Barium , C , *H ,M Ba w 0 < .2H , 0, crystallises by spontaneous evaporation 
in shining, easily friable crystals, which dissolve in 2 pts. water at 15°, in 1 pt.at 20°, 
exhibiting a very brisk rotation, ami are sparingly soluble in alcohol. They give off 
from 2 to 2$ per cent, water on exposure to the air at 25°, the rest (about 7 per cent.) 
when heated; the dry salt decomposes at a dull red heat, giving off an inflammable 
gas, probably tetryleue, yielding a strong-smelling distillate of valeral, with a little 
valerone, and leaving carbonate of barium mixed with a littlo charcoal. — The calcium - 
salt, C lB ]l. lrt Ca"0Ml-0, crystallises by slow evaporation in stellate groups of prisms 
and needles, easily soluble in water and in ordinary alcohol, sparingly soluble in 
absolute alcohol, melting with decomposition at 150°. A mixture of 0 pts. valerate of 
calcium and 1 pt. lime yields, by dry distillation, a mixture of valerone and vuleral. — - 
The st ronti u tu-s a It crystallises in four-sided tables,*— The magnesium-salt is 
obtained, by slow evaporation, in tufts of transparent prisms, moderately soluble in 
water, slightly soluble in alcohol. 

The cupric salt separates from the blue green solution of cupric carbonate in the 
aqueous acid, in greon monoclinic prisms containing C ,B H ,ll Cu Q\H v O, soluble in 
water and in alcohol. When concentrated valeric acid is added to a solution of cupric 
acetate, and the liquid agitated, anhydrous cupric valerate separates after a while in 
oily drops, which in five to twenty minutes chango into a greenish-blue crystalline 
powder of the hydrated salt. According to Lurocque and Huraut (J. Pharm. [3) 
ix. 430), this reaction distinguishes valeric from butyric acid, which, when added to 
cupric acetate, immediately forms a crystalline precipitate. 

Iron-salts. — Neutral ferric valerate has not been obtained in the separate stato. 
Valerate of sodium added to ferric chloride, throws down a mixture of neutral and 
basic salt, which, after drying, forms a dark brick-red, amorphous powder. Iron 
dissolves in aqueous valeric acid with evolution of hydrogen, forming ferrous valerate. 

Lead-salt s.— The neutral salty C l *H , * r Pli , 0\ separates from solution by slow eva- 
poration, in shining, easily fusibio lamina*. -- A Imsic salty C w H , *Pb"O l .2PbO, is obtained, 
by treating valeric acid with excess of litharge, exhausting with cold water, and . eva- 
porating the filtrate in a vacuum over oil of vitriol, in hemispherical groups of shining 
needles, infusible and sparingly soluble in water. 

Mercury -salts.-— The neutral mercuric salt separates, on mixing mercuric chloride 
with valerate of sodium, in slender white needles, which are also deposited on bo^ng 
the basic salt with, water, and leaving the filtrate to cool. The basic salt, which has a 
red colour, is obtained by moderately heating the neutral salt, or by dissolving mercu- 
ric oxide in warm concentrated valeric acid. It is insoluble in cold water, and is 
decomposed by boiling water into the neutral salt and a red residue. — The mercurous 
salt separates in small needles from a solution of mercurous oxide in hot concentrated 
valeric acid. 

The silver -salt, C*H*AgO* separates on evaporation, in white shining laminae. On 
adding an alkaline valerate to nitrate of silver, a curdy precipitate is formed which 
gradually becomes crystalline. The salt blackens on exposure to light, and is decom- 
posed by heat. 

Zinc- salt, C^H^Zn'O*. — Metallic nine dissolves slowly in aqueous valeric acid. 
The aqueous acid saturated by boiling with zinc-carbonate and filtered hut, deposits 
the anhydrous zinosalt in nacreous scales resembling boric acid. The flame salt is 
obtained by precipitation. According to Duclou, it dissolves in 50 pts. cold and 40 pts. 
boiling water, in 17*5 pts. cold and 16*7 pts. boiling alcohol ; according to Wittsttaa* 
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it dissolves in 00 pts. cold water.in 60 pts. cold alcohol of 80 per cent., in 600 pts, 
cold and 2 00 pts. boiling ether. The aqueous solution gives off valeric acid on boiling 
The salt melts at 140 u , and decomposes at a higher temperature.— *A hydrated sa/t, 
C ,c H ,g Zn"0 4 . 1 2H*0, is obtained by mixing equivalent quantities of hydric valerate and 
recently precipitated zinc-carbonate with a small quantity of water, and d lying at a 
gentle heat. It does not differ in appearance from the anhydrous salt, gives off ail its 
crystallisation- water at 100°, and dissolves in 44 pts. of cold water, the solution, when 
evaporated, yielding crystals of the anhydrous salt (Witts tein). Valerate of zinc is 
used as a remedy in nervous disorders. The commercial salt is said to be sometimes 
contaminated with butyrate, the presence of which may be detected by separating the 
acid, and testing with acetate of copper in the manner already described (p. 977). 

Substitution-derivatives of Valeric Acid, 

Amldovalerlc Aold, C 4 H ,r N0 9 «=» C s H B (NH 2 )0 2 . Valcramic Acid, Valeramidio 

H * In 

Acid. — This acid, which might also be regarded as oxyvaleramic acid , (C 5 H s O) #r > n , was 

H J 

found by Gorup-Besan ez (Ann. Ch. Tharra. xcviii. 15), together with leucine 
(amidocapric acid) in the pancreas of an ox. It is produced artificially by the 
action of ammonia on an alcoholic solution of bromovalenc acid : 

OIMBrO* + 2NIP - C 4 H ,l N0 2 + NIDBr. 

(Cahours, Ann. Ch Pharm. Snppl. ii. 83. — Fittig and Clark, Zeitschr. f. Chem. 
1865, p. 503b It might probably also be formed, similarly to the homologous amic 
acids, by reducing nltrovalmc acid with sulphydric acid, and by the action of hydro- 
cyanic and hydrochloric acids on butyral. 

Amidovaloric acid was prepared from the pancreas of the ox by extraction with cold 
water. The solution was boiled, the filtrate mixed with excess of baryta-water to 
Kfpirate phosphoric acid, and the filtrate evaporated to a syrup over the water-bath; 
whereupon it deposited a mixture of leucino and amidovnleric acid, which were sepa- 
rated by fractional solution in alcohol of specific gravity 0‘82, the amidovuleric acid 
boing much less soluble than tho leucine. It was ultimately purified by recrystallisa- 
tion from strong alcohol. 

Amidovaloric acid closely resembles leucine (amidocapric acid), but is less soluble in 
water and in alcohol, especially in tho latter; it is insoluble in ether. It unites with 
acids, forming crysbdlisablo compounds, which are much more soluble than the corre- 
sponding leucine-suits. It dissolves easily, and without decomposition, in aqueous 
alkalis, forming, for tho most part, cryst alii sable compounds. 

When heated in a glass tube, it melts and sublimes, with partial decomposition, 
giving off alkaline vapours having a strong odour of herring-pickle, probably tetryl- 
amine. Whou heated in the air, it burns quickly with a bluish flame. 

Bromovalerlo Aold, OH 9 Br0 2 . — Produced by the action of bromine on valeric 
acid at 140° — 150° (Cahours, Ann. Ch. Pharm. Supp’. ii. 74), or on valerate of 
silver (Bo rod in e, ibid, cx ix. 121). It is a colourless heavy oil, having a pungent 
odour, and boiling, according to Cahours, between 226° and 230°, without perceptible 
decomposition ; according to Borodine, on frhp other hand, it is decomposed by boiling, 
giving off hydrobromic acid, yielding a drstillato containing valeric acid, and apparently 
vuleral, and leaving a carbonaceous residue. 

Bromovaleric acid separates valeric acid from valerates. Its compounds with the 
alkalis and alkaline earths are easily soluble and not crysta Hi sable. The silver-salt 
is white, insoluble, and very unstable. (Borodine.) 

This acid is easily etherised ; its ethylic ether boils between 190° and 194°. 

Chlorovalerlc Adds. Trichlorovaleric or Chlorova) eristc acid , CMFCFO* 
is formed by passing chlorine-gas into hydric valerate in the dark, the liquid being 
cooled at first, and afterwards warmed to 50° or 60° ; the excess of chlorine is expelled 
by a stream of carbonic anhydride. Trichlorovaleric acid is an oily liquid, very viscid 
at — 18° ; not very mobib* at ordinary temperatures, but perfectly mobile at 30°. It is 
inodorous, has a sharp burning taste, is heavier than water, and decomposes at 110° — 
120°, with evolution of hydrochloric acid. In contact with water it forms a very fluid 
hydrate, which sinks to the bottom of the water. The Acid dissolves in aqueous alka- 
lis, but is precipitated therefrom by acids in its original state. The aqueous solution 
forms, with nitrate of silrer, a precipitate soluble in nitric acid. (Dumas and Stas.) 

73 Hraehforovaieric or Chlorovalcrosic arid, C»H*C1 4 0*, ii formed by the prolonged 
action of an excess of chlorine on valeric acid in sunshine, the action being ultimately 
assisted by heating the liquid to 60°. It is a colourless, inodorous, semifluid oil, having 
a sharp, burning, bitter taste, heavier than water, not solidifying at — 15°, not volatile, 
decomposing when heated above 1 50°. It unites with water, forming an oily hydrate. 
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. 0-H*C1 4 0 2 .H*0, and dissolves in a large quantity of water, easily also in alcohol and 
ether* Tlio solutions, after a while, contain free hydrochloric acid. The acid is easily 
decomposed by fixed alkalis, but not by ammonia. 

Tetrachlorovftleric acid decomposes carbonates. The alkaline tetracldoro valerate* 

are easily soluble in water; the rest insoluble or sparingly soluble The ai/t'cr-eali, 

C 4 H 4 AgCl 4 0*, obtained by precipitation from the ammonium-salt, is white, slightly 
soluble in water, easily in nitric acid; the solution, when exposed to light, deposits 
chloride of silver. The dry salt decomposes slowly in the dork, forming chloride of 
silvpr, and a substance which makes grease-spots on paper— probably trichloroxvvalerie* 
acid, CMFCPO*. (Dumas and S tas.) 

Xfffltrowaierie Aoid, OH^NO^O*. (Dessaignos, Ann. Ch. Plini-m. lxix. 274.) 
—Formed by the action of strong nitric acid at the boiling heat on valeric acid ; 
crystallises from the acid solution in thin needles, from water in rhombic plates. Ifc 
sublimes at 100°, but its boiling-point is much higher. — Kifrtwalcrafe of lead is easily 
soluble, and crystallises in thin prisms. — The ferric saU is insoluble, and resembles 
ferric succinate. — The barium- and calcium-salts are very soluble, the latter crystal- 
lising in noodles. — The silver-salt, C*H H Ag(N0*)0 2 , crystallises from boiling water in 
slender prisms. 

Dessaignos is of opinion that tho acid designated ns nitrovaloric acid may perhaps bo 
nitro-angelic acid, OH^NCPJO*. 

VALfiBZAK-OZL. See Valerian (p. 975). 

▼JkXiBRlO ALBBBTBB. Syn. with Valkral (p. 973). 

VALERIC ANHYDRIDE. C">H' H 0* - (C 4 I1*0) 2 0. Valtric Oxide. Vale- 
ric VaL rate. Anhydrous Valeric Acid. (Chiozzu, Ann. Ch. Plnirm. Jxxxiv. lOfl.) 
— Prepared by decomposing 6 at. dry valerate of potassium with rather more 
than 1 at. oxychloride of phosphorus, ami purified by washing the distillate with carbo- 
nate of sodium, dissolving it in ether, and evaporating. It is u colourless, moderately 
mobile oil, not miscible with water. "When recently prepared it has a faint and not 
unpleasant odour of apples, but when rubbed between tho fingers, it emits the often* 
sive odour of valeric acid. Specific gravity *= 0 934 at 15°. Boiling-point, 215°. 
Vapour-density * G 23. It slowly absorbs wafer, and is converted into valeric acid. 
When heated with tin alkali, it is instantly converted into a valerate. On gently 
warming it with a small (juanlity of potassic hydrate, a violent action takes place, and 
free valeric acid is formed as well as potassic valerate : 

(C A H’0)*0 + KHO - OTPO.K.O + CWO.H.O. 

With alcohol it quickly fi rms cthylic valerate ; lienee the ether UHed in purifying it 
must bo free from alcohol.- — By ammonia it is quickly converted into valcramide ; by 
aniline into valeranilide. 

Benzovalcric anhydride, C 7 H a 0.C ft H B 0.0, is produced by the action of benzoic 
chloride on potnssic valerate (i. 558), and other double anhydrides containing valoryl 
may be formed in a similar manner. 

VALBRXC BBOMZDS, C 5 H 0 OBr, is produced by the action of phosphoric pen- 
t a bromide on valeric acid. It is a liquid boiling at 143°. (B6champ.) 

VALBBZC CBLOBZD8, C 4 H"OCl, is produced by the action of phosphoric 
oxychloride on valerate of sodium (Molde nhaunr), or of phosphorous chloride 
on valeric acid (BAchamp). It is a colourless, mobile, fuming liquid, having a speci- 
fic gravity of 1 005 at 6°, and boiling between 1 15° and 120°; easily decomposed by 
water into hydrochloric and valeric acid. (Blchamp, Compt. rend. xlii. 224. — 
Moldenhauer, Ann. Ch. Pharm. civ. 111.) , 

VALERIC BTBBX8. Tho valerates of methyl, ethyl, and amyl are prepared 
by distilling valerate of sodium with sulphuric acid and the corresponding alcohols. 

Me thy lie Valerate , C ft ll f (CH*)O a , is a colourless liquid, having sit odour like that 
of wood-spirit and valerian together. Specific gravity «= 0*8869 at 15° ; 0*9015 at 0°. 
Boils at 116°. Specific heat (between 46° and 21°) «* 0*491. (Kopp.) 

Er hylic Valerate, C*H # (C v H 4 )0, is a colourless liquid, having a fruity odour, also 
like that of valerian. Specific gravity — 0*866 at 18° (Kopp), 0*894 at0° (Otto). 
Index of refraction — 1*3904 (Delffs). Boils at 133° (Otto ; Kopp ; Bert helot) ; 
at 131° (Delffs). Dissolves sparingly in water, easily in alcohol. Ammonia converts 
it into valeramide. 

Kthvlic valerate dissolves sodium, with little or no evolution of hydrogen. Wan k- 
ly n (Chetn. Soc# J, xvii. 871), by heating 2 grms.sodinm with 6 gnne. ethylic valerate 
and 7*5 grma. pure ether, obtained an oily body, having approximately the composition 
of valeiyl : 

2(OH 0 O.C*H*.O) ♦ Na* - 2C*H‘NaO + (0*H*0)» 

Etbvlic valerate. Sodium- ethylate. Valery l. 

3 R 2 
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VALERIC IODIDE— VALEROGLYCERAL. 

Geut her and Greiner (Jahresb. 1805, p. 319) obtained no valeryl, butthe solium- 
salt of a crystallisable acid, and an oily body, which, when distilled, yielded, as princn 
pal product, a liquid boiling, like tho so-called diamylvalcral (p. 974), between 240° 
and 260°. 

Amylic Valerate , C A H 9 (C 5 H ,, )O f is prepared as above, and is likewise formed in 
the preparation of valeric acid by oxidising amylic alcohol with sulphuric acid and 
potassic chromate, being contained in the oily liquid separated from the valerate of 
sodium (p. 975). It is an oily liquid, having an agreeable fruity odour. Specific 
'gravity « 0-8645 at 17°. Boiling-point 187° to 188° (Kopp); 19G° (Balard). 
Vapour-density = 6-1. A solution of this ether in 6 to 8 pts. alcohol has a strong 
odour of apples, and is used for aromatising sugar, &e. 

Cetylic Valerate , C 4 H 9 (C 18 H :,3 )0, has a specific gravity of 0*862at 20°, melts at 
25°, solidifies again at 20\ and boils at 280° — 290°. (E.Dollfus, Ann. Ch. Pharm. 
cxxxi. 283.) 

VAMRXC ZOX>XX>S 9 C & H 9 OI, is prepared by distilling an anhydrous valerate 
with iodide of phosphorus, and rectifying the distillate over mercury. It is a heavy 
nearly colourless liquid, boiling at 108°, quickly decomposed by water and by alcohol. 
(Ca hours, Compt. rend. xliv. 1252.) 

VALERIC OXIDES. The •protoxide , (C 4 I1 9 0) 2 0, has been already described as 
valeric anhydride (p. 979). 

Valeric Peroxide , C ,W II I8 0* = (C 5 H 9 0)*0 2 , is produced by the action of hydrated 
barium-peroxide on valeric anhydride. It is a heavy oily liquid, slightly soluble in 
water, exploding slightly when heated, and acting as an oxidising agent when suspended 
iu water. (Brodie, Proc. Roy. Soc. xii. G55.) 

VALERIVS. Glycerides produced by heating valeric acid with glycerin. The 
delphinin or phocenin which Chevreul obtained by treating dolphin-oil with alcohol, 
was probably a mixture of trivalerin with monovalerin and di valor in. 

Monovalerin , C"H ,fi O* = (C 3 H*)"'(H0) 2 .(C a H B 0-) = C 5 H ,0 O 2 + 0*11*0* — H 2 0. 

* — Produced by heating valeric acid with excess of glycerin to 200° for three hours, 
and purified with potash-ley, & c. in the usual way. It is also formed by the action 
of hydrochloric acid gas on a mixture of glycerin and valeric acid. Oily neutral liquid 
having a faint odour, and a specific gravity of 1*100 at 16°. Mixes with half its bulk 
of water to a clear liquid; separates, on addition of more water, and mixes with 100 
vols. water to a liquid having the character of an emulsion. By contact with the air 
for some weeks it becomes acid, and then contains free valeric acid, but the alteration 
is not attended with any perceptible absorption of oxygen. Alcohol and hydrochloric 
acid decompose it, even m tho cold, forming ethylic valerate and glycerin. Aqueous 
ammonia slowly converts it into valeramido. 

Divalerin, C I5, 1I 24 0* (C*IP) '.H0.(C 3 H 8 0 2 ) 2 — C*II*0* + 2C 5 IP°O t — 2IPO. 
— Produced by heating glycerin with valeric acid to 275°. Oily liquid, having a dis- 
agreeable fishy odour and a bitter aromatic taste. Specific gravity = 1*059 at 16°. 
Solidifies at —40°, but remains soft and transparent; does not mix readily with 
water. Its reactions are similar to those of monovalerin. 

Trivalerin, C ,8 H«0* « (C 8 H*)" (C A H 9 0 2 )* = C*H 8 0* + SCPH^O 3 - 3H*0. 
— Produced by heating divalerin to 220° with 8 or 10 times its weight of valeric acid. 
It is a neutral oily liquid, having a faint unpleasant odour, insoluble in water, but 
soluble in alcohol and ether ; decomposed by alcohol and hydrochloric acid ' like the 
other valeri ns. (Berthelot.) 

VALfiRISIC ACIDB, in the nomenclature of Laurent and others, are substitu- 
tion-products of valeric acid, in which 3 at. hydrogen are replaced by chlorine or 
other radicles, e.g* chlorovalerisic acid, CLPCPO 3 . In like manner, those products in 
which 4 at. hydrogen are thus replaced, are called valerosic acids. 

▼ALBROBXOHLORBTDRXN, (C*H 4 ) H/ (C 5 H 9 0)0CP, is produced by heating 
epichlorhydrin (i. 894) with chloride of valeryl to 100°. It is a mobile liquid, smell- 
ing like amylic acetate, having a specific gravity of 1*149 at 11°, and boiling at 245°, 
under a pressure of 737 mm. ^Truchot, Ann. Ch. Pharm. cxxxviii. 297.) 

(c*H*r 

VALEROOLTCBRAL. C b H‘«O s - H ^O* - C^HK)* + C*H'*0 — 

fc*H ,o n 

U*0. — A compound analogous to acetal, produced by heating glycerin with valeral to 
170° — 180° for 24 hours. It is a liquid boiling between 224° and 228°. Specific 
gravity - 1*027 at 0°. Vapour-density, obs. * 5 526 ; calc. — 5*544. It is inso- 
luble in water, has only a faint odour, but is decomposed by moist air, and then emits 
an odour like that of valeral. (Harnita-Harnitzky and Men schutki n, Ann. 
Ch. Pharm. cxxxvi. 126; Jahresb. 1865, p. 506.) 

Similar compounds are obtained with acetic and benzoic aldehydes. 
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VALEROL— VALERYLENE. 


VAUBBOL. C 6 H“0? — The neutral oxygenated constituent of valerian -oil 
p. 975). It was first prepared and examined by Gerhardt (Ann. Ch. Phys. [31 vii. 
275), and afterwards found by Personae (Compt. rend, xxxvii. 309) in the volatile 
oil of Inpulin. It is prepared by rapidly distilling valerian-oil in a stream of carbonic 
anhydride, whereupon borneene (valcrene), borueol, and valeric acid pass over first, 
and afterwards valerol. The latter is heated to 200°, for some time, in an atmosphere 
of carbonic anhydride, then cooled in ice, and the vulerol which crystallises out is 
washed with aqueous sodic carbonate, rectified several times in carbonic anhydride, 
and crystallised by cooling (Gerhardt). According to Pierlot (Ann. Ch. Phys. 
[31 Ivi. 294), it must be distilled over hydrate of potassium, to free it completely from 
valeric acid. 

Vulerol crystallises at 0° in colourless transparent prisms. It molts at 20°, thou 
remains liquid at ordinary temperatures, mid does not solidify till cooled to 0°. In the 
liquid state it floats on water. It is slightly soluble in water, easily soluble in alco- 
hol, ether, and volatile oils. According to Pi or lot, its lioiling-point is not constant, 
but varies during distillation from 200° to 430° without remaining stationary at any 
intermediate point; in fact, valerol is not a definite compound, but a mixture of the 
stearoptene of valerian-oil (p. 975), with resin and a little water. According to Gerhardt 
and Cahours, it is converted into valeric acid by atmospheric oxidation, and whon 
heated with potassic hydrate gives off hydrogen, and yields valerate and carbonate of 
potassium : 

C 8 H*°0 + 3KIIO + 11*0 « C*H*KO* + K*CO* + 3H*. 


According to Pierlot, on the other hand, it is not converted into valeric acid by- ex- 
posure to the air, or by treatment with any oxidising agent, and if quite freo from 
valeric acid is not acted upon by potash. 


V AMK OLACTIO JkCX3>. C 5 H ,0 O , .~ Syn. with ethyl-lactic acid (see Lactic 
Ethers, iii. 403). According to J. Clark (Jahresb. 1865, p. 319), it. is produced by 
heating bromovaleric acid with silver-oxide and water. Its zinc-salt crystal Uses readily. 

VALBROVXI. C 9 H ,8 0 = C (phbJ “ gill | °.~ Valcryl-butyi, Valme. V(t- 

leroyl-b utyloxide. Dibutyl acetone. Dihutylcarfmnoxyd. — This body, the ketone of 
valeric acid, is produced by the distillation of valerates, the calcium-salt being gene- 
rally used. It was first propared by Lowig (Fogg. Ann. xlii. 412), mixed, however, 
with a large quantity of vulcral ; pure valerone wits first obtained by Ebersbach 
(Ann- Ch. Phurm. evi. 268), who separated the valoral by means of acid sulphite of 
sodium. The best mode of preparing it is to diBtil valerate of calcium with one-sixth of 
its weight of lime ; tho quantity obtained, however, is but small, probably because the 
greater part of it is resolved into valoral and tetrylene : C*H t8 0 ■» C ft ll'*0 + C 4 HV 
Valerone is a transparent, colourle s, mobile liquid, having a ploasant ethereal odour 
and burning taste. It is lighter than water, does not mix with it, but dissolves in 
alcohol and ether. It, boils at 165°, docs not combine with acid sulphite of sodium, 
and is decomposed by sodium and by pentachloride of phosphorus only when heat'd. 

VA&xatONXTSZLB. C*IPN.— Syn. with Cyanide or TktRyl, C'H'.CN. (See 


Cyanides, ii. 272.) 

VAlfiROim. Lid wig’s name for tho hydrocarbon C 4 H f 
VALBXOBX O ACIDS. See Vaue&xsic Acros (p. 980). 

VA&BKOZTL. Syn. with Vai.ertl. 

VA1DROYL. A name applied to the hydrocarbon C 5 H®, according to which de- 
nomination, vaierene or amylene may be designated as hydride of valeroyl, &c., 

valerone as valeroyl-butyloxide, CGIACTP.O, &c. 5 

VALSStTASZD. Syn. with Valebylurea. (See Carramidbs, i. 763.) 
VALSXTD. C*H f O. Vakroxyl , — The radicle of valeric acid and it* derivatives. 
According to Wanklyn, it is obtained in the free state by the action of sodium on ethylic 

^The^romide^chloride, &<?. of valeryl are described as valeric bromide, &c. (p. 970); 
the protoxide as valeric anhydride (p. 979) ; the peroxide as valenc peroxide (p. 980). 
TADDETLAMID IO acid. Syn. with AniDOVALBRiq Acid (p. 978). 
m-BVm. Syn. with Valeron?. 

C*H*. (Reboul, Ann. Ch, Pharm. cxxxi. 238; cxxxii. 117 ; 
.372; Jahresb. 1864, p. 605; 1865, p. AOO.^This 'JlS^SSSsl 


with acetylene, is obtainedThy^beating bromufe of amylene with concentrated alcoholic 
potash to 140° for several hours, distilling the liquid KP”****^ 


pVlWUl \nJ lxv iUK ocfvaai p T. ~ AO 

water, and collecting that which passes over from 44° to 46 . 


from the product by 
It is a colourless very 
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mobile liquid, which floats on water, and is nearly insoluble therein. It has a pungent 
alliaceous odour, boils at 44° to 46° under a pressure of 745 nun., has a vapour-density 
of 2*356 (calc. 2*354). It is not absorbed by an ammoniacal solution of cuprous chloride. 

Bromine-compounds of Valerylene . — Valerylene shaken up with strong aqueous 
hydrobromic acid, becomes hot and is converted into a red oil, which, after washing 
with alkaline water, yields, by fractional distillation, the two following compounds : 

Monohydrobromate of valerylene, C 4 H 8 .HBr, boiling at 112°; 

Dihydrobromate of valerylene, C 4 H B .2HBr, „ 170° — 175°. 

The former, which is the chief product, is distinguished from the isomeric body mono- 
bromamylene, C A H*Br, boiling at 115°, chiefly by its property of forming with bromine 
a liquid compound, CHF.HBr.Br 2 , whereas monobromamylene forms with bromine a 
crystallisable compound, C 4 H B Br.Br*. 

When bromine is added by drops to valerylene cooled by a freezing mixture, a fresh 
quantity of valerylene added before the red colour appears, then more bromine, and so 
on alternately, a heavy oil is formed containing two liquid bromine-compounds, 
C 4 H 8 Br 9 and CMPBr 4 , in various proportions. If the addition of bromine be discon- 
tinued when no more instantaneous decoloration takes place, the product consists 
mainly of tho dibromide ; in the contrary case, provided the action be sufficiently pro- 
longed, nothing but tetrabromide is obtained. In sunshine the tetrabromide forms in 
an hour or two, together with the crystalline compound, C s H 7 Br.Br 4 (a). 

Tetrabromide of Valerylene, C 5 IPBr\ is a thick very heavy liquid, which does not 
solidify at — 10° ; it is isomeric with the (probably solid) bromide of dibromamylene, 
CFIPBr’Br 3 . 

Dibromide of Valerylene , C'lFBr 2 , is obtained by distilling tho above-mentioned 
mixture, and collecting the portion which passes over below 200°. It boils at 166° — 
172°, and unites quickly with bromine, forming a tetrabromide, from which, however, 
on exposure to sunshine, crystals of a compound, C 5 H 7 Br.Br*(A) separate, differing 
from the isomeric body (a) in crystalline form, behaviour when heated, and solubility 
in ether. Hence it appears probable that there are two isomeric tetrabromidoH of 
Valerylene, C s H B Br' and C v H B Br 2 .Br 2 , each of which yields a corresponding substitu- 
tion-product. Wurtzs diallyl is, perhaps, homologous with valerylene. 

Bromovaleryhne, C 4 lI 7 Br. — When the above-mentioned mixture of dibromide and 
tetrabromide of valeiyleno is distilled to dryness with alcoholic potash-solution, and the 
distillate mixed with water, a heavy oil separates, which is resolved by fractional 
distillation into the throe following compounds: — (1) Dibromide of valerylene, 
CMFBr 2 (boiling at 170° — 175°), mixed with a small quantity of the compound 
C 6 H*'Br(C 2 II 5 0) ; (2) Bromovalerylene, C 3 H 7 Br, boiling at 125° — 130°; and (3) 
Valylene , C 5 H 8 , boiling at 45° to 50°, togothor with a small quantity of valerylene. 
The formation of these bodies is represented by the equations : 

C*H*Br a — HBr = C 8 IFBr. Brom oval ery lone. 

C 4 H*Br a - 2HBr - C 3 H fl . Valylene. 

- Br 2 = C*H". Valerylene. 

Boon i o valerylene is partially decomposed by distillation, and becomes coloured by keep- 
ing, It unites at low temperatures with bromine, forming the compounds C s H 7 Br* 
and C*H 7 Br\ When shaken up with an ammoniacal solution of cuprous chloride , it 
is immediately converted into a yellow solid body, consisting of cuprous valylide, 
C*H ft Cu, together with cuprous bromide and oxide: 

C 4 H T Br + Cu*0 - C ft H*Cu + CuBr + H*0. 

VAX.ERTIi-BTDKlDfi. Syn. with Vaujral (p. 973.) 

VAURT&VBEA. See Cabbamims (i. 753). 

VAIO NZA. The commercial name of the large cups of the prickly-cupped oak 
(Qtiereus Mgilopi), an infusion of which is used iu tanning leather. They contain 
tannin and gallic acid. The tannin does not yield pyrogailic acid by dry distillation* 
and is but slightly precipitated by sulphuric acid, even from very concentrated 
solutions. 

VALTl. Kolbe’s name for Tstbvx or Btmnu 

▼ALTIim. C 5 H B . (Reboul, Ann. Ch. Pharm, cxxxv. 372; Jahresb. 1866, 
p. 510.) — This hydrocarbon is found, as above mentioned, among the products of 
tiie action of alcoholic potash on dibromide of valerylene, passing over on dis- 
tillation, together with a little valerylene, between 45° and 50°. It may be obtained 
pure by treating the mixture with ammoniacal cuprous chloride, which converts 
the valylene into cuprous valylide, C^IPCu, but does not act upon the valeiy- 
Jene. The cuprous valylide (which may also be obtained by the action of immo^ 
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niacftl cuprous chloride on bromovalerylebe), is washed by decantation with anuno- 
niacftl water, then with a little alcohol, and dried. It decompose* quickly when heated, 
leaving a black residue. It is decomposed by bromine with inflammation and by 
fuming nitric acid with incandescence. An ammoniacal silver-solution converts it 
into a silver-compound of analogous composition and properties. 

To separate the. valylene, the copper-compound is wanned with u very plight 
excess of dilute hydrochloric acid, and the hydrocarbon which distils over is condensed 
by a freezing mixture. Valylene is a light liquid boiling at about 60°, having an 
alliaceous odour, recalling also that of prussic acid. When brought in contact by 
drops with bromine in a freezing mixture, it forms a crystalline muss saturated with a 
thick liquid, the crystalline portion consistingof bromide of valylene, OIPBr 8 , and 
the liquid being a mixture of tho compounds C s H tt Br 8 , C*H 8 Br 4 , and perhaps C 5 U*Br a . 

VAll TXXDSS. See the lust article. 

VAirADATOS, J g ee VANJLDirMj Oxides of (p. 989). 

VAWADIC ACZ3>. » 

VAVABUTBROVZZTE. This ilame is given by Schafhautl (N. Jahrcsb. f. 
Min. 1844, p. 721) to a mineral from tho Serpentine of Bmceo, on the coast of 
Genoa, containing 49*60 per cent, silica, 6*66 alumina, 18*13 lime, 14 12 magnesia, 
3*28 ferrous oxide, 3 G6 ranadium-pentoxido, 3'7« r > soda, and P77 water. It is 
coarsely laminar, with one distinct and two indistinct directions of cleavage, has a 
nacreous lustre and greenish-grey colour, aud is translucent in thin lamina*. Hardness 
less than 4. Specific gravity = 3*266. 

VANADZXITB, Vanadate , or more properly, Va nadato -chloride of lead. See 
Vanadates (p. 991). 

▼ANADZOV8 ACZ3K 

VANADZTSB. 

VAITADZUM. Atomic weight, 51*2 ; Symbol , V. — A metal usually classed with 
molybdenum and tungsten, but shown by recent investigations to belong to the same 
series as arsenic, antimony, and bismuth. 

l>el Rio, in 1801 (GHlb. Ann. lxxi. 7), found in the lead-ore of Zimapan, in Mexico, 
a new metal which ho designated as cryihronium ; subsequently, however, he regarded 
it as impure chromium. — Sefstrdm, in 1830 (Pugg. Ann. xxi. 43) found in the bar- 
iron obtained from the ores of Tuborg in Sweden, and especially in tho refinery slags, 
a new metal which ho named vanadium, after the Scandinavian deity Vanadte; 
Wohler {ibid. xxi. 49) then showed that the lead-ore of Zimapan consisted of lead- 
vanadate, and that I) el Rio’s erythroniurn was not chromium, but vanadium. Subse- 
quently this metAl has been found in several other oppb, most abundantly in lead- 
vanadate from Wanlockhead in Scotland, and from La Plata; in smaller quantity also 
in pitchblende, in many iron-ores, and the pig-iron obtained from them ; also on the 
native copper of Lake Superior, probably as phosphate ; and in several kinds of clay, to 
the amountofO-02 to 0*07 per cent. Vanadium appears, therefore, to be somewhat widely 
diffused, but it never occurs in large quant ity, and has, indeed, been hitherto regarded us 
one of the rarest, of the metals. Quite recently, however, a more productive Source of 
it has been discovered by Roscoe (Proc. Roy. Roc. xyi. 223) in some of the copper- 
bearing beds of the Lower Keupor sandstone of tho Trias, worked at Aklerley Edge and 
Mottram St. Andrews, in Cheshire. In working up a pure cobalt-ore from Mottrain, 
a large quantity of a lime -precipitate was obtain^, containing nearly 2 per Cent, of 
vanadium. 

Extraction.— 1. From tho refinery slag of the Taberg iron-ore.--The 
finely -pulverised slag is deflagrated with nitre and carbonate of sodium ; the fused 
mass is digested with boiling water; and intq the crude solution of potassium-vana- 
date thus obtained, lumps of sal-ammoniac ore introduced, whereby vanadate of am- 
monium, which is insoluble in a saturated solution of sal-ammoniac, is deposited in 
crystalline grains. This salt, when ignited in an open vessel, leaves pure vanadium- 
pentoxide. (Berzelius.) 

2. From certain kinds of pig-iron. — The grey pig-iron smelted from the oolitic 
iron-ores of Westbury, in Wiltshire, contains, according to Riley (Chern. 8oc. J. xvii. 
21), about 0*7 percent, vanadium, which becomes concentrated in the graphitic residue 
left on dissolving the iron in hydrochloric acid. On treating this residue with pofc- 
ash-ley, to free it from silica, and burning the remaining graphite with free access of 
air, a mixture of tetroxide and pentoxide of vanadium is obtained. (Rile^.J 

3. From native vanadate of lead. — The solution of the mineral in nitnc acid in 
freed from lead and arsenic by sulpbydric acid ; the blue filtered liquid is boiled for 
a short time, and then evaporated to dryness at a moderate beat J the dark-red residue 
is boiled with a saturated solution of ammonium -carbonate, which is added from time 


See Vanadium, Oxides of (p. 988), 
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to time ; and the liquid is filtered at the boiling heat. On cooling, it deposits' white 
needles of ammonium-vanadate, which may be purified by recrystaUisation. (John- 
ston, Nv Edinb. J. of Sc. v. 166, 318.) 

4. From the lime* precipitate, obtained, as already mentioned, in working 
the cobalt- ore of Mottram in Cheshire. — This precipitate, containing mainly 
arsenic, iron, lead, copper, vanadium, and lime, with sulphuric and phosphoric acids, 
was first well furnaced with ground coal, to drive off the greater portion of the arsenic ; 
then roasted with one quarter of its weight of soda-ash, so as to convert the vanadium 
into a soluble vanadate ; and on lixiviation, arsenic and the heavy metals were com- 
pletely thrown down by sulphuretted hydrogen. The deep blue solution was neutra- 
lised by ammonia, the precipitated vanadium-oxide dried and oxidised by nitric acid, 
and the crude vanadic acid thus obtained was boiled out with a saturated solution of 
ammonium-carbonate. The slightly soluble ammonium-vanadate was washed and 
recrystallised. In order to prepare pure vanadic acid from this salt, it was roasted, and 
the powdeiy acid thus obtained was suspended in water into which ammonia-gas was 
passed ; the dissolved ammonium-vanadate was separated by filtration from a residue 
containing silica, phosphates, &c. The pentoxide obtained by heating this salt was 
free from phosphorus. A second method of preparing the pure vanadium-pentoxide 
consists in decomposing the pure oxychloride with water, and freeing the acid from any 
traces of silica by exposure to hydrofluoric acid gas. Great difficulty was experienced 
in obtaining vanadium free from phosphorus ; all the native vanadates contain large 
quantities of phosphorus. (Roscoe.) 

Metallic vanadium remains when vanadium-nitride is heated to whiteness in am- 
monia-gas (Uhrlaub, Pogg. Ann. ciii. 134), but it does not appear to have been 
obtained quite pure. 

Berzelius, by igniting vanadium-pentoxide with potassium, and washing out the 
fused mass with water, obtained a brilliant metallic-looking powder, which has been 
hitherto regarded as pure vanadium ; but Roscoe has shown that it is an oxide. 

Compounds of Vanadium. — Berzelius, to whose elaborate research, published 
in 1331 (Pogg. Ann. xxii. 1), we were till lately indebted for nearly all our knowledge 
of the vanadium -compounds, obtained three oxides, to which he assigned the formula 
VO, VO * VO* {V = 685, 0 =- 8) ; ho also obtained a chloride corresponding to the 
highest oxide, namely VCl a . According to these results, vanadium was regarded as 
a metal belonging to the same class as chromium, molybdenum, and tungsten. This 
view, however, was somewhat difficult to reconcile with the observed fact of the iso- 
morphism of certain vanadium-compounds with analogous compounds belonging to the 
phosphorus and arsenic groups; the mineral vanadinite, for example, which is a com- 
pound of lead-vanadate and lead-chloride, is isomorphous with apatite, pyromorphite, 
and mimetesite — minerals consisting of calcium-phosphatochlonde, lead-phosphato- 
chloride, and lead-arsonatochloride. This anomaly induced several chemists to suspect 
that vanadium might really belong to the phosphorus and arsenic group of elements. 
Baumgarten, in particular (Jahresb. 1865, p. 219), was led to this conclusion by ob- 
serving among the last crystallisations from the soda mother-liquors at Sclioningen, 
colourless crystals, consisting of phosphatofluoride of sodium, 2Na s P0*.NaF.19H 2 0, 
in which the phosphorus was partly replaced by arsenic, and to a greater extent by 
vanadium (the ciystals containing from 0*89 to 1*06 per cent, vanadic oxide). Baum- 
garten likewise obtained perfectly similar eiystals, containing the same proportion of 
vanadium, by direct synthesis. 

Such observations could not, however, be regarded as having much weight against 
the definite experimental results of Berzeliuq, which showed beyond doubt that, if the 
lowest of the three oxides obtained by him is a monoxide, VO, the highest must 
be a trioxide, VO*. This conclusion was based 1. On the constant loss of weight 
which the highest oxide undergoes on ^eduction in hydrogen at a red heat — 2. On 
the action of chlorine on this reduced bifde, whereby a volatile chloride is formed, and 
a residue of vanadic oxide obtained, which is found to be eaMM^ly^pne-third of the quan- 
tity originally taken for reduction in hydrogen. These results may be represented by 
the following equations : 

(1) VO* + H* - VO + mo* 

(2) 3 VO + Cl* - VO * + 2VO*. 

But the recent experiments of Roscoe, whilst fully confirming these fundamental 
results of Berzelius, and proving that if the atomic weight assigned to vanadium by 
that chemist, viz. 68'5, be correct, the formula of the oxides must be VO, VO*, VCr, 
or VK), V a 0 2 , V*0* and that of the volatile chloride VC1*, have shown, on the other 
hand, — 1. That the supposed metal of Berzelius is really an oxide. — 2. Thatthe quantities 
of oxygen in this and the three higher oxides, united with the same weight of vanadium, 
•are to one another as the numbers 2, 3, 4, 5 — these four oxides being, in fhet, represented 
by the formulae V 'O*, V*0\ V*0\ V*0\ analogous to those of the oxides of nitrogen 
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(neglecting the monoxide). — 8. That the supposed trichloride obtained by Berselius is an 
oxy chloride, VO Gl“, related to vanadie oxide, V*0*, in the same nmnner us phosphorio 
oxychloride w related to phosphoric oxide. The quantitative results of the reduction 
of vanadie oxide in hydrogen, and the treatment of the reduced oxide by chlorine, are 
represented on this view by the equations ; 

VKt* + 2H 1 - V*0* + 2H 2 0. 

37*0' + 6C1* - V*0» + 4V0C1* 

Roscoe has further pointed out that vanadie oxide forms, with motallic oxides, two 
classes of salts, analogous in composition to the orthophosphates and metaphosphates 
(p. 991). It may therefore be concluded that vanadium exhibits in all respects the 
characters of a metal belonging to the phosphorus and arsenic group. 

V AK ABrUM, BSOMID18 OP. No bromide of vanadium has yet been ob- 
tained in the free state. The so-called tribromide obtained, by ^chafarik, is an oxy- 
bromido, VOBr* (p. 992). — The Utrabromide, VBr 4 , is probably contained in the blue 
solution of vanadium-tetroxide in hydrobromic acid. This solution dries up in a 
vacuum to a blue gum, which becomes violot-brown when heated, but is still perfectly 
soluble in water. The aqueous solution gives off a greenish-grey precipitate with am- 
monia. 

▼ AW ADID M, CBLOXIDS8 Ol*. None of those compounds are known in the 
free state. — The tt trachtoride, VCI 4 , probably oxisrs in solution and in two isomeric 
modifications : 

a. Vanadie acid, boilod with strong hydrochloric acid, gives off clilorino and forms a 
blue solution, which, when concentrated by evaporation, yields a blue syrup not pre- 
cipitated by alcohol. When perfectly dried by heat, it loaves a brown oxychloride no 
longer quite soluble in water. 

8. Vanadium-tetroxide dissolved in strong hydrochloric acid forms a brown solution, 
which, when left to evaporate, yields a black liquid, becoming brown again on dilution. 
The brown solution turns blue when evaporated by heat./ or on addition of strong 
sulphuric acid. Ammonia added to the brown solution forms a greenish-brown pre- 
cipitate, insoluble in water. ; 

Several oxychlorides of vanadium have been obtained (p. 992). 

VAWADIUM, BETBCTZON AND B8TZMATIOV OF. 1. Blowpipe 
Reactions . — All compounds of vanadium heated with borax or phosphorus-salt, pro- 
duce a dear bead, which is colourless if the quant ity of vanadium is small, yellow if it 
is large ; in the inner flamo the head acquires a beautiful green colour. 

2. Reactions in Solution. — Vunadium-di oxide (the metallic vanadium of Ber- 
zelius), may be obtained in solution by t he action of nascent hydropen on a solution 
of the pentoxide in sulphuric acid. Thn solution of hypovanad i ous sulphate 
thus obtained has a lavender colour, and is an extremely powerful reducing agent, 
(See p.987.) 

Vanadium-tetroxide, or vanadious oxide (the dioxide of IJorzel ins) dissolves in 
ueids, forming Balts called vanadious salts, most of which are of a blue colour. Vana- 
dious salts form, with the hydrates and monocar bonahs of the fixed alkalis , a greyish- 
white precipitate of hydrated vanadious oxide, which dissolves in a moderate excess 
of the reagent, but is precipitated by a large excess, in the form of a vnnadito of 
the alkali-metal. — Ammonia in excess produces a brown precipitate, soluble in pure 
water, but insoluble in water containing ammonia. — Ferrocyanide of potassium forms 
a yellow precipitate, which turns green on exposure to tho air. — Sulphuric acid pro- 
duces no precipitate. — Sulphide of ammonium forms a black-brown precipitate, so- 
luble in excess. — Tincture of galls forms a finely- divided black precipitate, which gives 
to the liquid the appearance of ink. 

Vanadium-tetroxide also unites with the mofr* baste metallic oxides, forming salts 
called vanadites, all of which are insoluble, except those of the alkali-metals. The 
solutions of the alkalink vanadites are brown, but when treated with sulphydric acid , 
they acquire a splendid red-purple colour, arising from the formation of a sulphur- 
salt. — Acids colour them blue, by forming a double vanadious salt ; tincture of galls 
colours them blackish-blue. The insoluble vanadites, when moistened or coverod with 
water, become green, and are converted into vanadates. 

Vanadium-pentoxide, or vanadie oxide, reacts for the most part as an acid oxide, 
uniting with basef t* form salts called vanadates. These salts are all more or less 
soluble in water j the barium- and lead-salts, however, are very sparingly soluble. 
The alkaline vanadates are sparingly soluble in cold water, especially if it com sins 
free alkali or another alkaline salt : e.g. f vanadate of ammonium is nearly insoluble 
in water containing sal-ammoniac : hence, on treating a solution of potassium- vana- 
date with excess of sal- .mmoniac, a precipitate of ammonium-vanadate is produced. 
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The aqueous solutions of the vanadates are coloured red by the stronger acids, hut ffo 
mixture often becomes colourless again after a while. They give orange-red preeipj, 
fates with the antimonious, plumbic, cupric , and mercuric salts. — Sulphydric add pro- 
duces, in neutral solutions of the vanadates, a mixed precipitate of sulphur and hy- 
drated vanadious oxide; in acid solutions it merely throws down sulphur, and reduces 
the vanadic oxide to vanadious oxide. — Sulphide of ammonium imparts tso solutions 
of the vanadates a brown-red colour, and, on adding an acid to the solution, a light- 
brown precipitate is formed, consisting of vanadic sulphide mixed with sulphur; the 
liquid, at the same time, generally acquires a blue colour. 

Vanadic and chromic acids are the only acids whose solutions are red ; they are 
distinguished from one another by the vanadic acid becoming blue, and the chromic 
acid green, by deoxidation. 

When a solution of vanadic acid, or an acidulated solution of an alkaline vanadate, 
is shaken up with ether containing hydnc peroxide , the aqueous solution acquires a 
red colour, like that of ferric acetate, while the ether remains colourless. This reac- 
tion will serve to detect the presence of 1* pt. of vanadic acid in 40,000 pts, of liquid. 
The ml colouring is also produced by ozonised oil of turpentine, and by hydric per- 
oxide alone; also by ordinary ether not containing hydnc peroxide. Chromic acid, 
even in considerable quantity, does not interfere with the reaction. (Q-. Wert her, 
J. pr. Chem. lxxxiii. 195.) 

3. Estimation and Separation. — Vanadium, in the form of free pentoxide or 
tetroxide, is estimated by reducing it to trioxide by ignition in a stream of hydrogen. 

In solutions of vanadites, the vanadium is precipitated by mixing the solution with 
excess of mercuric chloride, and then with ammonia. The precipitate, consisting of 
mercuric vanadite and chloride of dimercurammonium (white precipitate) is ignited in 
contact with the air, whereupon vanadium-pentoxide remains mixed only with a small 
quantity of mercuric oxide, from which it is separated by solution in carbonate of 
ammonia. 

When vanadic acid is dissolved in a liquid not containing any other fixed constitu- 
ents, it may be separated ns vanadium-pentoxide by evaporation, and if volatile acids 
or ammonia nro also present, by igniting the residue. 

Vanadic acid may be separated from many acids and other substances, by causing it 
to unite with ammonia, expelling the excoss of ammonia by evaporation, and then 
lidding a saturated solution of sal-ammoniac, in which vanadate of ammonia is inso- 
luble. The precipitate is then washed on a filter, first with solution of sal-ammoniac, 
then with alcohol, and the ammonia driven off by ignition. This method serves to 
separate vanadium from the alkali-metals. 

Vanadium may be separated from many of the preceding metals by the solubility 
of its sulphide in sulphide of ammonium; and from others, which are prec?ipitated 
from their acid solutions by sulpliydric acid, by acidulating the liquid and passing 
sulphydric acid gas through it; the vanadium then remains dissolved in the form of 
vanadious oxido. 

From lead, Imriuvn , and strontium, vanadic acid may be separated by fusion wit h 
acid sulphate of potassium ; on treating the fused mass with water, sulphate of lead, 
barium, or strontium remains, while vanadate of potassium is dissolved. Sulphuric 
arid cannot be used to effect this separation, because the precipitated sulphate always 
carries down with it a portion of the vanadium. (Berzelius.) 

Vanadium may also bo separated from these metals, and from all othors which form 
insoluble carbonates, by fusing the vanadate with twice its weight of sodium -carbonate, 
digesting the fused mass in water, and washing the undissolved portion, (v. Hauer, 
J. pr. Chem. Ixix. 385.) 

Atomic Weight of Vanadium. — The atomic weight of this metal has been de- 
termined in two ways : — a. By igniting vanadium-pentoxide, V*0*, in pure dry hydro- 
gen-gas, whereby it. is reduced to the trioxide, V a O*. The atomic weight of vanadium 
is then determined from he equation: 

, 7 8(5A-3n) 

* a-b ’ 

where a the weight of ranadium-pentoxide taken ; 

„ b = „ vanadium- trioxide obtained. 

Kosooe, in four experiments, obtained the following results : 


Weight of 

Weiaht of 

Atomic 

No. pentoxide 

tHoxide 

weight of 

taken. 

obtained. 

▼ao Adi urn. 

1. 7*7397 

63827 

51*26 

2. 65819 

5*4296 

51*39 

3. 51895 

4*2819 

51*48 

4 . 50450 

4*1614 

51*35 
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The mean atomic weight deduced from these experiments is 61*37, with a mean error 
of + 0*066. Berzelius found, as a mean of four experiments, that 120*927 pts. of the 

r ntoxide yielded 100 pts. of trioxide, which gives, according to the above equation, 
*■ 62*56.* The difference is probably due to the fact that the vanadium employed 
l»y Berzelius contained a trace of phosphorus, which prevented the complete reduction. 

0. By the analysis of vanadium-oxytricbloride or vanadyl-trichloride, VOC1*. — The 
chlorine in this compound was estimated both by Gay-Lussac’s volumetric process, and 
by weight-analysis. Nine volumetric determinations give 61*306 per cent, chlorine; 
seven gravimetric determinations give 61*241 per cent. From these numbers an atomic 
weight of 61*05 is obtained for vanadium. The mean of 61*06 and 61*37 (the number 
obtained from the reduction experiments), viz. 51*21, is regarded as the true atomic 
weight of vanadium. (Roscoe.) 


VAN AB1VM, FLUORXDSS OF. Vanadium-tetroxido dissolves in hydro* 
fluoric acid, forming a blue solution, which yields, by spontaneous evaporation, a 
greenish syrup and green crystals, probably consisting of the hydrated tetrafluoride. 
It forms light-blue double salts with the fluorides of potassium and sodium. 

Vanadium-pentoxide also dissolves in warm, aqueous hydrofluoric acid, and the 
solution, evaporated at 40°, leaves a white mass, which dissolves perfectly in water, 
but, when strongly heated, leaves an insoluble residue of pure vanadium-pentoxide. 

VANADIUM, IODIDES OF. Vanadium- tctroxido dissolves in aqueous 
hydriodic acid, forming a blue solution, which turns green in contact with the air, and 
yields, by spontaneous evaporation, a brown somifluid mass, soluble with black-brown 
colour in water. 


VANADIUM, NITRIDES OF. There are two compounds of vanadium and 
nitrogen. — The mononitride, VN, obtained by heating the compound of vanudium-oxy- 
t riehloride with ammonium-chlorido to whiteness, in a current of ammonia-gas, is a 
greyish-white powder, unalterable in the air. It £ave, by aiialysis, 786 per Cent, vana- 
dium and 21-4 nitrogen, the formula VN requiring 77*8 vanadium and 20*2 nitrogen. 
(Uoscoo.) 

VanadiuM-dinitridc , VN* was obtained by Uhrlaub (Pogg. Ann. ciii. 134), who 
however assigned to it a different formula, by heating t he ammonium-oxychloride in 
ammonia-gas to a moderate temperature. It is a black powder, which is strongly 
acted upon by warm nitric acid, and gives off ammonia when fused with potash. 

VANADIUM, OXIDES OF. The oxides of vanadium are analogous in com- 
position to the oxides of nitrogon, excepting that the one corresponding to the prot- 
oxide or monoxide of nitrogen has not yet been obtained. The complete series m as 


follows : 

Vanadium -monoxide (hyp.) V a O 

Vanadium-dioxide, Hypovanadious oxide, or Vanadyl ..... V a O* 
Vanadium-trioxidp, or Hypovanadic oxide V*0* 

Vanadinm-tctroxide, Vun.idious oxide, or Vanadious anhydride . . V*0 4 

Vanadium-pentoxide, Vanadic oxide, or Vanadic anhydride .... V a O* 


Vanadi um -dioxide, V 2 0*. — This, .the lowest oxide of vanadium yet obtained, 
was regard ixl by Berzelius as metallic vanadium. As it enters into many vumtdium- 
eompounds (just as urunyl enters into the uranic compounds), it may be appropriately 
called vanadyl. 

Vanadium-dioxide is obtained by reducing either of the higher oxides with jwtassium 
(Bor ze li us), or by passing the vapour of vanadium-oxy trichloride, (VOC1*), mixed 
with excess of hydgogen, through a combustion-tube containing rod- hot charcoal 
(jSchafarik, Ann. <Jh. Pharm. cix. 85 ; Jahrosb. 1859, p. 108). As obtained by the 
second process, it forms a light-grey glittering powdor, or a metallically lustrous crys- 
talline crust, having a specific gravity of 3*64, brittle, very difficult to fuse, and a 
conductor of electricity. When heated to redness in the uir, it takes Are and bums 
to black oxide. It is insoluble in sulphuric, hydrochloric, and hydrofluoric acid, but 
dissolves easily in nitromuriatic acid, forming a dark-blue liquid. (Schafarik.) 

The dioxide may be prepared in solution by the action of nascent hydrogen, evolved 
by metallic zinc, cadmium, or sodium-amalgam, on a solution of vanadic^ acid in sul- 
phuric acid. After passing through all shades of blue and green, tbe liquid acquires a 
permanent lavender tint, and then contains the vanadium in solution as dioxide, or us 
hy po vanad ious salt. This compound absorbs oxygen more rapidly than any other 


* Berzelius, regarding tbs highest oxide a* V(P t [O *» 81 and luppoitug It lo be 
by Ignition In hydrogen, calculated the atomic weight of tbe metal from tbe equation 

which gives, according to hi* experiment*, f =» W W, and, according to Kotcoe**, V m 67*37 ; thlt is 
really the molecular weight of the dioxide. 



988 VANADIUM : OXIDES* 

known reducing agent* and bleaches indigo and other vegetable colours as quickly a 
chlorine. (Roscoe.) 

The degree of oxidation of the vanadium in the lavender-coloured solution wai 
ascertained by oxidising it with a standard solution of permanganate. By this methoc 
it was found that 150 pts. of vanaclium-pentoxide lost 26*53 percent, oxygen on reduc 
tion with zinc; the calculated loss from V*O s to V*0* is 26*3. 

When the neutral lavender-coloured solution pf a hypovanadious salt is left exposed 
to the air for a few seconds, the colour changes to a deep chocolate-brown from absorp 
tion of oxygen; indeed, this reaction is as delicate as that of an alkaline pyrogallate. 
If air be passed through the acid lavender-coloured solution of hypovanadious sulphate, 
oxygen is absorbed, the liquid assumes a permanent blue colour, and the va uadi um is 
then contained in solution as tetroxide. If the free acid contained in the lavender 
solution bo neutralised by zinc, the liquid, on exposure to air, attains a permanent 
brown tint, which, on addition of acids, becomes green, the solution then containing 
vanadium-trioxido. (Roscoe.) 

Vanadlum-trloxide, V 2 O s , or Vanadyl-monoxide, (V 2 0 2 )"0, (Berzelius’s 
suboxide). — Obtained by igniting the pentoxide in hydrogen-gas, or in a crucible 
lined with charcoal. It is a black powder, with an almost metallic lustre, and infu- 
sible ; by pressure it may be united into a coherent mass which conducts electricity 
(Schafarik). When exposed warm to the air.it glows, absorbs oxygen, and 
is converted into pentoxide. At ordinary temperatures, it •slowly absorbs oxygen, 
and is converted into tetroxide. By ignition in chlorino-gas it is converted into 
vanadyl-trichloride and vanadium-pentoxide. It is insoluble in acids, but may bo 
obtained in solution by the reducing action of nascent hydrogen evolved from metallic 
magnesium on a solution of vanadie acid in sulphuric acid. 100 pts. of vanadium- 
pentoxide were found to lose, on reduction with magnesium, 17*7 per cent, oxygen ; the 
calculated loss, on reduction to VO 3 , is 17*5 per cent. Solutions of vanadium-trioxide 
may also be obtained by partial oxidation of the lavender-coloured solution of the di- 
oxide (Roscoe). According to Schafarik, vanadium-trioxido unites with acids, forming 
salts (which nmy be called hypo vanadie salts), red in the anhydrous, and green 
in the hydrated state. When the tetroxide or pentoxide is ignited in a glass-tube in a 
stream of hydrogen, the glass acquires a red colour, in consequence of the formation of 
hypo vanadie silicate. 

Vanadlum-tetroxide, V*0 4 . Vanadious Oxide or Anhydride. (Berzelius’s 
vanadie oxido.) — This oxide is produced, either by the oxidation of the dioxide or tri- 
oxide, or by the partial reduction of the pentoxide. By allowing the trioxlde to 
absorb oxygon at ordinary temporaturos, the tetroxide is obtained in blue shining 
crystals. It dissolves in acids, the more easily in proportion as it has been less 
strongly ignited, forming solutions of van ad ious salts, which have a bright-blue 
colour. The same solutions are produced by the action of moderate reducing agents, 
such as sulphurous, sulphydric, or oxalic acid, upon vanadie acid in solution ; also by 
passing air through acid solutions of the dioxide till a permanent blue colour is attained. 
100 ptB. of vanadium-pentoxide, reduced with sulphurous or sulphydric acid, lose 
9*03 per cent. ; the calculated loss on reduction to the tetroxide is 8*76 per cent. 
(Roscoe.) 

The principal reactions of vanadious salts have been already mentioned (p. 985). 
The solutions treated with alkaline carbonates, yield a precipitate of vanadious hy- 
drate, which, when dried out of contact with the air, is neutral, has a grey colour, and 
is insoluble in water. It oxidises readily in contact with the air, acquiring a brown 
colour and acid reaction, and importing a green colour to water. It dissolves easily in 
acids, and, when ignited, leaves the anhydrous tetroxide. 

Vanadious phosphate and sulphate have been obtained in definite crystals (iv. 586 ; 
v. 617). 

Vanadium-tetroxide also unites with the more basic metallic oxides, forming salts 
called vanadites. Those of the alkali-metals are soluble in water, and are formed 
by dissolving the tetroxide or the corresponding hydrate in caustic alkalis; the rest 
are insoluble and are obtained by precipitation. — The ammonium-salt is likewise pro- 
duced by adding ammonia to a warm solution of a vanadious salt (the sulphate, for exam- 
ple!, till the resulting precipitate redissolves with black-brown colour. This solution, 
if left to itself in a well-closed vessel, deposits vanadite of ammonium on cooling, as a 
brown crystalline powder, the liquid then becoming colourless. The salt dissolves in 
pure water, forming a brown solution, from which it is precipitated by ammonia. — The 
potassium-saftt prepared in a similar manner, forms brown shining crystals. 

The insoluble vanudites have been but little examined. — The manganous salt is a 
brown powder, which, when exposed to the air in the moist state, oxidises to man- 
ganous vanadate. — The mercuric salt is thrown down, together with chloride of dimer- 
cuiummonium (white precipitate), on adding ammonia to a solution of mercuric 
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chloride mixed with a ranadou® Balt, The precipitate, when ignited, leave* vanadium* 
totroxide, still retaining a small quantity of mercuric oxide. 

VanadloiDiMpentoxide, V’O 5 . Vcuiadic Oxide . Vanadic Anhydride. Anhydrous 
Vanadic Acid. — This is the highest oxide of vanadium. It is prepared by igniting 
vanadate of ammonium in an open platinum-crucible; when cold, it has a rusty-yellow 
colour, lighter in proportion as the oxide is more finely divided. — The pentoxide may 
also be obtained by dissolving the impure tetroxide in strong sulphuric acid, and 
evaporating the solution. Pure vanadic sulphate, VKJ^SOMPO (p. 617— there 
called u basic vanadic sulphate,” and represented by the formula VOV2SO*), then remains 
as a light, orange-coloured, sandy powder, which, on ignition, leaves the pure pentoxide * 
(Fritzs c he, J. pr. Chem. liii. 93). — Very pure vanadium- pent oxiue is likewise 
obtainod by decomposing vanadyl-trichloride with water (Schafarik) : 

2VOC1* + 3H a O - VW + 6HC1. 

Pure vanadium-pentoxide has a more or less reddish -y olio w colour: it is tasteless, 
reddens moistened litmus-paper, and dissolves in 1,000 pts. of water, forming u light- 
yellow solution. When heated, it melts without decomposition, if kept from contact 
with deoxidising substances; and the red liquid crystallises on cooling, becoming 
incandescent at the moment of solidification, in consequence of the heat then suddenly , 
evolved. The solidified mass is yellowish-rod, and according to Nordonskjola 
(Pogg. Ann. cxii. 160), contains more or less distinct rhombic crystals. 

Vanadium-peutoxido is not altered by simplo ignition, but is easily reduced by 
heating with potassium, charcoal, hydrogen, carbureted hydrogen, organic substances, 
&c. In solution, it is also easily reduced by sulphurous or sulpbydric acid, and oven 
by nitrous acid ; also by stannous salts, and by sugar, alcohol, and other organic sub- 
stances, tho colour of the solution then changing from red or yellow to green and 
blue. The solution of the acid in hydrochloric acia gives off chlorine when evaporated ; 
tincture of galLs colours the solution of vanadic acid black, on standing, in consequence 
of reduction. 

Vanadic Hydrate or Vanadic And, IPO.V J O s + aq. or 2HV0\IT*0, is ob- 
tained, by treating a somewhat concentrated solution of an nnhydrovanadate of 
alkali-metal with nitric acid, as a bulky flocculent precipitate, which drios up in the 
air to a light brown-red powder having the composition just mentioned. It gives off 
1 at. water over oil of vitriol, and when dried by heat, furms solid lumps, having a 
coneho'idal fracture. 

Vanadium-pentoxido dissolves in the stronger acids, forming red or yellow solutions, 
which are partly decolorised by boiling and evaporation, especially when they contain 
excess of vanadium ; many of these solutions yield crystalline compounds by spon- 
taneous evaporation. (See Phosphatovanadic Acid, iv. 686; and Sulphates or 
Vanadium, v. 617). Alkalis added to tho solutions, form precipitates soluble in 
excess. The solutions are easily reduced by oxidisablo substances. 

Vanadates.— Vanadium-pentoxide unites with bases much more readily than 
with acids. When fused with alkaline carbonates, it eliminates 3 at. carbonic anhy- 
dride, forming orthovanadates, analogous to tho orthophosphates, e.g.i 
3(Na*0.C0 3 ) + V‘0 # « 3Na*0.V*0 B -t 3CO*. 

It also forms raetavanadates, analogous to the metaphosphates, and two series of 
acid vanadates or anhydrovanadates, viz.: 

Orthovanadates, M 3 V0 4 *■ jo* *• 3M 3 0.V*0*.* 

Met&vanadatM, MVO* = - MKJ.VO*. 

Diranadatea, 1FV«0» = 2MV0W=0* - M J 0.2VC*. 

Trivanadatea, M*V*0'* - 2MV0‘.2V J O* - M>0.3V*0*. 

Metavanadate of lead occurs native, as DecKcniie ; thee orthovanadate also, combined 
with lead-chloride, as Vanadinite. Deecloisiie is a diplumbic vanadate, Pb*V*0 T — 
2Pb0.V-0\ analogous in composition to a pyrophosphate. 

The metavanadates are mostly yellow ; some of them however, especially those of 
the alkaline earth-metals, and of zinc, cadmium, and lead, are converted by warming 
—either in the solid state, or under water, or in aqueous solution, eepocially in presence 
of a free alkali or alkaline carbonate— into isomeric colourless salts. The same 
transformation takes place also, though more slowly, at ordinary temperatures. The 
metavanadates of alkali -metal are colourless. Tne acid vanadates are yellow, or 
yellowish-red, both in the solid state and in eolation ; hence the solution Of a neutral 
vanadate becomes yellowish-red on addition of an acid. The mstavanadatee of 

* 3 MOJO*, according to tbs old atomic weights. 
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smmcnlum, the alkali-metals, barium, and lead are but sparingly soluble in water, 
the other metavanadates are more soluble. The alkaline vanadates are more soluble 
in pure water than in water containing free alkali or salt ; honce they are precipi- 
tated from their solution, by addition of alkali in excess, or of salts. The vanadates 
are insoluble in alcohol. Tne aqueous solutions of vanadates form yellow precipitates 
with antimony copper-, lead-, and mercury- salts ; with tincture of galls , they form a 
deep black liquid. 

Vanadates containing fixed bases are not decomposed by ignition ; strong acids 
tnm their solutions red, ind when added in excess, often throw down very acid salts. 
Jfrom concentrated solutions of acid vanadates, nitric acid throws down a bulky brown 
precipitate of .vanadic acid, retaining a small quantity of the base. — Hydrochloric acid 
decomposes the vanadates, with evolution of chlorine and formation of vanadium- 
tetr oxide. — Acetic acid , in excess, takes away part of the base from neutral vanadates, 
converting them into di- and tri- vanadates. — Sulphurous _ acid , alcohol, and other 
reducing agents, colour the acid solutions blue, by formation of vanadiuni-tetroxide. 

The vanadates have been examined chiefly by B erze Plus, and more recently by 
v. Hauer (J. pr. Chem. lxix. 38,1; lxxvi. 156, 929; lxxx. 324), and Czudnowicz 
(Pogg. Ann. cxx. 17 ; Jahresb. 1863, p. 221); their crystalline forms by Grailich 
( KrystalUtgraphisehe TJntcrsuchungen , Wien u. Olmiitz, 1858, p. 3). 

Vanadates of Ammonium . — The ?netavanadate, (NH 4 )VO*, is obtained by 
adding an excess of ammonia to the reddish-yellow acid solution of vanadic acid in 
ammonia, then warming it and leaving it to evaporate, or mixing it with alcohol ; also 
by placing a lump of sal-ammoniac, more than sufficient for saturation, in a solution 
of potassium- or sodium-vanadate (p. 985). It separates in colourless, transparent, 
crystalline crusts, which dissolve slowly in cold water, forming a colourless liquid ; 
quickly in boilingwater, forming a yellow solution. It is decomposed by heat, leaving 
vanadium-pentoxicle when heated in contact with the air. Its solution forms, with 
tincture of galls, a deep black liquid, which may be used as an insoluble ink. Alkalis 
do not act upon it ; acids colour it blue ; chlorine destroys the black colour, but the 
ink doos not fade spontaneously (Berzelius). — Yellow metavanadate . — The yellow 
solution of vanadic acid in ammonia mixed with excess of ammonia, and left to 
evaporate nntkout warming , yields lemon-} T ollow indistinct crystals, which dissolve in 
water with tho same colour, and are reprecipitated therefrom by alcohol. 

The divanadate , 2(NH 4 )V0 3 .V !< CP.4H 2 0 or (NII 4 ) 2 0.2V*0 5 .4H*0, is obtained by 
saturating warm aqueous ammonia with vanadic acid, and leaving it to evaporate ; 
or by mixing a boiling solution of tho metavanadate, gradually and with agitation, 
with acetic acid, till the precipitate redissolves. The yellowish-rod liquid, on cooling, 
deposits the suit in large, transparent, orange-red crystals, which dissolve in water, 
and are precipitated by alcohol as a lemon-yellow powder. — This trivanadate , 
(NH , )V0 S .V 3{ 0 5 .3H !< 0 or (NII , )*0.3V 2 0\6H 2 0, is obtained by repeated crystallisa- 
tion of the diacid salt from water containing acetic acid. It forms large splendid 
rod crystals, which are permanent in the air, more soluble in water than the preceding 
salt, but give off water and ammonia at a moderate heat. (v. Hauer.) 

Vanadates of Barium . — The metavanadate , Ba'(VO*) 2 .H*O t is obtained, by 
double decomposition, as a yellow gelatinous precipitate, which turns white slowly in 
tho cold, immediately when heated. The white and yellow Balts, which have the same 
composition, dissolve sparingly in water, each with its own colour, and the solution, 
when left to evaporate, deposits the salt in white crystalline grains. It dissolves with 
red colour in strong sulphuric acid. When heated, it gives off water, and turns yellow, 
but becomes white again on cooling. At a rod heat, it melts to a yellow-brown trans- 
parent mass. It is completely decomposed by fusion with acid sulphate of potassium. 
— The di vanadate , Ba"(V0 , )*.V’0 5 , separates by spontaneous evaporation, from a solu- 
tion of potassium -divanadate mixed with chloride of barium, in orange-yellow prisms, 
or on addition of alcohol, in shining lemon-yellow scales, slightly soluble in water. — 
Another acid salt, 3Ba0.6V a 0\19H0 - 3Ba(V0*)*.2V J 0U9H*0, is obtained by 
dropping chloride of barium into a warm solution of the di vanadate, and then adding 
acetic acid till the precipitate rediBsolves. The solution, on cooling, deposits the salt 
in reddish-yellow, shining, oblique prisms, (v. Hauer.) 

A so-called basic salt (? the ortho vanadate) is formed, on muring the solution of 
the metavanadute with baryta- water, as a yellow precipitate, which after a while turns 
white. 

Vanadates of Calcium. — The mitavanadate is obtained, by slow evaporation of 
ammonium -vanadate mixed with calcium-chloride, in white or yellowish crystalline 
crusts ; it is moderately soluble iu water (more soluble than the strontium* salt), and is 
precipitated by alcohol. — The acid salt forms large, orange-red, n on-efflorescent crys- 
tals, easily soluble in water. — A basic salt (? orthovanadate) is said to be obtained by 
mixing the solution of the metavanadate with lime-water. 
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Vanadates of Copper.— Cupric metavanadate separates, as a yellow precipitate, 
on adding alcohol to a mixture of a cupric salt and pot agrium-meta vanadate, — An acid 
salt separates, as a yellow crystalline crust* from a solution of acid potassium-vanadate 
mixed with cupric sulphate. 

Cupric orthovanadate occurs native in volborthite, a mineral found at Friedrichs- 
rode in the Thuringian Forest, and at Sysserak and Nischnc-Tagilsk in Russia. The 
mineral from Fried richsrode contains, according to Credner’s analysis (Fogg. Ann, 
Ixxix. 546), 39 02 per cent. V 2 O s , 38*27 CuO, 16*62 OaO, and 6*06 water, together 
with 0 92 MgO, 0-52 MnO, and 0*76 insoluble matter, agreeing nearly with the formula 
(( 1 u;Ca) , (V0 1 )*.(Cu;Cii)H*0* ; that from Russia appears to bo similarly constituted, 
but to contain only copper without calcium ; but it lias not been analysed, The specific 
gravity of the Thuringian mineral is 3*495 ; that of the Russian, 3*55. Hardness ** 
3. • Both minerals form small six-sided tables, spherical, radiate, grnnulo-laminar or 
scaly lumps, or earthy deposits, having an olive-green, grass-green, siskin-green, or 
lemon-yellow colour, vitreous and nacreous lustre, and yellow or greenish -yellow to 
greyish streak. The mi nasal is soluble hi nitric acid. 

Vanadates of Lead.— The nicta vanadate , Pb(V0 5 )*, occurs native as dechonito 
(ii. 308). It is also obtained by precipitating either the metaranadate or acid vana- 
date of potassium with acetate of lend. It dissolves slightly with yellow colour in 
water, easily in dilute nitric acid ; when it. is heated with strung nitric acid, a brown 
substance separates, probably consisting of a lead- vanadate containing a very large 
excess of acid. Themetuvanudate is not decomposed by boiling with aqueous carbonate 
of potassium, and not completely by boiling with strong sulphuric acid ; but fusion with 
acid sulphate of potassium decomposes it perfectly. — The di vanadate, Fb(V() , ) 54 .V ()\ 
is obtained by precipitating the acid potassium-salt, with nitrate of lead, uh an orange- 
yellow precipitate, slightly soluble, with yellow colour, iu water. 

A diplumbic vanadate (pyrovanadate), Pb'VHF « 2PbO.V*0*, occurs native as 
dcscloizite. 

The tri plumbic salt, or ortho vanadate, occurs native in combination with chloride of 
lead, as vanadinlte or vanadite, FbUl*.3WVO\ a mineral occurring atZironpan 
in Mexico, in the county of Wieklow in Ireland, at Wnulock head in Scotland, at Win disc h- 
kuppol in Carinthia, and at Beresowsk in the Ural, in crystals belonging to the hexa- 
gonal system, isomorphous with pyrornorphito and mimetesite. Tho crystals usually 
exhibit the combination of the hexagonal prism, ooP with the basal face oP and tla* 
hexagonal pyramid P, having the angle P ; P in tho terminal edges — 143°. It also 
forms kidney-shaped lumps, with fusiform to fibrous separation. Colour yellow to 
brown. Lustre waxy to adamantine. Transparent to translucent on the edges only. 
Hardnoss •— 3. Specific gravity «• 6*8 to 7*2 It dissolves in nitric acid, forming a 
yellow solution, any undissolvcu portion becoming covered with a red deposit of vaim- 
dium-pentoxide. 

Analyses : — a. From Zimapan (Be rzoli us). — b. From Wicklow in Ireland (Th orn - 
son, Outlines, i. 574). — <% From Windischkappel : crystallised ; «j wei fic gravity 0*886 
(Rammelsberg, Pogg. Ann. xcviii. 249).— d. From Borcsowsk : brown crusts on crys- 
tallised pyrornorphito; specific gravity «* 6*863 (Struve, V»rh. d. min. Gus. zn 


Petersburg, 1867): 

a. 

b. 

e. 

</. 

Chlorine 

. 2 66 

2*44 

2*23 

2*40 

Vanadium-pentoxide . 

. 

23*43 

17*41 

1698 14 64 

Phosphoric peutoxide . 

. . 

. . 

0*95 

3*08 2*79 

Lead-oxide . . . 

. 76 64 

73*04 

76*70 

97*29 

79*47 78*88 

101*99 


A cupricoplumbic vanadate called r h i lei te, occurring as an amorphous brown sub- 
stance in cavities of the massive pyromorphite of Mina Grande in Chile, was found by 
Domeyko (Ann. Min [4], xiv. 145} to contain 16*21 per cent. V*0*, 6*28 As*0 # , 
0*72 P*0\ 60*66 PbO, 17*88 CuO. and 0*37 PbCl 1 , which tuny be represented, approxi- 
mately, by the formula (Pb;Cu) 3 (VG*) a .3(Pb;Cu)0, the vanadium being partly replaced 
by arsenic And phosphorus. 

Vanadates of Lithium . — The metavanadate crystallises from concentrated solu- 
tions, in radiate groups of slender colourless needles, easily soluble in water.--The acid 
salt forms large red efflorescent crystals, resembling acid chromate of potassium, easily 
soluble in water and not completely precipitated by alcohol. 

Vanadates of Potassium . — The meta vanadate, KVO* or K*O.V*0\ di solves 
slowly in cold, easily in boiling water, with difficulty in water containing potash. The 
solution yields, by spontaneous evaporation, a syrup which dries up to a white earthy 
mass, melting when heated to a transparent yellow liquid, and Incoming white again on 
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cooling. — The acid salt, 2KV0».V»O».3IFO, op i/ojtfainea by 

fusing the metavanadate with vanadium-pentoxide, or by boiling it with addition of 
water. It forms broad, reddish-yellow, crystalline laminae, slightly soluble in cold, 
abundantly in boiling water. The crystals, when heated, give off ti^r. ^ater, and 
turn brick-red ; the dry salt is easily fusible, and forms a yellow mass on cooling. The 
salt is partially decomposed by boiling with a small quantity of water, metavanadate 
and divanadate dissolving, and a more acid salt remaining behind. Op mixing a cold 
concentrated solution of the divanadate with caustic potash, the divanadate partly 
separates unaltered; but if the two solutions are mixed hot, metavanadate is produced. 

Vanadates of Silver. — The metavanadate is a gelatinous, yellowish, or whitish 
precipitate, soluble in nitric acid and in very dilute ammonia, and precipitated, from 
the latter solution by concentrated ammonia. It is not completely decomposed by 
hydrochloric acid. — The acid salt is yellowish-red, slightly soluble in water, easily 
soluble in nitric acid and in very dilute ammonia. It melts below a red heat, and crys- 
tallises on cooling. The ammoniacal solution yields, by evaporation, crystals of ammo- 
mo-argentic vanadate. 

Vanadates of Sodium The metavanadat e resembles the potassium-salt. — The 

divanadate, 2NaV0 s .V 2 0 5 .9H J 0 = Na 7 0’2V s 0 5 .9H 2 0, is prepared like the corre- 
sponding potassium-salt, and separates, by spontaneous evaporation, in large crystals of 
a splendid orange-red colour. It is but slightly soluble in water, even at the boiling 
heat: nevertheless, 1 pt. of it imparts a distinct yellow colour to 200,000 pts. of water 
It effloresces in dry air, acquiring a rusty brown colour, melts at an incipient red heat, 
and forms, on cooling, a shining, amorphous, vamish-liko mass of a dark-red colour. 

A phosphate vanadate of sodium is obtained by heating a mixturo of vanadic and 
sodic phosphates with nitric acid. 

Vanadates of Strontium. — The metavanadate, SrfVO*)*, is gradually precipi- 
tated by chloride.of strontium from metavanadate of ammonium, in white ciystalline 
grains. It is more soluble than the barium-salt. The solution, mixed with strontia- 
water, forms, after some time, a yellow precipitate, which afterwards turns white (pro- 
bably the orthovanadate). — The divanadate , $r( V0 3 ) 2 .V 2 0\9H J 0 = Sr0.2V 2 0\9H 2 0, 
separates on cooling from a hot veiy strong solution of sod ium-di vanadate mixed with 
chloride of strontium, in shining orange-red crystals, having the form of sodium-diva- 
nadate. It is not very soluble in water, but more soluble than the barium-salt. The 
crystals do not effloresce even in dry air. — The trivanadate , Sr(V0*)*.2Y 2 0M4H*0 — 
Sr0.3V*0\14H ,,e 0, is prepared by mixing a solution of an alkaline divanadate with 
acetic acid and strontium-chloride, and heating the liquid nearly to the boiling-point. 
A straw-yellow basic salt is then deposited, and the deop-red filtrate evaporated over 
oil of vitriol yields crystals of the tri vanadate. By recrystallisation, with addition of 
a large quantity of free acetic acid, it is obtained pure, in large, red, diclinic crysHls, 
exhibiting a golden-yellow surface-lustre by reflected light. They are permanent in 
the air, give off 8 at. water at 100°, turn yellow, and melt at a low red heat to a dark- 
red liquid which solidifies to a crystalline mass on cooling. Tho salt dissolves easily, 
and without decomposition, in water, on addition of acetic acid. (v. Hauer, J.«r. 
Cham. bum. 156.) . 

Vanadates of Vanadium.— Several oxides of vanadium, intermediate in com- 
position between the tetroxide and pentoxide, and perhaps consisting of compounds of 
the two, are described by Berzelius. They are produced by direct oxidation^ of ihe 
tetroxide, or by mixing vanadious salts with vanadates in mujttferoportioiyL *Tho 
compounds thus characterised are : — 1. A purple oxide, form e^WWBJ^ad iouSwd rate 
is left for twonty-four hours in a vessel not perfectly closed ; 2. A green oxidS^eO®* 
taining V*0*.2V*0 3 ; 3. A yellow-green oxide, V # 0 , .4V*0 * ; and 4. An orange-yellow 
oxide. (See G-melin’s Handbook, iv. 84.) « 

The remaining vanadates have not been examined with sufficient exactness to render 
special description necessary. 

▼ANAB1VK, OXTBftOMZBB OF, orVAlTABn-BEOWIBS, VOBr*.- - 

This compound (regarded by Schafarik, who discovered it, as tribromide of vanadium, 
VBr ■*), is formed, like the corresponding oxychloride, by igniting a mixture of vana- 
dium-'tetroxide and charcoal in bromine-vapour. It forms needle-shaped crystals, having 
a dark-brown colour and blue metallic iridescence. (Schafarik.) 

VAVABSm, OXTCBhOSXBM OF. — a. Vanadium-ox^ trichloride, or 
Vanadyl-triohloridc, VOC1 1 (usually regarded as vanadium-tnchlopde), is pro- 
pared : (a). By the action of chlorine on vanadium-trioxide : ; 

3^0' + 6CP - V*0* + 4Y0C1*. 

(A) By burning the dioxide (Berzelius's metal) in chlorine-gas, at a red heat, a 
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greemsh^eliow vapour being then formed, which condenses to a liquid. — (y.) By passing 
chlorine -gas over an ignited mixture of the trioxide, tetroxide, or pentoxide or vana- 
dium, with charcoal, and condensing the resulting vapours in a cooled U-tube. The 
liquid 10 'fie*} fboiki excess of chlorine by passing dry air through it, or by rectifying 
it over mercury. r . . 

VanadyirfftcMoricia is a golden-yellow liquid, of specific gravity 1*764 at 20°, 
(Sc h&farik), 1*841 at 14*5° (Boscoe). Boiling-point 127 • Vapour-density «■ 
6*41 (Schafyrik), 6*108 (Boscoe); calc. (2 vols.) — 6*119. When exposed to the 
air, it emits cinnabar-coloured vapours, being resolved by the moisture of the air into 
hydrochloric and vanadic acids. With a small quantity of water, it becomes turbid, 
from separation of vauadic acid ; with a larger quantity, it forms a clear pale-yellow 
solution, which when left to itself for some time, or more quickly when heated, gives 
off chlorine, turns green or blue, and then contains vanadium-tetrachloride, or the cor- 
responding oxide, or vanadyl-dieliloride. Tho same effoots are produced on dissolving 
vanadyl-trichloride in hydrochloric acid. The recently prepared solution in hydro- 
chloric acid dissolves gold. Vanadyl-trichloride dissolves also in alcohol, the solution, 
however, being quickly reduced to a lower chloride. (Schafa rik.) 

The following experiments show that this compound contains oxygon : — (1.) Tho 
vapour, passed over perfectly pure carbon at a ivd heat, yields carbonic anhydride. — ■ 
(2.) It oxidises magnesium, converting it into magnesia. — (3.) It converts sodium into 
caustic soda. — (4.) Its vapour passed, together with hydrogen, through a red -hoi tube, 
yields vanadium- trioxide. (R o s c o o.) 

0, Vanadium -oxydichlor id e f or Vav a dvl -die Ido r ide , VO Cl*. — This compound, obtained 
by the action of zinc on vanadyl-trichloride at 400° in soalod tubes, is a light- 
green crystalline solid, having a specific gravity of 2*88, insoluble in water, deli- 
quescing on Jong exposure to the air, ousily soluble in acids. (Boscoe.) 

y. Vanad ium -oxymanoch loride, or Vanad yl-monoclUoridt , V0(J1, formed by tho action 
of hydrogen upon vanadyl-trichloride at a red heat, is a brown, light; powdery solid, 
insoluble in water, but oasily solublo in acids. (Roscoe.) 

8. Divanadyl-monochloride , V'O’CI, is also formed by tho action of hydrogen at a 
red heat. It is easily separated from the preceding compound, as it 10 a heavy, 
shining, metallic powder, resembling mosaic gold. (Boscoe.) V", 

vanadium-sulphides are known, cor- 
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responding to tho tetroxido and peiC 

The tetrasulphide or Vanadious 8U _ 

to fedness in a stream of sulphydricacitT gas. It nf black, very friable, of sp. gr. 
4*7.0, insoluble in water, aqueous hlkafis, and sulphides of alkali-metal, not altered 
^^hydrochloric or sulphuric acid, l^it converted by nitric acid into van adious sulphate. 
When heated in the air, it burns, producing sulphurous and vanadic anhydrides. 

Hydrated vanadums sulphide is obtained by dissolving a vanadious salt in excess of 
an alkaline monosulphide, and precipitating with hydrochloric acid. The precipitate 
is brown at first, but becomes black, without decomposition, on washing and drying.. 

I Vanadious sulphide unites with basic metallic sulphidos, forming salts called 
ilpho vanad i t os. Those of the alkali-metals are obtained by dissolving the 
' ated sulphide in monosulphide of ammonium, &c., or by treating a va uadi to with 
( of sulphydric acid. These sulphosalts are black in the dry state, purple-brown 
1 (like the permanganates). The other aulphovunadites are insoluble in 
l are obtained by precipitation. (Berzelius.) 

Iphide of Vanadium, or Vanadic sulphide, V 2 S*, cannot be formed in the dry 
; is obtained by dissolving the pentoxide, or an alkaline vanadate, in excess of 
ne monosulphide, and precipitating with hydrochloric acid. It is brown whin 
moist, t^ack in the dry state, but yields a brown powder. When heated in a retort, 
it Is resolved in sulphur and the tetrasnlphide ; by heating in the air, it is oxidised to 
sulphurous and vanadic anhydrides. It dissolves, with red-brown colour, in aqueous 
solutions of alkaline carbonates, hydrates, and sulphydrates. 

v Vanadic sulphide unites with basic metallic sulphides, forming the eulphovana* 
dates. Those of the alkali-metals are soluble in water, and are obtained by dissolving 
vanadium-protoxide in excess of alkaline sulphide, or by treating the alkaline vana- 
dates with earnest of sulphydric acid; in the dry way also by fitting vanadium-corn* 
pounds with alkali and sulphur. 

The Bulphovanadates or alkali-metal are brown in the dry state, red-brown in 
solution. ; Th# aqueous solution of the potassium-salt gives, with alcohol, a scarlet 
predpitm^^Mlih turns brown when washed with alcohol. — The sulpbovanadates of 
barium, calcium, strontium may be obtained as crystalline powders, slightly 
soluble in Iratsr. All the other sulpbovanadates are insoluble in water, and are 
obtained by precipitation. (Berzelius.) ^ 
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VA»ADTO. Syn. with Vanawttm-Monoxids (p. 987). 

VAVADTL-BROimDB. See Van ad run, Oxybromibk of (p. 992). 

VAVADTL-DICBZiOUSfl. Syn. with Vanadium- Oxyuhxoride (p. 993). 

VAltrADTL-TRZCBLOftZSB. Syn. with V anadium- Ox ytbichloride (p. 992). 

VANXLLA. Vanille, Vaniglia. — The fruit of Vanilla pfanifolia , a climbing 
orchidaceous plant growing wild in Mexico, Brazil, and Guiana, and cultivated in 
Jamaica, Trinidad, Mauritius, Ceylon, Java, and other tropical Countries. The poda, 
which are nearly cylindrical, five or six inches long, and a line or two thick, have a very 
pleasant aromatic taste and smell, and are often covered externally with white 
shining crystals of vanillin, which is their principal constituent. They also contain 
an iron-greening tannin, a non-drying fat-oil, wax, resin, &c. 

Vanilla is used for flavouring ices, creams, chocolate, &c. ; also in medicine in the 
form of powder and of alcoholic tincture. 

▼ANXLLXC ACXO. Syn. with Vanillin. 

VANXLLXir, C ,0 H fl O* (Gobley) ; C I7 H”0 ,a (Stokkebye), the neutral odoriferous 
principle of vanilla, was formerly mistaken for benzoic, and afterwards for cinnamic 
acid. It was first recognised as a peculiar substance by Bley (Jahresb. 1858, p. 536 ; 
1869, p. 508), further examined by Gobley (J. Pharm. [3], xxxiv. 401 ; Jahresb. 
1858, p. 534), and afterwards by Stokkebye (Jahresb. 1864, p. 612), who designates 
it as vanillic add. 

Vanillin may bo prepared by mixing the alcoholic extract of vanilla with water to 
a syrupy consistence; agitating with ether, evaporating, and treating the residue with 
boiling water ; again evaporating; and treating the resulting crystals with animal 
charcoal (Gobley). It crystallises in long, colourless, four-sided prisms, bevelled at 
the ends. It is nearly insoluble in cold water, moderately soluble in hot water, more 
easily in alcohol, other, and volatile oils. The alcoholic solution has a faint acid 
reaction. It molts at 76° (Gobley), at 82° (Stokkebye), begins to sublime at 150° 
(Gobley), and distils over with vapour of water (Stokkebye). It dissolves in 
strong sulphuric acid and in caustic potash. Nitric acid converts it into oxalic acid. 

VAFOUXS, DBNSITY OS*. See Specific Gravity (p. 366). 

VAPOURS, LATENT BEAT OF. See Heat (iii. 96). 

VAPOUR, TENBXOKT OP, See Heat (iii. 81). 

VABSC. The name applied in Normandy to the ash of seaweed, used as manuro 
and for the preparation of bromine, iodine, and potassium -salts. In Scotland the same 
substance is called kelp (p. 210). 

VAREETNA-7UXCB. Succus varennat. — The juice of Varenna poly8tacha t a 
leguminous plant indigenous in Mexico. Whon dry, it has a brownish vitroous gloss, 
and consists almost wholly of tannin. (Sonbeiran, J. Pharm. {3]rxxviii. 196.) 

VAXXOLARXA . A genus of lichens, several species of which, viz. V. dealbata, 
V. a8pargilla f V. orc'ma , and others, are used for the preparation of archil. — V.amara 
contains a hitter substance called picrolichonin (iv. 642). 

VAJUOLAXXV. The name applied by Bobiquet to a crystalline body, which he 
obtained from that portion of the alcoholic extract of Variolaria dealbata which is 
insoluble in water. It was probably lecanoric or orsellic acid. 

VASXOLXTI* A fine-grained to compact diorite, enclosing roundish lumps of 
felspar. 

VALRiacXXB. A hydrated aluminic phosphate, occurring in quartz and silicions 
shale at Mosbuch in the SaXon Voigtland. It contains small quantities of ferrous 
oxide, chromic oxide, magnesia, ana ammonia, and is apparently related to tnrquois 
(iv. 661). It is non-crystalline, has an apple-green colour, and faint waxy lustre ; 
hardness « 6*0 to 6*5. Specific gravity = 2*34 to 2*38. (A. Breithaupt, J. pr. 

Chem. x. 607.) 

. VAMXBH. Vcmis. Fimiss. — A solution of a resinous substance spread over 
the surface of wood, metal, &c., and formipg shining, transparent, hard crusts, capable 
of resisting the influence of air and moisture. The principal resins used for making 
Tarnishes are copal, anim<5, mastic, and saudarach ; the solvents are spirits of wine, 
' turpentine-oil, or linseed and other drying oils. 

Crystal varnish for maps, prints, drawings, &c. is made by dissolving Canada bal- 
sam in the best oil of turpontine. (See Ure's Dictionary of Arte and Manttfacturcs, 
iii. 940.) 
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VABOVftOSB, A substance constituting, according to Fr6my (Jahresb. 1869, 
p. 638), the principal part of the vessels of wood. It is distinguished by its insolubility 
in concentrated acids and in cuprate of ammonia, and is prepared by treating wood, 
first with dilute potash-ley, then repeatedly with hydrochloric acid, afterwums with 
cuprate of ammonia, and finally with cold hydric sulphate. 

VATBRXA, V. indica, a tree growing in Mtdabar, yields a semifluid rosin, which 
hardens in the air, and is used for making Peynio-varuish. 

TAVOVIftin. The name given by Fournet (Annal. dos Mineral. [4], xix. 
149) to a coarse-grained variety of diorite from the gneiRs of Vaugnomv (Depart, 
du Rh6ne), rich in oligoclase, blackish-green hornblende, and brown-bhwk mica. 

VAFQUBLZVB. A name originally given by Pelletior and Oaventou to strych- 
nine ; also by PallaB to a crystalline substance obtained from tho bark of tho olive- 
tree. 

VAVQtnBLnriTB. Native chromate of load and copper. (Soo Cnao mates, i. 934,) 

VBOBTABLB ALKALI. Syn. with PoTASll (p. 700). 

▼S0STA8XA ETBIOPS. A charcoal prepared by incinorating common sea 
wrack (Fueus veaiculosus) in a covered crucible. 

VBOBTABLB XVORT. This name is applied to the tugua-nuf, the fruit of 
Fkyhlephas macrocarpa , a tree growing on the borders of the Magdalen river in Co- 
lumbia, .South America. It contains about 80 per cent, of woody fibre, is very hard 
and compact, has the appearance of ivory, and may be turned in the lathe. 

VEGETABLE PARCHMENT. See Cellulose (i. 819), 

VEGETABLES, inTTRZTZOB 07 . Soo Nutrition of Plants (iv. 1 62). 

VEIN-STORES. Vhrbolite*. — Concretions found in the veins, chiefly of tho 
pelvis, and consisting of calcic phosphate and carbonate, with u small quantity of mag- 
nesia, and generally an orgauic nucleus. 

Tho term veinstone is also applied to tho mineral substances which accompany and 
often Oil close metallic oros. 

VSJffXTXAir CHALK. Syn. with Steatite. 

VKVBTZAN RED. A pigment formed of rod haematite. 

VBVZCB TZm7S»TTZXriL Sco TuurRNTiNK (p. 919). 

VBRANTIN. C u H ,0 O l ? (Schu nek, J. pr. Chorn. lix. 474.) — A substance con- 
tained in madder-root, whence it is extracted by processes already described (mi. 121, 
123). It is a reddish-brown amorphous powder, like snuff or roasted coffee. 1 Soiling 
water scarcely dissolves it, but renders it soft and coherent. It is easily soluble in Idl- 
ing alcohol ; the solution Tcddcnslitmus. It dissolves in alkalis and alkaline carbonates, 
forming dingy-red solutions, from which it is precipitated in brown flocks by acids. 
The alcoholic solution forms dark-brown precipitates with cupric and plumbic acetat es. 
Verantin also forms a stannous lake, the preparation of which is described under Ru- 
niAKiN (p. 121). Verantin does not impart any colour to mordanted fabrics. 

VERATRIO ACID. C B H'®0 4 .— An aeid existing in snbudi Ha-seeds ; discovered 
by E. Merck in 1839 (Ann. Ch. Pharm. xix. 180), further examined by Bch rotter 
{ibid, xxix. 188), and by W. Merck {ibid, cviii. 08). It is prepared by exhausting 
sabadil la-seeds with alcohol acidulated with sulphuric acid, precipitating the extract 
with milk of lime, ovaporating the filtrate, mixing the cloar solution of calcic vers* 
trate thus obtained with sulphuric or hydrochloric acid, and lea ring it in a cold place. 
Veratric acid then crystallises out, and may be purified by solution in alcohol ancf 
treatment with animal charcoal. 

Veratric acid crystallises from its alcoholic solution by spontaneous evaporation, in 
deader colourless spicules, or four-sided prisms. It has a slight add reaction ; dissolves 
sparingly in cold, more freely in boiling water; also in alcohol, especially when warm, 
but iBinsoluble in ether. At 109° the crystals give off water and become opaque ; at 
a higher temperature they melt to a clear liquid, tho acid afterwards subliming without 
decomposition. • 

Chlorine and bromine act strongly on veratric acid, forming visrid unotystallisablo 
substitution -products . The acid appears to be but slightly actod upon by oil of vitriol, 
and not at all by pentachloride of phoophortu. It dissolves in very strong nitric acid, 
and the solution, when mixed with water, deposits n i trovoratric acid, OTI^NO*)!)*, 
which dissolves easily in alcohol, aityi crystallises therefrom in small yellow lamina*, 
melting and decomposing at 190°. This compound, boiled with nitric acid, is con- 

8 s 2 
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Tertad into dinitro veratric aoid, which, however, i* diffiimi. 
mononitrated acid. (W. Merck.) ’ 10 “mWfo* * 

Veratric acid distilled with excess of baryta is resolved into an*™;., l 
veratrol: CWO* - CO* + G>H u O> (W. Merck.) bmeaob ^» B i 

Veratric acid ie monobasic.— The veralrates of the al&ali-metala are crrauilujj 
nan-deliquescent, easily soluble in water.— The lead-salt is insoluble.— The silver- Ji 
CH’AgO 4 , is a white precipitate, slightly soluble in water. 

Ethylic Vera (rate, &F(C*H*)0 , f is obtained by passing hydrochloric add gu 

into a moderately concentrated solution of veratric acid in strong alcohol, distilling 
the sutumtvd solution, treating the distillate with water, ore., as a radio-crystalline 
easily friable mass, haring a specific gravity of 1 '141 at 18°, inodorous, but haring A 
slightly bitter, burning, and somewhat aromatic taste. It is slightly soluble in water, 
easily in alcohol, and separates therefrom by spontaneous evaporation in shining 
needles. It does not volatilise without decomposition ; when heated in the air, it 
bums with a luminous Same. It is decomposed by heating with potash-ley . (Will, 
Ann. Ch. Pharm. xxxvii. i 98.) 

Syn. with Vebatbum-hbsik (p. 997). 


VBSATSIX2I. c 3 H 52 N 2 0 8 . (Meissner, Neues Journ. v. Trommsdorff, v. 3. 
— Pelletier and Caventou, Ann. Ch. Phys. [2], xiv. 69. — Couerbe, ibid. lii. 352. 
— Me rck,N. Journ. v. Trommsd. xxi. 134. — G. Merck, Ann. Ch. Pharm. xcv. 200.) — 
An organic base discovered, in 1818, by Meissner, in sabadilla-seeds (p. 141), and soon 
afterwards by Pelletier and Caventou, in white hellebore ( Veratrum album) ; it is pro- 
bably contained also in other species of veratrum. 

Preparation . — 1. The evaporated alcoholic extract of sabadilla-seeds is dissolved iu 
dilute sulphuric acid; the solution treated with animal charcoal, and then precipitated 
by an alkali (100 pts. of the seeds, thus treated, yield 9 pts. veratrine) ; the precipitate 
still containing sabadilline and other bodies, is dissolved in dilute sulphuric acid, and 
nitric acid is added as long as a black pitchy precipitate is thereby produced ; the fil- 
trate is precipitated with dilute potash -ley ; the washed and dried precipitate is dis- 
solved in absolute alcohol ; the solution evaporated ; the residue boiled out with water, 
and the impure veratrine which remains is dissolved in other, which, on evaporation, 
leaves the pure base (Couerbo). — 2. The pulverised seeds are boiled with water con- 
taining hydrochloric acid; the oxtract is evaporated to a syrup; hydrochloric acid is 
added as long as it forms a precipitato ; the filtered liquid is decomposed with excess 
of lime; the precipitate is treated with hot alcohol ; the extract evaporated; the resi- 
due dissolved in dilute acetic acid, and precipitated by ammonia ; and the precipitate is 
purified by ether. By this process, 5 kilogrammes of sabadilla-seeds yie*ld 10 to 15 
grammes of veratrine (Merck). — Delondre (J. Pharm. [3], xxvii. 417) prepares pure 
veratrine by oxhaustiug crushed sabadilla-seeds with water containing hydrochloric 
acid in a displacement-apparatus, finally washing them with water, precipitating the 
extracts with a slight excess of potash, and* heating the washed and dried precipitate 
with twice its weight of ether for four hours in a vessel which can be closed. The 
solution left to evaporato in shallow basins leaves pure veratrine. 

Properties. — Veratrine iB ordinarily a white or whitish-green crystalline powder ; 
but, by spontaneous evaporation of its alcoholic solution, it is obtained in long prisms 
with rhombic base (Merck), which effloresce in contact with the air, assuming the 
aspect of porcelain, and becoming very friable (G. Merck). It is inodorous, but tho 
smallest quantity introduced into the nose produces violent sneezing, accompanied by 
headache and general uneasiness. It is very acrid and poisonous, producing vomiting 
and purging when taken internally : 3 milligrammes of it killed a young cat in ten 
minutes. It is, however, used in medicine as an external application, and when taken 
internally, in properly regulated doses, is said to exert an antifebrile action. It is inso- 
luble in wator and alkaline liquids, very soluble in alcohol, and still more in ether (G. 
Merck). Tho solutions turn litmus blue. 

Veratrine dried at 100° gives, by analysis, 64*61 to 66*00 per cent, carbon, 8*56 to 
8*84 hydrogen, and 5 5 nitrogen (G. Merck). The formula C M H 5z N s O* requires 
84*86 <5, 8*78 H, 4*73 N, and 21*63 O. 

Veratrine melts easily when heated, and decomposes at a higher temperature; but 
by very careful heating, small quantities of pure veratrine may be sublimed without 
decomposition. £ 

Strong sulphuric arid colours veratrine first yellow, then a fine carmine-red, and 
ultimately violet; according to Vasmer (Aren. Pharm. il. 74), 1 pfc. of veratrine 
imparts an amethyst-red colour to 3,000 pts.ttf'tfce'ndd. — Strong nitric arid is coloured 
by veratrine, first scarlet, and then yellow. -Strong hydrochloric arid dissolves vera- 
trine, especially when heated, forming a deep %det solution, and separating small 
drops of oily liquid. 
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P' Ver&trine- salts. — Veratrin© dissolves easily in dilute acids, forming colourless 
Smalts, which have a sharp burning taste and poisonous action. There appear to bo two 
classes of veratrine-salts, inasmuch as Couerbe obtained crys tall i sable salts containing 
2 at. hydrochloric or 1 at. sulphuric acid to 1 at. vorutrine. whereas G. Merck obtained 
only uncrystallisable gummy salts containing half that proportion of acid. 

The solutions of veratrine- salts are inactive to polarised light. Most of them give, 
with alkaline hydrates, carbonates, and phosphates, precipitates not. perceptibly soluble 
in excess of the reagent. A solution of a veratrine-salt, mixed with tartaric acid, 
gives a precipitate with acid carbonate of sodium, but not with acid carbonate of 
potassium. The concentrated solutions give yellow precipitates with auric acid and plu- 
tinic chloride, yellowish-white with potassium-iodiao, light-rod with potassium-sulpha- 
cy&nate, kermes-brownwith tincture of iodine, sulphur-yellow with picric acid. Tinc- 
ture of galls renders the neutral solutions turbid, and on addition of hydrochloric acid, 
a copious white precipitate is fo not'd. 

Cnloro-aurata of Veratrin?., C M H &, N*0 # .HCl.AuCl*, crystallises from solution in 
hot alcohol, on cooling, in thin yellow crystals having a silky lustre, and giving, by 
analysis, 20 87 to 21*26 per cent, gold (calc. = 21*09). 

VSSATSOXh C"H ,0 0*. (W. Merck, foe . ciL ) — A compound formed by distil- 
ling verutric acid (p. 997), with excess of baryta at a gentle heat. It is a colourless 
oil, having an agreeable aromatic odour, aud specific gravity 1*086 at 16°, solidifying 
at + 16°, Hnd boiling at 202° — 205°. 

Veratrol does not appear to unite with alkaline bisulphites. It is not altered by 
alkalis or by weak acids. — With potassium it forms a gelatinous matm without evolution 
of hydrogen. — Chlorine decomposes it,- forming at first a crystalline product, converted 
by the further action of tlio chlorino into an unctuous mass. 

Bromine converts veratrol into dibromoveratrol, CllGMO*, which forms white 
prismatic crystals, insoluble in water, easily solublo in alcohol and ether, melting at 
92°, and volatilising without decomposition at a higher temperature. . 

Nitric acid acts strongly on veratrol, forming at first nitroveratrol, C"II*(NO , )O a , 
which crystallises from alcohol in yellow lam i me. lly further action of the nitric acid, 
di nitroveratrol, C"H B (N0 2 ) 2 0", is produced, which forms long yellow needles, 
sparingly soluble in water, oasily in alcohol, melting at 100°, and then volatilising 
with deeomposit ion. 

VBAATSUM. Bad. veratri , tho root of white hellebore ( V. album), is usod in 
medicine; it contains, according to Pelletier and Cavcntou, a volatile acid resembling 
sabadillic acid, also gallic acid and veratrine, together with starch, sugar, and fat; 
according to Simon, it contains also another base, called j ervine (iii. 443). 

Vcratrum Sabadilla , Retz ( V. officinale , Schlocht), yields tabadilla-seeds ( Semen 
sabadUlee). 

VES&nttrBI-RlBZV. Veratrin. (Couerbe, Ann. Ch. Phys. [2J,lii. 362.) — 
A constituent of sabadilla-seeds. When tho solution decanted from tho pitchy precipi- 
tate obtained in the preparation of veratrin after treatment with nitric acid (p. 996), 
is precipitated with potash, and the alcoholic solution of the resulting precipitate is 
evaporated, there remains a yellow resinous mass ; and on exhausting this mass, first 
with water and then with ether, veratr urn-rosin remains behind, and maybe purified by 
solution in alcohol and evaporation. This resin is said to have the composition 
C l, H M N 2 0*, but it is perhaps only a mixture. It is brown, insoluble in water, ether, 
and alkalis, melts at 185°, and decomposes at a higher temperature. It unites with 
acids, but without neutralising them or forming crystalline compounds. 

▼XKBABCUM, The flowers of great mullein ( V. Tkapsus ), which are used in 
medicine as fares verbasci , contain, according to Morin, a resinous colouring-matter, 
volatile and fat oil, togother with other constituents; according to Kossignon, the 
entire plant contains a large quantity of ammonium-nitrate, 

TIX8IVJbOX)b, from Aloysia citriodora, has a red colour, and yields, by distil- 
lation, an oxygenated oil, while the residual resinised portion gives off sulpbydric acid 
when heated (Gladstone, Chem. Sac. J. xvii, l). Respecting its specific gravity and 
optical properties, see Oils, Von n^jS (iv. 186). 

VBRDZfiEXS, Basic cupric acetate. See Acxtatbs of Coppeu (i. 14), 

VBBSnn. The commercial name of noraialcipiic acetate, CtT(C a H , 0 7 ) # (1. 14). 

VlsmoVUTfi. A ehloritie mineral from Vermont in North America, con- 
taining, according to Thomson ( Outlines of Mineralogy, i. 372), 49 08 per cent, silica, 
7*28 alumina, 16*90 magnesia, 16*12 ferrous oxide, and 10*27 water. It resembles 
scaly talc, but is specially characterised by Welling up very strongly before the blow- 
pipe, and breaking out into vermicular excrescences before it melts. Similar minerals 
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are found at Milbury in Massachusetts and at Westchester in Pennsylvania. (Hand*, 
d. Chem. ix. 214). 

VlBMnuOIT. SeeMsacuBiG Sulphide (iii. 913). 

TSBMOimTB. The name of one of the five varieties (poisonous pyrites, mis- 
pickel, vermontite, dalamite, and aconitite) into which A. Breithanpfc divides the mine- 
ral species, arsenical pyrites, on account or differences in the angles. 

vmarOlTXA. The seed of V. anthelmintica is known in commerce as Calagero . 

VZSftTZDUrZI. An organic base, not yet isolated, existing, according to C. Gr. 
Williams (Ghem. Soc. Q,u. J. vii. 97), in very small quantity, in the tar of bitumi- 
nous shale. On separating the volatile bases from the tar by the action of an acid, 
and subjecting them to fractional distillation, vertidine is found in the portion boiling 
between 183° and 210°. It imparts a fine green colour to solution of chloride of lime. 

VSSmrXASr. Idocrase. Egeran, Gokumite . Loboite. Frugardite. Protheite. 
WUuUe. Cyprine. Xanthite . — A calcio-aluminic silicate, 9(2CaO.Si0 3 ).2(2AFO*. 
3Si0 3 ), in which the lime is replaced to a small amount by magnesia, ferrous oxide, 
.and manganous oxide, and the alumina to a somewhat greater extent by ferric oxide. 
For analyses and discussion of formulae, boo Rammelsberg's Miner ale tie mie (pp. 734- 
7S9). 

Vesuvian occurs in quadratic crystals, usually exhibiting the combination P . oP . 
ooP . Poo , ooPoo , &c. [somewhat like Jig . 322 ( Cbt stalxog uafhy, ii. 160), suppos- 
ing the terminal summits very much truncated]. Sometimes crystals occur with a 
great number of secondary faces. For P, the length of the principal axis is 0-4690. 
Anglo P : P in the terminal edges <= 129° 21'; in the lateral edges = 74° 27'. Cleav- 
age indistinct parallel to ooP and coPao . The crystals usually havo the prismatic 
faces, more rarely tho pyramidal faces predominant.; they occur implanted and im- 
bedded,*intergrown, and forming aggregations of various character, from columnar or 
fibrous to granular, passing into massivo. Fracture conchoi’dal or uneven to splintery. 
Brittle. Hardness => 6 to 7. Specific gravity = 3*2 to 3-5. Colour brown or green, 
light or dark to nearly black ; alsoyollow, rarely blue. Streak white. Lustre vitreous, 
sometimes very strong on the crystalline faces; also waxy, especially on the fractured 
surfaces. Transparent to translucent on the edges only. Before the blowpipe, vesu- 
vian melts easily, and with intumescence, to a yellowish -green or brown glass; with 
borax or phosphorus-salt it exhibits the iron reaction, and with the latter a skeleton of 
silica. In its naturaL state it dissolves but imperfectly iu hydr<>chloric acid; but 
after fusion it dissolves completely, with separation of gelatinous silica. 

Vesuvian was first observed in the ancient Vosuvian lavas; it has since been found 
in serpentine, gneiss, and granular limestono. The mineral from Vesuvius has a hair- 
brown or olive-green colour ; the crystals from Ala in tho Val di Brozzo, in Piodmont, 
are usually transparent and shilling, with a greon or brown colour, rarely black. Egg 
near Christiania in Norway, the Ural, the Wilui river, near Lake Baikal, Cziklowa in 
the Banuat, and Monzoni in tho Fassa valley, are other localities. Sulphur-yellow 
crystals have been found at Monzoni. A light-brown variety occurs in Donegal, 
Ireland. The variety called frugardite comes from Frugard in Finland ; gokumite , or 
l(Mite from Gokum near Dannemora in Sweden. Liver-brown divergingcrystals, from 
Eger in Bohemia, havo been called egeran* Crystals called cyprine, of a blue tint, 
attributed to copper, come from near Tellemark in Norway y xanthite is from near 
Amity,- New York. Vosuvian is found also at many other localities in the United 
States. (Dana, ii. 199.) 

VSTCB. See Via*. 

VSTZVEB. Kus-kus. Iwarancuea -root . — The rootstock of an Indian grass, 
probably Anatkemm muricatum, and similar species, such as Andropogon Schcenanthus, 
&c. It is used in India for making mats, for window -blinds and other coverings, these 
objects, when moistened with water, exhaling the fragrant odour of the vetiver-root. 
The root contains two essential oils, the more volatile of which is lighter than water, 
the other of more viscid consistence. 100 lbs. of root of good quality yield about J lb. 
of volatile oil resembling oil of sandalwood. # 

Citronella-oil, from the leaves of Andropogon dchananikus , consists almost wholly of 
an oxygenated oil, boiling at 200°, and of specific gravity 0*8741 at 20°. Lemon-grass 
oil, from Andropogon Nardu*, if gparcely distinguishable from citronella-oil. (Glad- 
stone, Chem. Soc. J, xvii. 1.) 

▼IBVBVXC AOIB. See the next article. 

VXBtntmmC, A genus of trees and shrubs belonging to the capri foliaccous 
order. The bark and berries of the guoldcr-rose ( V. opulvs) contain valeric acid (vibur- 
nic acid). The red berries of the way faring- tree (F. Lantana ), contain, according to 
Elis (Jalircsb. 1863, p. 614), an iron-greening tannic acid, valeric, acetic, and tartaric 
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acids, a bitter principle, an acrid principle, red colouring-matter, sugar, gum, fat-oil, 
wax, resin, and chlorophyll. 

VXCZA* Vetch . — The seed of the common vetch ( Vida sativa) contains the ordi- 
nary constituents of leguminous seeds. According to Qdbel, 100 pta. of the seeds 
contain 39 pts, starch and 4 pts. gluten. Qreif found 68 pts. starch to 2 pts. gluten, 
besides sugar, albumin, &o. 

The following table exhibits the composition of the ash of three species of vetch. 
3. — HI. Seed of V. sativa. — I. according to Sprengel (J. toehn. Chem. x. 850). — 
II. according to Lewi (Ann. Ch. Pharm. h 421).— III. Vetch from Neufchatol 
(Cohen, ibid, lxxxv. 288), — IV. Straw of V. sativa . The air-dried straw contained 
10 — 12 per cent, water, 26 0 substances extractable by water, 30 7 extractable by 
potash-ley, 42*0 woody fibre, and 5*10 ash (Sprengel, J. techn. Chcm. vi. 308). — 
V. Ash of the entire plant of V. sativa . 100 pts. of tho fresh plant yielded 82 0 pts. 

water and 1*1 ash. 1,000 pts. of tho dry plant containod 2*38 pte. sulphur (Way and 
O get on, Jahrcsb. 1858, p. 661, Table fl). — VI. The tutted vetch ( V. cracca) : the 
entire plant yielded 68 per cent, water, 11*5 substances sol u bio in water, 13*8 sub* 
stances soluble in dilute potash, and 1*626 ash (Sprengel, J. techn. Chotn. viii. 355). 
— 7* Vida dwmetorum contains, in tho tluworing state, 68*0 per cent, water, 10*4 sub- 
stances Boluble in water, 11*5 substancos soluble in dilute potash-ley, and 2 25 ash 
(Sprengel, loc. cit.) :• 

Ash of Vetches. 



Vtcia ttiiwa. 

V. cracca. 

V, liumc - 
torwn. 

Seed. 

I. 

Seed. 

II. 

Seed. 

111. 

Straw. 

IV. 

Entire 

nhmt. 

V. 

Entire 
plant. 
VI. « 

Entire 

pUnU 

VII. 

Quantity of ash . 

2*29 

2*40 

6*10 

2*0 

6*60 

1 62 

m 

Potash 

301 

30*3 

35*5 

247 

32*8 

17*6 

BESS 

Soda .... 

271 

98 

, . 

13*1 


, . 

■E29 

Lime. 

7*0 

47 

38*3 

8*0 

207 

625 

683 

Magnesia . 

6*2 

8*4 

6*3 

4*8 

6*3 

8*9 

4*3 

Ferric oxide 

0*4 

07 

0*2 

0*8 

0*6 



Phosphoric anhydride 

6*0 

37*8 

5*5 



10*2 


Sulphuric „ 

2*2 

4*1 

24 

97 

26 

4*2 

Tm 

Silica . . • 

87 

2*0 

87 

1*1 

1*3 

29 

3*8 

Chlorino , . 

1*9 

* t 

a « 

. i 

, , 

2*2 

3*1 

Alumina . 

10 

4 • 

0*3 





Manganic oxide . 

0*2 


0*1 

trace 

• , 

. . 

0*6 

Chloride of sodium . 

* * 

20 

2*6 

7*5 

7*3 




According to Schwerz, a hectare yields, on the average, 1,275 kilos, of seed of 
Vida sativa (15 hectolitres), and 3,000 kilos, straw. The seed contains about 30 0 
kilos., the straw 153*1 kilos., the entire plant, therefore, 183*7 kilos, of ash-constituents. 

VXOVXTS. A mineral from the Jura limestone near Vignes, in the Department 
of Moselle in France, consisting of greenish-blue grains, bound together by a cement of 
the samo colour but different composition. The grains have a specific gravity of 37, 
and contain, according to Karsten (Archiv. f. Bergbau, xvi. 30), 41*12 percent, ferric 
oxide, 29*98 ferrous oxide, 1187 carbonic anhydride, 3*38 phosphoric anhydride, and 
2*9 water, with small quantities of silica, alumina, magnesia, and lime ; probably a 
decomposed iron-ore. 

TOLABflXTIi A hydrated magnesium-silicate, 4Mg 3 Si0‘.H*0, with small 
quantities of iron, manganese, calcium, and potassium, occurring massive, and in 
granular aggregates, at Traversella in Piedmont. (Dufr&noy, Ann. Min. [4], 
1.387.) 

vxn Boussingault (Ann. Ch. Phys. (SJ, xxx.. 389) has determined the 
quantities of mineral constituents abstracted fromthe soil by the culture of the vino. 
As the leaves are returned to the soil, the prodnefti setaally removed from the vineyard 
are limited to the wine, the lees, and the branch# out off in pruning. A vineyard of 
170 acres, in Alsace, produced, in 1848, 55*06 hectolitres of wine, containing 10*294; 
kilos, of ash (1*87 gnn. per- litre); together with 492 kilos, of air-dned lees, containing 
6 65 per cent, or 32*72 kilos, of ash ; and, finally, 2,624 kilos, of branches, with 2*44 per 
cent, or 64*03 kilos, of ash. Tho composition of these ashes was as follows ; 
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Afthof K3a VtflO. C*0. MfO. ‘ " AtfC*"" 80*, Cl. CW P*OA Sand. 

Wine (1 litre) 0*842 — -0*092 (H72 — . 0 096 trace 0 250 0*412 0*006 « 1870 

Lee* - 36*9 0*4 10*7 2*2 3*4 5*4 0 4 12*4 10*7 13*3 a 97*3 

Branch** 18*0 0-2 27*3 6*1 8*8 1*6 0*1 20 3 10 4 )0*9 a 98*7 

The following table exhibits the quantities of the several mineral constituents 
removed by the vine-culture from the 170 acres of soil (as calculated from the pre- 
ceding results,) compared with those removed by other crops grown on equal surfaces 
of land in the neighbourhood of the vineyard : 


Abstracted by 

K*0. 

Na*0. 

CaO. 

123 



Wine ..... 

11*53 

0*13 

17-48 

3*01 

6-66 

1*02 

Lees 

■TgftB 

013 

3*50 

0*72 

3*50 

1*77 

Branches .... 

464 

• • 

0-61 

0*95 

2*27 

0*63 

Total 

28*24 

0*20 

21*49 

5*58 

12*43 

3*32 

Potatoes .... 

H 

m 

| 

23*8 


Mangold-wurzel . . . 

flHRTr 



20*4 


Wheat, with straw 


■ 

H 

323*0 



Hence it appears that the culture of the vice does not remove more potash from the 
soil than that of cereals and root-crops. 

On the composition of the several parts of the vine, see Ora s so (Ann. Ch. Pharm. 
lvii. 69 ; lxii. 69 ; Jahrosb. 1847-1 848, p. 1082 ; Table B. Nos. 45—63). — On the ash of 
the several parts, also Borthier (Ann. Ch. Pliys. [3], xxxiii. 249; Jahresb. 1851, 
P* 708). • 

In the juice exuding in spring from fresh-cut surfaces of the vino, Wittstein 
(Jahresb. 1857, p. 620), found chiefly potash, combined with citric and lactic acids; 
malic acid was not present. 

VZMTBTZSr (from vinetier , the French name of Bcrhcris vulgaris ). The name 
given by Wackor to the base obtained by Pol ex from the root-bark of the common 
barberry, and by him calledoxyacanthin (iv. 288). This latter name has also been 
given by Leroy to another base extracted from the white thorn ( Cratagus oxyacantka ). 

VINEGAR. See Acetic Acid (i. 7). 

VIOLA. The fragrant flowers of the violet ( V. odcrata) are said to contain, 
besides colouring-matter, slight traces ot’ a volatile oil, two acids, one red and the 
other colourless, an emetic principle call'd violin (probably identical with emetin 
from ipecacuanha-root) (ii. 486), sugar, and other substances. The colouring-matter 
of the flowers is easily turned red by acids, and green by alkalis. The colourless acid 
called violenic acid by Peretti (Buchn. Repert. xL 130), is said to crystallise in 
silky needles, to bo soluble in water, alcohol, and ether, and to form yellow salts which 
stain the skin. 

Viola tricolor (heartsease or pansy) contains a yellow colouring-matter, resin, 
vegetable mucus, and other substances, but no violin, (B outlay.) 

VIOLA-IMBTIN. Syn. with Violin (p. 1001). 

VZO&Air. A silicate of aluminium, calcium, magnesium, and sodium, containing 
also iron and manganese, from St. Marcel in Piedmont. It occurs massive, and in 
indistinct, elongated, granular concretions, cleavable in two directions inclined at 
nearly 90°. It Ts nearly opaque, with a dark violet-blue colour, and vitreous lustre ; 
har dn ess «=? 6 to 6; specific gravity =* 3*233. (Plattner, J« pr# Chem. xv. 329.) 

VXOLAVTZN. C“N*H 6 0*. (Baeyer, Ann. Ch. Pharm. cxxvii. 223.) — A com- 
pound containing the elements of violuric and dilituric acids, and produced by their 
direct combination, just as alloxantin is formed from alloxan and dialuric acid : 

C v N , H 1 0 4 + CWHW =* C»N»H*0* 

Violuric acid. Dilituric Violin tin. 

acid. 

A mixture of the hot concentrated solutions of the two acids deposits violantin on 
cooling, in crystals containing C # N«H«0*.4H*0. Violantin is likewise always pro- 
duced by imperfect oxidation of violuric acid, or by imperfect reduction of dilituric 
acid It may also be prepared by gently beating hydurilic acid with dilute nitric acid 
(the vessel being dipped into hot water), till a yellow colouring appears on the edges ; 
on removing it, a brisk reaction sots in, and violantin separates as a yellowish-white 
crystalline body. If too little heat has been applied, the product is chiefly violurie 
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acid ; if, on the other bend, the mixture has been too strongly heated, dUiturio aad is 
the principal product. 

Violantm dissolves in voter, but is resolved at the same time into violurio and 
dili tunc acids. The same decomposition takes place on heating it with solutions of 
salts of the stronger acids, a diiiturate of the base being then separated, and violurio 
acid re m ai nin g in solution. On heating it with acetate*, both diiiturate and violurate 
of the base are produced, the less soluble diiiturate separating out, but in most cases 
strongly coloured by adhering violurate. From a mixture of equal parts of alcohol 
and water, violantm may be partly crystallised without decomposition. — Ammonia-gas 

colours violantin blue ; aqueous ammonia decomposes it into violurate and diiiturate. 

Sulphydric and hydriodio acid easily reduce violantin to uramil. 

Dry violantin heated to 120°, decomposes immediately through the entire mass, 
giving off gas, and leaving a brown substance which dissolves with red colour in 
caustic potash, 

VZOLUTZO ACID. See Viola (p. 1000). 

VXO&1T (AJfZUira). Hofmann ’* violet consists of triethylrosaniline (iv. 
471). According to Du prey (Bull. Soc. Chim. 1807, i. 95), it maybe rendered 
soluble in water by decomposing the hydriodate with boiling caustic soda, and redis- 
solving in an acid. Poirrier and Chappat {ibid, I860, ii. 502) describe methods of 
preparing violet dyes from methyl-, ethyl-, and amyl-aniline, without first preparing 
rosaniline. Lau th {ibid. 362) prepares methylanilino-violot by simply heating certain 
salts of methylanilino. Thus, when a mixture of 10 pts. methyl am lino, 3 pts. hydro- 
chloric acid, and 200 pts. sand, is heated to 100° — 220°, and the crude product ex- 
hausted with water, a solution is obtained having a very deep and puro violet colour. The 
colouring-matter contained in it may be purified from a trace of tarry matter, by pre- 
cipitating with an alkali or alkaline salt, and mlissolving tho precipitate in water. A 
second precipitation yields the rru-t hy land ine- violet quite pure, and in tlje form of a fine 
green mass, which constitutes the commercial product. A similar product is obtained 
by subjecting methylanilino to the action of powerful oxidising agents, such as cupric 
nitrate, mercuric acetate, &c. 

VZOLZV, or VZO&A-aaUTZir. An emetic substance contained, according to 
Bo allay, in all parts of the common violet. It has not been obtained pure, and is, 
perhaps, identical with emetin from ipecacuanha-root. 

VZOLXN1. This name wasgivon by Pri c© (Rep. of Patent Inventions, Feb. I860), 
to a blue precipitate obtained by treating aniline with sulphuric acid and peroxide of 
lead. 

VZOLVBIO ACXD, C^NW, or Nitroaobarbituric acid, C 4 N*II»(NO)«0*. 
(Baeyer, Ann. Ch. Pharrn. cxxvii. 200.) — An acid produced: — 1. By tho action of 
nitric acid, nitrous acid, or & motallic nitrite on hydurilic acid : 

C*N 4 H*0« + HNO* = C 4 N»H*0 4 + C 4 N*H*0* + H*0. 

Hydurilic Vlolurlc acid. Alloxan, 

acid. 

C»N 4 H«0* 4* KNO* + 2HNO* - C'NMO 4 + C*N H 2 0* + 2IPO + IPO*. 

Hydurilic Violurate of Aliuxan. 

acid. poUustum. 

2. Together with other substances, by the partial reduction of dilituric acid, (C 4 N*H*CF), 

as when that compound is cautiously heated with glycerin, or when ferrous diiiturate is 
reduced by solution of potassium-cyanide. 

To prepare it, hydurilic acid is warmed with water and nitrate of potassium, whereby 
deep-blue violurate of potassium is formed, the quantity of which may bo increased by 
alternately adding small quantities of acetic acid (to neutralise free potash, which 
would exert a decomposing action) and nitrate of potassium. After filtering off tho 
mother-liquor, the violiirat© of potassium is washed with a small quantity of water, 
mixed in hot solution with chloride of barium, and the precipitated violurate of barium 
is exactly decomposed by dilute sulphuric acid. The filtrate evaporated at 60° — 70°, 
yields pure viol uric acid (about J of the hydurilic acid used), 

Violuric acid crystallises in shining, yellowish, rhombic octahedrons, containing 
C 4 N a H*0 4 .H 7 0. They give off their water of crystallisation at 100°, dissolve with 
moderate facility in cold, more easily in hot water ; the solution is not precipitated by 
alcohol, 

Violuric acid soon turns mouldy in aqueous solution, and decomposes at the boiling 
heat ; the dry acid likewise decomposes when strongly heated, giving off red fumes.-— 
Nitric acid converts it into dilituric (nitrobarbituric) acid . — Bromine con verts it, in 
aqueous sedation, into alloxan- bromide or dibromobarbituric acid, and 
hydrobromic acid, with evolution of red vapours : 
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a0 , JH t B\N0)O• + 4&* + IPO 

Vlohirlc 

acid. 


2&N*R*Br*0 9 + 4EBr + 

Dlbromobarbiturio 
acid # 


Heated with chloride of lime, it yields chloropicrin. — Heated with caustic potash-ley, 
it gives off a small quantity of ammonia, and is converted into hydro violuric acid) 
a compound not yot examined,— Violuric acid heated with soda-dime, gives off all its 
nitrogen in the form of ammonia. 

Reducing agents, such as oulphydrio , hydriodic acid, &c^ convert violuric acid into 
uramil (amidobarbituric acid) : 


C*N 2 H*(N0)0» + 

Viol uric 
acid. 


2H 2 S 


C 4 N 2 H*(NH 2 )0* + S* + H*0. 

Uramil, 


With sulphite of ammonium , it forms sulphuric acid and thionurate of ammo- 
nium. — With dilituric acid it unites directly, forming violantin. 

Violurate s. — Violuric acid is monobasic. It decomposes acetates, but not chlorides. 
Its salts are distinguished by tho great beauty and variety of their colours. 

Violurate of Ammonium, C'N s H 2 (NH 4 )0 4 , crystallises in fine, dark-blue, anhydrous 
prisms, — Tho potassium-salt, C 4 N 8 H ,J K0\2IT*0, forms doep-bluo laminae or prisms, 
which dissolve in hot more easily than in cold water, forming a deep-blue solution! 
At 115° — 120°, the salt gives off its water, and becomes greenish-blue. The solution 
mixed with excess of potash, turns red, perhaps from formation of a basic salt. A 
solution of potassium-violurate in hot concentrated hydrochloric acid deposits, on 
cooling, tho compound 2(KCl.C*N 8 H 8 0 4 ).HC1.6H a 0, in large, colourloss, shining, 
efflorescent prisms, easily soluble in water, sparingly in alcohol. At 100°, these 

crystals give off water and hydrochloric acid, leaving the compound KC1.C I N 8 H 8 0 4 . 

Violurate of sodium forms red nodules composed of short needles, easily soluble in hot 
water. ” 

Violurate of barium , C 8 N 8 H 4 Ba''0 8 .4lI 2 0 l is precipitated by chlorido of barium 
from a solution of the potassium-salt, in red shining quadratic tables, which are nearly 

insoluble in cold water, and give off all their water of crystallisation at about 230° 

Tho calcium-salt forms brick-red crystals. — The cupric salt is an amorphous olive- 
green precipitate.-— Ferrous salt. Violuric acid added to forrous acetate forms a dark- 
blue solution, from, which alcohol precipitates ferrous violurate in six-sided tables 

with red metallic lustre ; they dissolve easily in water, forming a dark-blue solution. 

The lead -salt, C 8 H 4 Pb"N 2 0*.4H 2 0, is obtained, by double decomposition, in small rod 
crystals, becoming dark-red when dry. A reddish basic salt (containing 68 per cent, 
loud, and 0*6 hydrogen), is formed by precipitating tho potassium-salt with basic 
acetate of lead. — The magnesium-salt , C a H 4 Mg''N fl 0 B .6H 2 O, separates, on cooling, from 
a warm mixture of magnesium-acetate and violuric acid or tho potassium-salt, in hard, 
shining, purple-red, rhombic cystais, becoming dark-red when dry. — The silver-salt is 
a violet gelatinous precipitate. 

VZRatWIA CRSBPEfi. Ampclopsis hedcracea. Vitis hederacea , L. Hcdera 
quinguifolia , Du Roi, — The leaves of this plant, which turn red in autumn, contain a 
red colouring-matter, called by Wittatein cissotannic acid, which may be extracted 
by alcohol. 100 pts. of the fresh loaves yielded 1*56 per cent, ash, containing in 
100 pts. : 23*9 K 2 0, 12*0 Na 2 0, 20*2 CaO, 8*0 MgO, O'l A1 2 0*, 0*6 Fe a 0 8 , 3*1 SO*, 
16*1 P*O a , 6*0 SiO 2 , 10*0 CO*, and 1*8 Cl (Wittstein, Buchn. Report, xevi. 318). — 
The berries contain malic, tartaric, and citric acids (Riegel, Arch. Pharm. r2l. Iv 
163.) L J 

VXXOZBrxo ACID. An acid obtained, according to Quevenne (J. Pharm. 
xxii. 449), by heating the fat-oil of the Virginian senega-root to 200°. It is described 
as a reddish-yellow oil, having a strong odour and sharp taste, soluble in alcohol, 
ether, and alkalis. 


VXRZD1 JERXS. Syn. with Verdigris. 

vzsxszc ACID. C ,4 H l4 0* (?) (Rochle der, Ann. Ch. Pharm. hriii. 198.)— An 
acid produced by the oxidation of caffetannic acid in presence of ammonia. Coffee- 
beans owe their green colour to a small quantity of calcic viridate. To prepare tho 
acid, the solution obtained by decomposing caffetannate of lead (i. 709) with sulphy- 
dric acid is supersaturated with ammonia, and left in contact with the air for thirty- 
six hours, till it Acquires a deep-blue colour ; then mixed with excess of acetic acid, 
which colours it brown ; then with alcohol, which precipitates a few black Docks (of 
ulmous substance). The liquid filtered from these Docks is precipitated with acetate 
of lead, and the blue precipitate of lead-viridate is decomposed by sulphydric acid. 
The brown solution thereby obtained leaves viridic acid, on evaporation, as an amor- 
phous mass of the Bame colour, and very soluble in water. The solution fo rms a blue 
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precipitate with acetate of lead, greenish-blue with baryta-water, and is instantly 
coloured deep-green by ammonia, potash, or soda. Viridic acid dissolves in strong 
sulphuric acid, forming a solution of a fine crimson colour, from which water throws 
down a blue flocculent precipitate. 

▼ZUDIN. Syn with Chlobophtll. 

▼nUDZVB. C l *H ,B N. — A base obtained from coal-tar. Specific gravity «• 1*017. 
Boiling-point 230°. Slightly soluble in water, easily in alcohol and ether. — The 
platinum-salt, 2(C , *H , *N.H01)PtCl\ is greenish-brown, insoluble in alcohol and in 
ether. — The mercuric edit crystallises from water, and melts at 35°. (Thenius, 
Jahresb. 1861, p. 503.) 

VZRO&A TALLOW. Tho fat of Viroki sebyfera, Aubl. {Myriatica eeb{fcra t L.), 
a tree indigenous in Carolina and Guiana. It iB obtained by boiliug tho shelled and 
bruised almonds with water ; has a yellowish colour, melts at 40° — 50°, dissolves in 
alcohol and ether, partly also in ammonia, and is slowly but completely saponified by 
potash. (Bonastre, J. Pharra. xix. 180.) 

vzaojurrscszar. The portion of crude viscin which is insoluble in alcohol and 
ether, and, according to Beinsch, forms tho chief constituent of bird-lime (i. 689). 

▼S8CB3TXI. An oil obtained by the dry distillation of viscin. 

VISCXC ACID. See tho next article. 

VZ8CZN. A substance which forms the glutinous constituent of tho stalks, loaves, 
and especially the berries of the mistletoe ( Viscum album), and is the principal con- 
stituent of bird-lime. It is also cuntainod in tho receptacle and floral envelopes of 
Atractylis gummifera (Macaire, J. pr. Chum, i. 415); in the bark of the holly ( Ilex 
aqmfolium) (Boui ilon-Lagrango) ;• in the milky juice of Ficus religioea (Nees v. 
E sen beck), and in the glutinous substance which coats the branches of Rotinutvieeom . 
(Vauquolin.) 

Crude viscin Ij obtained by bruising the finely- scraped bark of tho mistlotoo, and 
kneading it with wafer as long as anything is thereby dissolved. A yellow, very viscid, 
and glutinous mass then remains, containing (besides woody fibre, partof which may be 
mechanically removed), pure viscin, a waxy substance soluble in alcohol, and a mass 
insoluble in alcohol and ethor, cal ltd vi scautschi n. To obtain puro viscin, the crude 
mass is bo i h?d several times with strung alcohol; the undissolved portion macerated 
five or six times with ether, at ordinary temperatures, for twelve hours ; and the residue 
left on evaporating the ethereal extracts is kneaded first with alcohol, as long as this 
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Viscin thus obtained is clear, colourless, nearly inodorous, and tasteless ; has ciio 
consistence of honey at ordinary toraporatures ; may bo drawn out into very fine 
threads; has the same density as water ; becomes more fluid at 30°, and at 100® is os 
fluid as oil of almonds, and makes a greasy stain on paper. It has an acid reaction. 
(Hoi nsch.) 

Viscin is decomposed by dry distillation (tho boiling-point rising from 210° to 
above 275°), a mobile oil called visceno first passing ovor, then a greenish oil, and 
afterwards a crystalline) buttery mass, whilo a black substance resembling asphalt 
remains in the retort. 

Vi scene is a very mobile yellowish oil, of specific gravity 0*85, and distilling 
almost completely at 226°. When mixed with soda-ley, it solidifies to a crystalline 
pulp, which, when distilled with water, gives off a fragrant oil called yiscinol, while 
the remaining impure sodium-salt contains an acid called viscic acid, which, in the 
free state, is an oil having a strong acid reaction, and a faint odour like that of ongfolie 
acid. (Hein sob.) 

Viscautschin is contained in the portion of crude viscin which is insoluble in 
alcohol and ether. To purify it, the residue is repeatedly treated with rectified oil of 
turpentine, which leaves woody fibre undissolyed ; the solution is mixed with water, 
ana evaporated ; the clear yellowish residue is treated with ether, in which it now 
dissolves ; the ether is evaporated ; and the residue is repeatedly washed with alcohol, 
and dried at 100°. 

Viscautschin has a density of 0*978. It is extremely viscid and glutinous, being, in 
fact, the substance to which bird-lime owes its adhesive properties. At 120° it has 
the consistence of olive-oil. Crude viscin contains about 0*6 pt. viscin, 0*2 viscautschin, 
and 0 3 waxy matter. (Reinsch.) 

▼ZSCZNOL. See the last article. * . 

▼HOOftHKlTBS. This name isgiven by Dollfas to an apparatus for measuring 
the viscosity of colouring liquids thickened with gum, &c., by comparing the tats re- 


[oo4 

qsmdbfB given quantity of the liquid to pass thwugh a certain aperture, with 

required by an equal quantity of water* 

ttSCVMf* TlieJe&resand/oui^bJancbesoftlieiBJstfetevf/^Mafamqmttiii 

(according to Wine tier) \ besides viscin, about IS’ 7 per cent uncrystallisable sugar, 
5 S fat-oil, together with tannin t gum , &c., and a email quantity of a volatile odori- 
ferous principle. m . 

The asli of the leaves and branches contains, according to Fresenms and Will, 
and according to Re uling, the constituents given under a in the following table, 
C. Er dmaan found in the leaves, 62*5 per cent, water and 3*85 ash, containing the 
constituents given under b ; in the stalks of a mistletoe growing on an. apple -tn* 3 
he found 56*6 8 per cent, water and 1*9 ash, composed as under c * Reinsch found 
the ash of the stalks and leaves of a mistletoe growing on a Scotch fir, to contain, 
in 100 pts., the constituents given under d. The bark of the stem contains white 
▼iscin, gum, sugar, albumin, tannic acid, pectin, and similar substances (Reinsch); 
the ripe fruit contains resinous substances (bird-lime), gum, wax, &c. : — 


Ash of Mistletoe. 


K z O. 

Na»0. 

CaO. 

MgO. 

Fe"'PO«. 

p*o\ 

SO 3 . 

CO*. 

so*. 

Cl. 

NaCl. 

a. 35*3 

, , 

19*4 

19*5 

1*8 

16*6 

1*4 

13*1 

1*6 

, . 

1*0 

b. 19 7 

4*3 

22*6 

9*3 

1*6 

16*4 

2*0 

16*8 

1*2 

0*8 


c. 20*1 

41 

22*2 

9 7 

1*6 

16*3 

20 

157 

1*0 

0*8 


d. 22*0 

8*8 

21*7 

117 

6*6 

14*1 

17 

15*8 

17 

0-6 



VXTBLLXV. This name was given to the albuminoidal Bubstance of the yolk of 
birds* eggs, now known to be merely a mixture of albumin and casein. 

VZTfiX, The seed of Vitex Agnus castus is said to contain a peculiar bitter prin- 
ciple called castine (i. 814), a volatile acrid substance, a large quantity of free acid, 
and fat-oil. In Greece, the fresh and rather unripe berrios are said to bo added to the 
must of the grape, to render the wine more intoxicating, and prevent it from turning 
sour. (Landerer, Buchn. Repert. liv. 20 ; lxxxi. 229; Buchn. N. Repert. iii. 392.) 

VITIS. See Vine and Virginia Creeper (pp. 999 and 1002). 

VXTRZ1TOPAX. Vitrite . — The mutrix of Bohemian pyrope, related to pitchstone, 
and containing, according to Wertheim, 83 72 per cent, silica, 3*58 ferric oxide, 7 57 
lime, 0*67 magnesia, and 11*46 water. (Handw. d. Chem. ix. 288.) 

VITRIOL. An old name for sulphates, still frequently used in commercial lan- 
guage, the several vitriols being distinguished by their colours, or by the metals which 
they contain : e.g white or zinc -vitriol, blue or copper- vitriol, red or cobalt-vitriol, 
green or iron-vitriol, lead-vitriol, nickel-vitriol, &c. Ferro so-cupric sulphates, obtained 
in tho preparation of cupric sulphate on the largo scale from ferruginous materials, are 
known as Admont, Bayreuth, and Salzburg vitriols (p. 593). 

V1TXZOL, OIL 02*. Concentrated sulphuric acid. 

VXTRZOL-O CHXfl (the Pitticite of Beudant) is a basic ferric sulphate found 
in the copper-mines of.Fahlun in Sweden. It contains 15*9 per cent. SO 1 , 62*4 Fe 2 0% 
and 217 water - 2Fe 2 0*S0\6H*O. 

VZTRXTB. Syn. with Vitrinopax, 

vmttrw ARTIMOirn. An oiysulphide of antimony, formed by fusing 
tetroxide of antimony with sulphur (i. 328). 

VIVXAiriTfl. Native ferrous phosphate. (See Phosphates, iv. 564.) 

VOLCRW1RTT1. See Htdbotalcite (iii. 219). 

VOOLXTI. A carbonate of uranium, copper, and calcium, occurring at Joachims- 
thal in Bohemia. (See Carbonates, i. 798.) 

VOXOTZTB. A micaceous or chloritic mineral, occurring in the graphic granite of 
Ehrenberg, near Emenau, in the Thuringian Forest, forming green soft laminae, mostly 
turned brown by weathering. Specific gravity «= 2*91. It gives off water when 
heated, and before the blowpipe, exfoliates strongly, turns dark-brown, melts easihr to 
a black glass, and gives with fluxes tho reactions of iron. It is easily decomposed by 
hydrochloric acid, forming a yellow solution, with separation of tumefied silica. 
Awarding t6 Schmid (Pogg. Ann, xcvii. 108), it contains 33*02 per cent, silica, 13*08 
alumina, S3* I^^rric oxide, 7*28 magnesia, 1*99 lime, *96 soda, and 9*52 water. 

Calcio-cupric vanadate. (See Vanadium, p. 991.) 

VOX&haTTB. Selenide of sulphur, from Vulc&no, one of the Idpaxi Islands, 

VOUHttlTS. Antimonic hydrate, SHHD.SbW, or Sb^HW, occurring as a 
white nowdes or crust with cervantite (i. 524), and resulting from its alteration. 
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VOlffAHOMSTBI* A peculiar rheostat or current-regulator, invented by 
Jacobi. (Pogg. Aun. UxTiii. 173). 

VOLTAIC moxttcm. See Elkctricitt (ii. 414). 

VOLTA1T1. A ferroso -ferric sulphate, containing alumina, occurring at the 
Solfatara, near Naples, in opaque octahedrons and other monometric forms, having a 
resinous lustre, dull green brown or black colour, and greyish-green streak. Accord- 
ing to Abich (Berg. u. hiitt. Zoitung, 1842, No. 17), it contains 48*32 peroent. SO\ 
2-20 Al a O*, 17*65 Fe*0* 11-6 FeO, 4*04. K*0, 6*25 Na*0, and 15*94 water, whence 
liammelsberg deduces the formula 3($F« w .lK‘)SOV2(|Fe.jAl) "(SO 4 )*. 12 11*0, — A 
similar mineral, containing manganous as well as ferrous oxide, has been found by 
Ulrich at the Rammelsberg mine, near Goalar in the Harz. 

VOLTAMITBft. An apparatus for measuring the force of au electric current 
by the quantities of hydrogen and oxygen evolved iu the electrolysis of water. (See 
Elkcthicitt, ii. 433.) 

VOLTZnr or VOLTZZTB. An oxy sulphide of zinc, Zn*S 4 0, occurring in 
implanted spherical globules at Rosi&res in Puy-do-Dome, and at the Elias mine near 
Joachimsthal in Bohemia. Hardness ■» 4 5. Specific gravity ■» 3*66. (Fournet; 
Ann. Ch. Phys. [2], xli. 426. — Landocker, Jahrb. geol. Reichsanstalt, iv. 120.) 

VOX.I71KZ!. The volume of a regularly-formed body may bo calculated from 
measurements of its linear and angular dimensions. The volume of on irregular body 
may be found from its weight and specific gravity — that is to say, the weight of a 
unit-volume. If to be the weight of the body in grammes, and t its specific gravity, 

the fraction gives its volume in cubic centimetres. 

The capacities of vessels are determined by filling them with water or mercury from 
a measuring tube or other vessel, whoso capacity is previously known, or, when very 
great accuracy is required, by determining the weight of water or mercury at tho 
standard temperature which fills tho vessel. The capacities of wooden vessels may bo 
estimated with sufficient accuracy, for commercial purposes, bv filling them with 
measured quantities of sand or fine-grained seeds, taking care to snake tile vessel from 
time to time, so that tho grains may lie closo together. 

The volume of a large cavity, or vessel full of water, might in some cases be con- 
veniently determined by dissolving a known weight of a soluble substance in the water, 
say 1 kilogramme of common salt, agitating tho water to secure uniformity, and then 
analysing one litre of it. If this litro were found in the above case to contain one 
grammg of salt, it would bo apparent that tho cavity or vessel contained 1,000 litres 
of wat er. 

VOLVMB, ATOMIC or BFBCZTXC. (Bee Atoxic Volume, i. 440.) 

VO&VMnOMaTBX, or BTBBIOMITIS. These names 
are applied to instruments for measuring the volumo of avolid body by 
the quantity of a liquid or of air which it displaces, and fchenco also deter- 
mining its specific gravity. A vory simple apparatus of this kind was 
used by Playfair and Joule in their experiments on atomic volumes 
(Chem. Soc. Mem. ii, 477). It consists of a globular flask provided 
with a narrow neck, about twelve inches long, and graduated from 
below upwards to indicate grains of water. The flask has a tubulure, 
accurately fitted with a ground stopper, for admitting tho solid body to 
be measured. The instrument being filled to the mark 0° on the 
neck with water, oil of turpentine, or other liquid which does not act 
upon the solid, it is inclined on one side, the stopper removed, and the 
solid body carefully introduced. The stopper is then replaced, and the 
number of divisions through which tho liquid is raised in the stem gives 
at once the volume of the body in grain-measures. Any other unit of 
graduation might of course be adopted. 

The stereometer, invented by Captain M. K. Bay, of the French 
Engineers, for determining the specific gravity of gunpowder, is an 
instrument which measures the volume of a body by the amount of air 
which it displaces. 

Tho simplest form of this instrument is shown in Jiff. 820, where AB is 
a. uniform graduated glass tube, open at the bottom, and communicating 
by a small hole with the gloss vessel AE» which can be dosed air-tight, 
by a piece of ground plate -glass, F. The instrument is immersed 

in a cylindrical glass vessel, full of clean mercury. If, now, AB be' ; 

{dunged into the mercury up to A, the zero of the scale, and the upper: 

end of the vessel AC be then closed air-tight, we may, by again raising 

the tube, diminish the pressure on the air within by the weight, of a measurable 

column of mercury ; we also loam the increase of the volume of the ptr, provided we 


Fig. 820. 
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biO’T the capacity of the dirisf ons of the tube AB, whfeh we shall mimat h 
suppose that, os the tube being raised, the menmiy within stands at c*^' ■ ?'* 
si H then JJwJ&tbe oriisarp barteaetrie ftassniy of the atmaphen at thT^ 
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//- (?P (fodiasjjs now tie pimstne on tie sir mti/k If# ie tie capacity of tbi 
vessel AjS, down to the zero A, we find that — 

Under the pressure h t the air within has the volume u ; 

„ „ A— CD „ ‘ »■ u + voLAC. 

Hence, by the law that the volumes of gases are inversely as their pressures, we 
find — 

u 


Fig. 


tu 


h - CD „ A -CD, , r 

j — , or « = — — y-- VOL AC. 

h CD 


u + vol. AC 

Now, if we place any object, as sand, gunpowder, a soluble salt, &c., having the total 
volume v, in the vessel AC, we may proceed, as before, to find the volume «-t> of air 
still remaining in AE; and as u is already known, we thus find v, in 
cubic inches. From, the volume v, the weight of the objects in AE, and 
the weight of a cubic inch of pure water at 60°, we may, by a simple 
calculation, find the specific gravity of the objects. • 

The stereometer has been rendered much more accurate and convenient 
by Prof. W. H. Miller, whose form of the instrument, as employed by him 
in finding the specific gravity of standard weights not allowed to l>e 
weighed in water, we will now describe, referring to the Phil. Mag. 
[1834] v. 203, and Phil. Trans. [1856] cxlvi. 799. 

It consists of two glass tubes, PQ, DB (Jig . 821), of equal diameter, 
communicating with each other at their lower ends, which are cemented 
into the oblong piece of iron, QB. Below the ends of the tubes are holes 
concentric with the tubes, that below PQ being closed by the screw K, 
while below DB is the stopcock L. On the upper end of PQ is the 
metallic cup F, which may be closed air-tight by the plate of glass E, 
smeared with lard. The tube PQ is accurately marked with a scale of 
centimetres, and the fractional parts of the divisions may bo read off by 
the ivory scale S, a centimetre long, dividod to every fifth of a millimetre. 
Some contrivances of Prof. Miller for avoiding error of parallax in this 
reading need not here be described. 

To use this instrument, the object experimented on is placed in a cup 
within the vessel F ; and mercury is poured into the tube at D, until both 
tubes are nearly full, and the surface in PQ stands exactly at zerc^ of tho 
scale. The plate E is now placed air-tight upon F, which being accom- 
plished, tho stopcock E is opened, and mercury is allowed to run out, 
until the difference of altitude of the mercury in the two tubes is nearly 
equal to half the height of the barometer at the time. Suppose tho mer- 
cury in PR now to stand at the point M, and in DB at the point C; then 
the pressure within F is less than tho atmospheric pressure by tho weight 
of the column of mercuiy, MC, which corresponds to tho column of mer- 
cury, CD, in the simple form of instrument above described (fig. 820). 
Hence, by tho formula already given, wo may find the volume of air 
within F, occupied or unoccupied by other objects. This is on the con- 
dition, however, that we know the volume PM, and it is necessary to 
determine accurately the capacity of the divisions of the tube PQ by the 
usual method of filling it with mercuiy, and weighing the portions as 
they run out, corresponding to given lengths of the tube. To facilitate 
this operation, F may be unscrewed, and the stopcock L substituted; and 
the instrument being inverted, mercury may be poured in through a tube- 
funnel at the opening K. 

The results of this instrument are much affected by changes of tem- 
perature, and will be uncertain and inexact, except m the hands of a 
skilful and careful operator. Actual readings of a good barometer at the 
time are also necessary. (See Babohbteb, i. 509.) W. S. J. 

and VOLZm. Syn. with Volthh and Voutsitb. 

Sjn. with Lazulith (iii. 477). 

A massive dark-brown variety of serpentine from Monzoni 
in the Flemser valley* Tyrol: specific gravity = 2 45. (Oellacher, J&hrb. geol. 
Reichsanstalt* 1867* p. 258.) 

VOftOlfX. This name was given by Delesse to a green felspar from the porphyry 
of the Vosges, and from the gabbro of Mont Gen£vre. Rammelsberg has, however, 


shown that it is merely a decomposed labmdorite. 



l^t^tSATION—VULPULTN. JOW 

f VVMMURBATZOir. The process of combining caoutchouc with sulpjiur, at 
high temperature, whereby It acquiree increased elasticity (I. 739). Oils heated with 
sulphur likewise form more or less tenacious and elastic masses; and Perra has 
shown (Compt. rend, advii. 878), that linseed-oil heated with chloride of sulphur 
yields a product of this nature, which he calls vulcanised oil. 100 pts. linseed- 
oil heated with 25 pts. chloride of sulphur (saturated with sulphur), yield a product of 
considerable hardness, though not so hard as ebonite. It is opaque, brittle when cold, 
permanent in the air ; withstands the action of dilute mineral acids and alkalis, but is 
decomposed by them in the concentrated state; turns brown at 120°, and decomposes 
at a somewhat higher temperature ; becomes strongly electric by friction. 

VUJLOAJTITJB, or IBOM1TI. Hardened caoutchouc. 


VULFXO AOXS. C W H'K>» — An acid occurring in Cetraria vulpina (Lichen 
t wtpinus, L.), a lichen which grows in Norway, and is there collected for mixing with 
nux vomica, as poison for wolves. It whs first separated by Bebert (Ann. Oh. 
Pharm. ii. 342), — who called it vulpulin, — but in an impure state, so that it was 
regarded by Berzelius as identical with the colouring-matter of Parmelia parictina, 
and was afterwards mistaken for chrysophanic acid, till its true composition was 
demonstrated by Streckor and Mbiler (ibid, cxiii. 68), who designated it vul pi c 
acid. It is very much like usnic acid (p. 670), from which it differs only by the 
elements of 2 at. water. 

To prepare vulpic acid, the lichen is macerated with 20 pts. of lukewarm water, and 
a little milk of lijno for six hours, and then strained; the residue is again exhausted 
with 10 pts. of warm wator; the united extracts are slightly supersaturated with hy- 
drochloric acid ; and tho yellow fiocculent precipitate, consisting of vulpic acid con- 
taminated' with resin and chlorophyll, is purified by recrystallisation from strong 
boiling spirit or from ether. 100 pts. of tho lichen yield about 12 pts. of the acid. 

Vulpic acid separates from its ethereal solution on cooling, in transparent yellow 
needles; by slow evaporation it is obtained in well-defined, bulky, transparent, mono- 
clinic crystals, having nearly the colour of rhombic sulphur. It is nearly insoluble in 
water even at tho boiling heat, dissolves with difficulty also in boiling absolute alcohol , 
and separata's for tho most part on cooling ; moro easily in ether, but most abundantly 
in chloroform, which might therefore bo advantageously used for extracting it from the 
lichen. It melts at a temperature ahovo 100°, and solidifies in tlie crystalline form 
on cooling. At a stronger heat it decomposes, leaving a small quantity of charcoal, 
and giving off a yellow smoke, which condenses partly in brown drops, partly as a 
yellow powder. 

Vulpic acid boiled with excess of jtotaah-lcy, of specific gravity 1*06 to 1*16, is re- 
solved into oxatolylie acid (iv. 287), carbonic anhydride, and mothylic alcohol: 

C t9 H M 0* + 3H*0 - C^-O 9 + 2CO* + CH«0. 

Vulpic add. Oxutolylic Mrthvllc 

ncid. Alcohol. 

But when boiled with baryta-water, it undergoes a different decomposition, yielding 
alphatoluic acid (p. 863), oxalic acid, and mothylic alcohol: 

C I *H ,4 0* + 4H*0 - 2C # H*0 1 + C*H*CM + CH«0. 

Vulpic Alphoiolulc Oxalic Mothylic 

acid. acid. acid. alcohol. 


Vulpates. — Vulpic acid is monobasic. The vulp&tes of the alkali-metals and 
alkaline earth-metals are soluble in water, and are easily obtained by treating tbs 
acid with water and alkaline hydrates or carbonates. The other vulpates are in- 
soluble, and are obtained by precipitation. ' 

Vulpatc of ammonium, C ,9 H ,, (NH < )0*.H 2 0 l forms yellow crystals, which dissolve in 
water and in alcohol, give off ammonia and water when heated, and are then no longar 
perfectly soluble in water. — The barium-salt, C B *H M Ba"0 l# .2H , 0, is obtained by tofflng 
vulpic acid with water and barium-carbonate, and separates from the filtrate onseoling, 
in light-yellow needle-shaped crystals; but by recrystallisatkm from alcohol, it Is 
obtained in orange-yellow needles containing a different amount of water.-— The potas- 
sium-salt, C l, H l, KO i .H*0, crystallises in light-yellow needles, somewhat sparingly 
soluble both in water and in alcohol. — The stiver-salt, C'^H^AgO, is a yellow easily 
decomposible precipitate, which dissolves in ammonia, and likewise in boiling water, 
though in the latter case with partial decomposition. It blitckens at 100°, but without 
mnch loss of weight. 


Anhydrite from Vul pi no, near Bergamo. 
u !svn. with Vuxpic Aero. 
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WAOXI. Syn. with G-rattwACXS (ii. 842). 

WAl>. A term applied to ores of manganese of variable composition, consisting 
mostly of mixtures of tho sesquioxide and dioxide of manganese. (See Manganese, 
iii. 813.) 

VAOITS. A mineral from Nischni-Jagurt in the Ural, containing 26 0 percent, 
silica, 66*9 zinc-oxide, 4 - 7 water, and 1*65 lime, together with traces of copper and iron, 
closely allied therefore to hemimorphite, but containing somewhat less water. It forms 
crystalline coatings of bluo to green colour ; hardness » 5*0, and specific gravity ■■ 
2*707. (Badoszkowski, Compt. rend. liii. 107.) * 

VAOmUUTB. Phoephatofluoride of magnesium, found in the valley of Hollen- 
graben in Salzbuig. (See Phosphates, iv. 669.) 

VAXVA, The Chinese name of a yellow dyestuff consisting of the undeveloped 
flower-buds of Sopkora japonica. 

WALCHOWXTS. Ectinite from the coal-mines of Walchow in Moravia (p. 98). 

WALD HEX MITE. A green mineral resembling actinolito, frgm the serpentine 
of Waldheim in Saxony, containing, according to Knop (Ann. Ch. Pharm. cx. 360), 
65-68 per cent, silica, 10-65 magnesia, 10*84 lime, 12*64 soda, 6*66 ferrous oxide, 0-36 
manganous oxide, and 1*72 alumina. Hairiness =» 5*0. Specific gravity =* 2*957. 

WALL LXCHBN. Parmcliu parietina. (See Lichens, iii. 587.) 

WALNUT. Juglans regia . — The green shells of tho fruit of this tree contain, 
according to Braconnot, a peculiar bitter principle, together with citric acid, malic 
acid, tannin, &c. According to Buchner, the alterable constituent of the shells and 
leaves of walnuts is not tannin, but a peculiar acid, j ugland i c acid, which, in contact 
witli the air, is converted into a neutral brown insoluble substance called j uglandi n 
(iii. 444). 

The ripe kernels contain 4 0 to 50 per cent, of a fat-oil, having a yellow or greenish- 
yellow colour, a mild taste and odour, and a specific gravity of 0-96. It solidifies at 
—27°, dissolves sparingly in alcohol, and dries easily in contact with the air. According 
to Saussure and Hermann, it contains from 79 to 80 per cent, carbon, and 10-6 to 11*0 
hydrogen. 

According to Vogel and Eeiachaucr (Buehn. Beport. v. 106; vi. 1), fresh 
walnut-shells contain a peculiar principle, which they call mucin (iv. 143). 

The ash of the wood, bark, and leaves of the walnut-tree in spring and autumn has 
been analysed by Staffel (Ann. Oh. Pharm. lxxvi. 379) ; that of the nuts themselves 
Jky GHasson (ibid. lxi. 343) : 


Ash of the Walnut-tree. 


• 

Wood. 

B*rk. 

Leaves. 

Nuts. 

Ash jMTOqpt. of fresh 

Spring, 
t 0-90 

Autumn. 

1*47 

Spring. 

1*38 

Autumn. 

368 


BB 

0*67 

of dry 


2-98 

8*75 


7*72 

7*0 


Pet^S^^v3> ' '• ^"V ’ . 

ww 

14-9 

44*6 

11*0 

420 

25*5 

27*1 

IJtaivv.' W ' *> 


65-9 

18-4 

70*1 

26-9 

63*6 

21*6 

Hmeftia . • . 

■FffB 

81 

7’2 

10*5 

4*8 

9*8 

7*7 

AJuimna -• * • 

1 1 U | 

* • i 

. . 

0-3 

0*2 

0*06 

Ferric oxide • • , 

WTM 

2*2 

0*8 

0*4 

0 4 

0*5 

07 

Sulphuric anhydride • 

4-9 


4*4 

0*1 

2*6 

2*6 

2*3 

Silicic n J * 

2*4 

mTm 

2*7 

0*7 

1*2 

2*0 

1*1 

'Phosphoric • 

149 

mt'-rwm 

19-9 

6*8 

21-1 

4*0 

35*6 

Chloride of potassium 

mm 

0*6 

1*9 

0*9 

| 10 

1*7 

0*8 


Several preparations from the leaves and young shells of the walnut are used in 
medicine ; th/oil of the nuts is used chiefly as a condiment. (Handw.d. Chem. ix. 566.) 
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VAftWXCXZTB. A minoral occurring at Warwick in New York, in dark-brown 
or iron-black, indistinct, monoclinic crystals, of specific gravity 3*0 to 3*3. According 
to Shepard (Sill. Am. J. xxxiv. 313 ; xxxvi. 85), it contains 27*33 per cent, fluorine, 
61*71 titanium, 7*14 iron, 0*80 yttrium, and traces of aluminium. According to 
L. Smith {ibid. xvi. 203) it contains 20 per cent, boric acid. 

WASBnraTOVZn, Titaniforous iron, from Litchfiold, Connecticut (p. 847). 

WA81TB. This name was given by Balir (Popg. An. cxix. 672; Jahrcsb. 1863, 
p. 199) to a mineral resembling orthite, from llensholm, an island near Stockholm, 
which he supposed to contain the oxide of a new metal, was ium ; subsequent experi- 
ments, however, have led him to regard thin supposed new oxide as most probably iden- 
tical with thorina (Ann. Oh. Pharm. cxxxii. 227 ; Jahxosb. 1866, p. 207). The so- 
called wasite contains alumina, ferric oxide, ytbria, thorina, the oxides of cerium, 
lanthanum, didymium, and manganese, lime, and alkali. 

VA8ZUM. Soe tlie last article. 

WATBft. Synonyms, Wasscr. Eau. Aqua. 5Swp. Symbol, IFO. Molecular 
weight, 18. — This substance, which plays so important a part in most terrestrial 
phenomena, was long regarded as an element or simple substance. Towards the egd of 
the last century, howevor, the observations of Cavendish on inflammable air furnished 
the material by which Lavoisier was enabled to show that water is a compound of 
two distinct elementary substances, and thus to supply an important feature of the 
chemical system he had introduced. (S*ns Gas, i. 780 ct scq.) 

Water occurs universally on the earth in one or other of tho physical states which 
it is capable of assuming. As a liquid it constitutes the great mass of the oceans, 
seas, rivers, lakes, &c., which cover upwards of three-fourths of tlie earth's surface. 
Water also issues from the interior of the earth at many places as springs (pp. 1014, 
1015). In the solid state, as ice and snow, it occurs permanently in the polar regions, 
and in lofty mountain districts, and periodically in tho tempemto zones. In the state of 
vapour it occurs invariably as a constituent of the aerial envelope of the earth, and to 
an extent determined by the temperature and othor local conditions. (Atmospheric, 
i. 437, and Clouds, i. 1027 cl seg.) Water-vapour also occurs abundantly in tho exha- 
lations of volcanoes, during eruptions, and is continuously ovolved from the interior of 
the earth at many places, as in Iceland and ut the solfatara and fiumsrolea in tho 
neighbourhood of volcanoes. 

Water also occurs mechanically disseminated throughout tho mass of tho strata 
underlying tho earth’s surface, sometimes in considerable proportion, and oven tho 
most compact rocks contain a sensible amount of water. In many solid minerals and 
organic substances it also exists in a state of combination, sometimes to the extent of 
40 or 60 per cent, and upwards. Thus allophane contains about 40 per cent, of water, 
chabasite contains 20 per cent., and brown iron ore 15 percent, of water. Living plants 
and animals contain from 80 to 00 per cent, of water. 

l'ropcrtiec . — Pure water is perfectly free from taste and smell, and within a rangoof 
temperature between 0° and 100° C., under tho ordinary atmospheric pressure, it is ia* 
transparent, almost colourless liquid. Tho slight blue colour of water may l>e observed, * 
as pointed out by Bunsen (Ann. Cb. Pliann. Ixxii. 44), by looking at a shining white 
object through a column of pure water 2 metros long, contained in fr tube blackened 
inside. 

The density of water in the liquid state is about 770 times as much as that of at- 
mospheric air, and is greatest at a temperature of about 4 U C. ( ~ 39*2° F.) (Hbat, 
iii. 58 et scq.) Taking the density at this temperature as unity, it is 0*999$77 at 0° 
C., and 0*999107 at 15*5° C. The density of water is always taken os the standard M 
comparison in reference to which the densities of other solid and Inpiid snhsftaifrm iinn 
expressed (see Specific Gravity, p. 357 et seg.). In the Umt^yp^udMgi'' 
density of water at the temperature of 60° F. ( * 1 6*6° 0.) is 1 1 i l^i ai w 1 1 , mi 

the continent the density of water at the temperature of 4° 

adopted as unity. A cubic centimetre of pure water at this tompinLrure,. liSdjindiira 
pressure equal to a barometric column of 760 millimetres of mnplnr — 29*922 inches 
— weighs 16*432349 grains or 1 gramme, which is the unit of weight in the metric 
system. 

The following table (p. 1010) gives the weights of certain volumes of water in terms 
both of the metric system and of the system of weights and measures used in the 
United Kingdom. 

Water is slightly elastic. By an increased pressure of one atmosphere its volume 
is reduced to the extent of *000045 (Oersted), or *000047 (Kegnault), and under a 
pressure of 200 atmospheres its volume is said to be reduced (Perkins^ Glib. Ann. 
Ixxii. 173; Pogg. Ann. ix. 664). The compressibility increases as the temperature 
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Grains. 

Cubic centimetres 
at 4 ° C. 
grammes. 

Cubic Inrhes 
at 62° F. 

1 

15*432349 

1 

*061027 

252*456 

16*3861759 

1 

7000* 

454*3457969 

27*727 

70000* 

4543*457969 

277*276 

436,496* 

28315* 

1728* 



rises. Thus at 0° C. it amounts to *0000503 ; at 10-8° to *000048; at 35° to ’0000456, 
and at 63° to *000041. (Grassi, Ann. Ch. Phys. [3], xxx i. 437. See Elasticity, 
ii. 370.) 

Taking the volume of water at 0°C.as unity, it expands to 1*042986 when heated to 100 u 
C. (Kopp), and to 1*1016 when heated to 156*8°. (Mendelejeff. — See Heat, iii. 58.) 

Water has a high capacity for heat, and its specific heat is taken as the standard of 
unity in reference to which the capacities of other substances for heat are expressed. 
(Heat, iii. 34 ) 

Water is a very bad conductor of heat ; hut when heat is applied to water from below 
t.he portion which is boated expands, and thus becoming specifically lighter, rises 
to the surface, while the colder and denser portion sinks, and is in its turn heated, 
until the whole mass acquires a uniform temperature. (Conduction of Heat, 
p. 73.) 

At the temperature of 0° C. water becomes solid or freezes, and at the same time ex- 
pands considerably. In that state it presonts as ice crystalline structure, and as snow 
crystalline forni9 belonging to the hexagonal syatom, which are derivatives of therhom- 
bohedron and six-sided prism. 

Ice is colourless or slightly blucisb, and transparent when it has been formed from 
water perfectly at rest. Its density is less than that of water at O ’ C., or about 0* 9*20 
(Du four, Compt. rend. lvi. 1079. — Duvernoy, Pogg. Ann. cxvii. 454). Consequently 
ice always floats on the surface of water, and since water attains its muximum density 
at the temperature of 4° above the freezing-point, it follows that when the water of 
lakes, rivers, &c., is cooled below that point, the colder portion remains at the surface, 
and when it roachos the freezing point, is thero converted into ice, while the water below 
remains at 4° C. 

The expansion which takes place in the freezing of water, to the extent of nearly ~ 
tho volume of the water, frequently causes the bursting of pipes' and other vessels, 
and it is a powerful agent in the disint egration of rocks. (See Hkat, iii. 78 ft srq.) 

Water contained in closed vessels and in a state of perfect rest may be cooled to — 10° 
or — 13° C. without becoming solid, and then on the slightest agitation it suddenly soli- 
difies. (HEAT.'iii. 75.) 

The conversion of water at 0° C. into ice is accompanied by liberation of heat, and 
iiHifoe melting of ice heat is absorbed or rendered latent to the same extent, without 
raising the temperature of the water above 0°, so that by applying heat to a mixture of 
ice and water, the temperature is not raised above 0° until after nil the ice has been 
melted. The quantity of heat absorbed or liberated in the melting of ice or freezing of 
water is sufficient to raise the temperature of an equal weight of water to the extent of 
79*2° C., so that when 1 pound of ico is mixed with 1 pound of water at 79*2°, the ice is 
molted and the whole of the water has a temperature of 0° C. (Heat, iii. 77.) 

‘.The melting point of ice is reduced slightly below 0° C. by increase of pressure to 
£hi*extent of 0*00747° C. for each additional atmosphere. (Mouason, Ann. Ch. Phys. 
[3Vlvi. 2o^^Bse.HKAT, 76.) 

*wi at* ravaporates at all temperatures when in contact with atmospheric air or other 
gases, ancLthe, vapolfefchus formed has a density and tension determined by the tera- 
pswwnrajjfffe Heat^P|. 81, 93). This evaporation takes place only from the Burface, 
jtaKtp an jfiattent proportionate to the volume, temperature, and diyness of the air with 
wh$h the ‘Crater is in contact. In a confined space this evaporation ceases when the 
air becomes saturated with water- vapour. In the open air it proceeds more rapidly 
in proportidb.vto the extent of surface exposed, and when tho air, which has become 
saturated With vapour, is constantly replaced by fresh air. Consequently a rapid cur- 
rent of air favors evaporation. 

Under the ordinary atmospheric pressure — 760 mm. or 29*922 inches— water boils 
at the temperature of 100° C., And is converted into upwards of 1600 times its volume 
of vapour. When the pressure is reduced to near a vacuum, the boiling point is lowered 
to nearly 0°C. ; and it^ rises when the pressure is increased, as shown in the following 
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tabid of the results obtained by Arago and Dulong (Ann, Ch. Phys. [2], xliii. 
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Pressure 
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Tempera- 

ture. 

Pressure 
In Atmo- 
spheres. 

Tempera- 

ture* 

1 

100° 

5 

153*1 

12 

1900 

25 

226*3 

1*6 

112*2 

6 

160*2 

14 

1972 

30 

236*2 

2 

121*4 

7 

166*5 

16 

2036 

35 

244*8 

3 

135*1 

8 

1721 

18 

209-4 

40 

262*5 

4 

145*4 

10 

181*0 

20 

214 7 

45 

205-9 


The boiling point of water under the ordinary pressure is slightly influenced by the 
nature of the vessel in which it is heated, and by the state of its surface. Thus in 
vessels of glass or porcelain, with very smooth surfaces, water boils 1 or 2 degrees 
higher than in metallic vessels with a rough surface. (See Hkat, iii. 87.) 

The conversion of water into vapour is always attouded with absorption of heat. The 
quantity of heat absorbed or rendered latent by water at 100° 0., in becoming vapour 
at the same temperature, would raise the temperature of water 6*37 times as much 
from 0° to 100° C., so that when one pound of water vapour at 100° C. is mixed with 
6*37 pounds of water at 0° C., the vapour is condonsed and the 0*37 pounds of water 
have a temperature of 100° C. (See Hkat, iii. BG ct urg.) 

Water- vapour is colourless and transparent, and becomes visible only when pmp 
tially condensed, as in the case of steam escaping into the atmosphere. The specific 
gravity of water-vapour at 100° C. is 0-G22, as compared with air at the same tem- 
perature, and as compared with air at 0° C. it is 0 456. 

Water is a very efficient solvent, so much so that there are very few substances, 
solid, liquid, or gaseous, which are not to some extent capable of being dissolved by 
water. Many substances, however, can bo dissolved by water only in such minute 
proportions that for most purposes they may bo regarded os practically insoluble. Thus 
calcic carbonate is generally classed among insoluble substance ; but since it dissolves 
in from 10,601? (Free emus) to 30,000 parts of water, it must bo considered as a 
soluble substance, so far as relates to the character and contents of natural waters, 
since the above proportion amounts to at least 2*5 grains per gallon, and especially 
siuco calcic carbonate in gome form or other is bo frequently a constituent of the strata 1 
with which water comes in contact* 

The solubility of different substances in water is very unequal. Some arc readily 
soluble, and require only small proportions of water, others are but sparingly aolublo. 
Generally the solubility of any particular solid or liquid substance is increased in pro- 
portion as the temperature is raised. (See Hkat, iii. 79; and Solution, v. p. 349.) 
Hut there are many exceptions to this rule ; thus cold water dissolves calcic sulphate 
in larger proportion than water at 100° C., and water at 120° C. does not dissolve 
any. Water at 0° C. dissolves nearly twice as much lime as water at 100° C, ^ 

In the case of gases, the amount capable of being dissolved by water is very much 
dependent on the pressure. Under tne oniinary pressure it is generally larger in 
proportion as the temperature is lower. Thus water at 0° C. dissolves 08*61 times its 
volume of sulphurous acid gas, while water at 24° C, dissolves only 31*8 times its 
volume. There are, however, exceptions to this rule ; between the temperatures of 0 Q 
and 25° C., water dissolves a constant amount of hydrogen, or 0*0193 of its volume, 
(Gases, Absorption of, i. 791 et seq.) 

When the solution of a solid substance in water is not accompanied by chsmjsiA 
combination, there is veiy often a reduction of temperature produced, Mftetimes to a 
considerable extent. (See Heat, iii. 79, 80, and 112.) The solution or *£ases, on t&e 
contrary, is generally attended with increase of temperature, partly in consequence of 
the change of state in the gas. _• # „ 

Aqueous solutions of solid substances have a higher densityf$&ui water f and, for 
any given substance, the density is proportionately higher according to the ftmonntof 
substance in solution. The water-solutions of certain liquids and gases are also denser 
than water ; but in many instances the density of such solutions is less than that of 
water. For some purposes the degree of density of water-solutions of tty particular 
substance affords a sufficiently accurate indication of the amount of such substance in 
the solution, as in the case of sugar, sods, sulphuric add, hydrochloric acid, ammonia, 
alcohol, dec. 

The freezing-point of water-solutions is lower than that of water : thus sea-water 
freezes lees readily than fresh water. When dilute solutions freeze, pure ice is formed, 
and thus the solution is concentrated. In cold countries salt is often obtained in this 
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way. A solution containing 10 per cent, of common salt freezes at —6° C. ; one with 
10 per cent, ammonium-chloride freezes at —6*5° C. ; one with 43 per cent, crystallised 
calcic chloride freezes at —10° C., and a saturated solution of calcic chloride freezes 
at —21 °0. (Hud or f, Poggend, Annal. cxiv. 63.) 

The boiling-point of water is raised when it contains solid substances in solution, 
and to an extent proportionate to thq amount of substance in solution. (See Heat* 
lii. 89.) Liquid and gaseous substances dissolved in water sometimes cause a rise and 
sometimes a depression of the filing-point. 

Certain liquids when mixed, with water form two solutions which do not mix, each 
liquid acting as a solvent to the other ; thus water dissolves 10 per cent, by measure of 
ether, while ether dissolves about ^ of its bulk of water, and when water is mixed 
with more ether than it can dissolve, these saturated solutions are formed in two 
separate layers. 

The saturated solutions of solid substances which are capable of crystallising 
deposit these substances in a crystalline form when the water is evaporated, and 
the crystals thus produced are generally larger and moie regular when the evaporation 
goes on slowly, and without , disturbance of the liquid. ( Crystallisation, ii. 114 
etsea.) 

Water, in its chemical characters, ia a remarkably neutral substance, the relatively 
basylous and chlorous characters of its constituents being so nearly compensated that 
it i'S capable of assuming either relation according to tho nature of the substance with 
which it reacts or combines. Its basyl constituent may be replacod, either by a 
basylous or chlorous substance (Metals and Metalloids, iii. 937), so as to produce 
a groat variety of compounds whoso constitution is rofcrrible to the typo of water. 

Water, though itself an eminently neutral substance, often exercises an important 
influence in determining the chemical activity of othor substances, not only as a solvent 
by rendering one or more of tho substances concerned in a particular reaction, liquid, 
and in so far more susceptible of chemical action, but also by taking part in the reac- 
tion itself ; thus, for instance, concentrated sulphuric acid and iron present no reaction 
oven when heated to the boiling-point, and this is also the case with concentrated nitric 
acid, and the metals tin, load, and iron. Wlion water is added, however, vigorous 
chemical action is at once set up, and in numerous other instances the presence of 
water, in some condition, is essential to chemical action. The chemical processes 
taking place in the orgauisms of plants and animals require the presence of water, and 
in the alteration of minorals it is equally necessary, both as the solvent of products 
of decomposition, and as the medium for rendering efficient tho carbonic acid, oxygen, 
&c., by which alteration is produced. 

Composition. — The composition and constitution of water have already been treated 
of. (Hydrogen, Oxides of, iii. 195.) 

Decomposition . — Water may be decomposed in various ways ; viz. 

1. With liberation of both constituents. 

By Heat. — Grove first observed that water is decomposed by heat. Leville con- 
siders that this decomposition (disassociation) takes pi aco between 1000° and 2000° C., 
and that at a lower temperature the greater portion of the gases again combine to- 
gether. ^ , 

^By Electricity. — When two platinum-plates are immersed in & vessel of water, 
slightly acidulated with sulphuric acid to increase its conducting power, and these 
plates are connected with the poles of a voltaic battery, hydrogen and oxygen gases 
are evolved at the surfaces of tho plates. If these gases are collected in two glass 
tubes filled with water and inverted over the platinum-plates, the volume of the hy- 
drogen gas evolved at the one plate will be found to be exactly double that of the 
ox^geu gas evolved at the other plate, except in so far as the greater solubility of oxygen 
gas m water affects this relation. (Electro lysis, ii. 432 tt seq.) 

2. With liberation of one constituent only; — 

The metals of the alkalis and alkaline earths decompose water at the ordinary tem- 
perature, disengaging* hydrogen and form'ng oxides. Many other metals decompose 
water or water-vapour in the same way at temperatures varying from 100° C. to a 
white heat. Others do not decompose water under the influence of heat alone . — Tram 
and many other metals decompose water at the ordinary temperature, only in the 
presence of an acid. — Zinc and some other metals decompose water under the influence 
of heat, and in the presence of an alkali. 

Carbon also decomposes water- vapour at a red heat, yielding hydrogen, some ear?, 
borne oxide, and a little carburotted hydrogen. 4 

Some of the lower oxides decompose water, or water- vapour, with evolution of hy- 
drogen, either at the ordinary temperature or with the aid of heat . — Hydrated stiiriou* 
oxide decomposes water in presence of acids or ammonia, forming silicic acid.—® 
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Carbonic oxide decomposes water-vapour at a red heat, yielding hydrogen and carbonic 
acid. 

Chlorine decomposes water under the influence of lights and water-vapour at a red 
heat, with formation of hydrochloric acid and liberation of oxygen. Water-vapour 
heated to redness with bromtne-wpour m excess, is decomposed in a simitar maimer. 
This decomposition is not efibeted by iodine . 

8. Both constituents enter into other combinations - 

Phosphorus heated with water in presence of up alkali deGompoa$| it, with for- 
mation of phosphoretted hydrogen and hypophdiphorous acid. ^According to 
Schonbein, water is decomposed when boiled in contact with nitrogen 'gas, nitrous 
acid and ammonia being formed 3 

2H’0 + 2N - (NH 4 )NO* 

Many chlorides and bromides decompose water, forming oxides and hydrochloric or 
hydrobromic acid. Thus phosphorus chlorides yield, with water, phosphorous or phos- 
phoric acid and hydrochloric acid : 

PCI* + 3IF0 - 3HC1 + PH 8 O s ; and PCI* + 4H*0 « FH*0* ♦ fiHCl. 

Some metallic chlorides are decomposed by contact with water, forming oxy- 
chlorides and hydrochloric ncid. ( Antimony, i. 818, 327, and Bismuth, i. 691.)-— 
Aluminic and magnesia chlorides decompose water when their solutions are boiled, 
yielding alumina or magnesia, whilo hydrochloric acid oseapoB. , 

Many metallic chlorides, bromides, and iodides decompose water- vapour with the 
aid of heat, yielding the corresponding oxides and hydrochloric acid. Certain metallic 
sulphides decompose water- vapour in a similar manner. 

Arsenious acid and sulphurous acid decompose water in presence of chlorine, with 
formation of arsenic acid or sulphuric ncid and hydrochloric acid. 

Certain oxides decompose water, with formation of a product containing the elements 
of both substances. Thus sulphuric anhydride and water yield hydric sulphate ; calcic 
oxide and water yield calcic hydrate : 

SO* + H*0 - SH’O 4 , and CaO.H’O « (WO*. 

Production. — Water is formed whenever hydrogen-gas, or a combustible substance 
containing hydrogen, is burnt in oxygen or atmospheric air. (Hydrogen, iii. 192; 
Fubl, ii. 722 ; una Ekkmacausis, ii. 497.} Water is also produced when hydrogen, or 
organic and other substances containing hydrogen, are exposed to a bright red heat in 
contact with easily reducible metallic oxides or other substances capable of yielding 
oxygen under those conditions. (Oxygen, iv. 308,) - 

Combinations. — Water enters into combination with other substances in various 
ways. In some of the compounds which it forms, water exists as such, while others 
more probably contain only its elemonts in the same relative proportion as in water. 
(Hydrates, iii. 179 ; Atomic Weights, i. 458 et seq.) 

With many aalino and other aubstancos, water combines in definite equivalent pro- 
portions, producing com pounds which are sometimes capable of assuming regular crys- 
talline forms. In such cases it exists as water of crystallisation, and flic crystalline 
form of such substances is gpsontially connected with the nmountof water they contain. 
The amount of water which may be contained in crystallised substances varies from 1 to 
24 atoms, and the same substance may combine with water in several different proper- , 
tions. Thus borax, crystallised from solution at the ordinary temperature, is combined 
with at. of water, and when crystallised between 60 0 and 80° C., it is combined with 
2 at. : in the one case it forms oblique rhombic prisms (2NaHB*0* + 9aq.) ; in the other 
case, octahedrons (5TaHB x 0 4 24aq.j. Sodic carbonate crystallised from solution at l ho 
ordinary temperature forms rhomboidal prisms (Na i CO a 4- lOaqA at a higher tempera- 
ture it crystallises as Ha 4 00* + 8aq., or as Na ? CO* + 6aq., and from a boiling solution 
it crystallises as Na*C0” + laq. in rectangular tallies. 

The presence of water -M crystallisation combined with a salt, often influences its 
colour; thus anhydrous cupric sulphate is white, while the crystalline salt Cu^SO 1 + 5uq. 
is blue. Anhydrous wicket sulphate is yellow and the crystalline salts are green. 
a v ln some cases, water of crystallisation is so feebly combined tbat it is gradually 
•operated when the substance containing it is exposed to dry air. (Efflorescence, 
4i. B§2.) Water of crystallisation is always expelled by heat, and generally at a tem- 
perature of from 100° to 120° C. Some crystallised substances require a higher tem- 
perature ; but in any case the crystals become opaque and friable iii proportion as the 
water df crystallbaridn feeXgplJSd, and at last disintegrate and fall to powder. Cer- 
tain substances retain a ponton of their ' water of crystallisation more tenhcionsly than 
the rest, -Thus cupric sulphate retains one molecule of water when dried at 100°, 
and. dimmwt 0. (Hydrates, iii. 180.) go *| w fc^mn 
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loses 10 at. water at 120°, and the Remaining 2 atoms arc not separated under 200° 0, 
Water of crystallisation may also be abstracted from crystals by immersing them in a 
liquid which attracts water but does not dissolve the substance. Thus alcohol ab- 
stracts water from crystallised sodic sulphate, and oil of vitriol abstracts it from 
cupric sulphate. 

Substances containing water of crystallisation frequently melt with ease when heat ed, 
and then become solid again after the heat is maintained some time, and the water of 
crystallisation has been evaporated. 

Many amorphous substances also contain water in n state of combination similar to 
that in which it exists in crystals. 

Substances which are very soluble in water often attract water from the atmosphere 
to such an extent as to form a solution, and are then called deliquescent, as for instance 
calcic chloride. ( 1 ) k i,iqtj es ck nc u, ii. 309.) Many insoluble pulverulent substances 
„ also attract water from the air in the same manner, as for instance cupric oxide, silh a, 
&c., and are termed hygroscopic. Organised substances, such as wood, hair, &e. f have 
the same property (Hyouometry, iii. 233), Some liquids have the same property, as 
for instance sulphuric acid. 

Natural Water. — The constant evaporation from the surfaco of all masses of 
water exposed to the atmosphere, the diffusion of the water-vapour throughout the 
atmosphere, and its subsequent condensation there to the liquid or solid state, give 
rise to an incessant circulation of water, which enables it to play an important part in 
a variety of natural phenomena. Of the total amount of condensed atmospheric vapour 
falling upon the surface of continents and islands, a certain portion, which varies in 
different localities according to the relative permeability and configuration of the snp< l> 
fi trial strata, is absorbed and penetrates downwards, until it reaches a less perinea Mr, 
.stratum, above which it accumulates, and taking an underground course, determin* d 
by the inclination of the strata, towards some point where they crop out again at a lower 
level, reappears at the surface as springs along the line of outcrop. It is there dis- 
charged into, or forms the source of a stream, and thence flowing along the surface, 
such streams unite to form a river, which finally falls into the sea. If tho perineal do 
or “ water-bearing” strata do not crop out again at the surface, but dip down under 
others which are impervious, the water they absorb may penetrate to very considerable) 
depths, and will not then reappear at tho surface as a spring, unless it meets with 
a fissure thro ugh which it may bo forced upwards— either by the hydrostatic pressure 
of tho water in tho upper extremity of the water-bearing^ strata, or by some other lbrco 
acting from below — or unless tho overlying strata arc bored through so as to form ail 
artificial spring. (See Akthsjan Wicli.s, Urcs Dictionary of Arts, Man ?f fact arcs, and 
Mi nr s, i. 192 et srq.) 

As a consequence of the remarkable solvent power of water, it takes up whatever 
soluble substances it may meet with in each stage of its passage from tho state of 
vapour in tho atmosphere to its discharge into tho sea. (Gkui.ogy, Chkmistuv ok, 
ii. 834 ct seq.) For this reason natural water never occurs absolutely pure, and having 
regard to this circumstance, the different kinds of natural water may be classified 
under the heads of rain-water, spring-water, river-water y and sea-water. 

Rain-water approaches nearer to absolute purity than any other kind of natural 
water. When collected in suitable vessels, it contains t only such dissolved substances 
as it can derive from the atmosphere. Tiiesq consist, chiefly of atmospheric gases — 
oxygen, nitrogen, and carbonic anhydride, together with organic substance, and parti- 
cles of dust and such other mechanical admixtures as are sometimes present in the air 
about towns, factories, &c. (ArMosiurF.KK, i. 439 et #e$.) 

The total amount of gases dissolved in rain water is about 26 cubic centimetres 
per litre. Tho ratio of the oxygen to nitrogen by volume is greater in this gas than in 
atmospheric air, on account of the greater Solubility of oxygon in water. (Atmo- 
sj’Hkuk, i. 137. — G asks, Ausouptiox of, ii, 7pt>.) Analysis has given tho following 
percentage results by measure : 

Baiimert. ‘ . PeUgot, 

Oxygen 337 

Nitrogen .... 64*5 66*4 

Carbonic anhydride • 1*8 , 2*4 

Rain-water probably always contains mimmia to some extent, either as carboftrife 
or combined with other acids. The amount is greater just after the commencement of 
rain than when it has continued for a long tithe. Bpussingault found *00 1 grin, per 
litre in rain-water collected in Paris, and in that collected in the country only *00079 
gnu. per litre. Pew he found to contain from *001 to 'OOBjpixt, per litre. In water con- 
densed from fog he found *0497 'grm., and on another oceasibn in Paris *1378 grin, per 
litre. . Barral found from -002 to *003 gnn. per litre in rain-water collected^ in Pam 
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(Anti. Ch, Phys. [3], xxxix. 257; xl. 129). In rain-water collected nt Lyons, 
IJiueuu found as much as *03 grm. per litre. The amount of ammonia in rain is also 
much larger in summer than in w inter. 

Xilric acid is commonly present in rain-water, chiefly in combination with ammonia. 
The amount varies considerably, and is greater in rain falling duriug thuiider-tiorins. 
]{oussingault estimated the average amount at *0002 gnu. per litre. In rain-water, 
collected during a hail-storm in Paris, he found 05o grm. per litre, and in the molted 
hail '083 grin, per litre; on other occasions from *0004 to *0021 grin. per litre in rain- 
water, from *0003 to *004 grm. per litre in snow-water collected in Paris, and in water 
condensed from fog *0101 grm. por litre. In the country (Alsace) he found in rain- 
water from 00004 to *00028 grm. por litre ; in that collected during a thunder storm 
•0021 grin, per litre; and in water condensed from fog, from *0004 to *0018 grm. per 
litre. — Barral found from *002 to *030 grm. per litre in rain-water -collected iu Paris. 
The amount is less after rain has continued for some time, and it. is generally greater • 
in summer than in winter, (Compt. rend, xxxiv. 283, 824 ; xxxv. 427 ; xlvi. 1 123, 

1 175.) 

Hitrous acid is also present in rain-water, and according to .Srhonbein, minium ia- 
nitrito is formed by the direct combination of nitrogen with water. Lavres, ti ilbert, and 
Way estimate the average amount of nitrogen contained in rain-water, as imimmiiu, 
nitrous and nitric acid, at about *985 grm. per litre. (See Iterant of the lJrit. Assoc, 
for 1854.) 

Rain-water perhaps always contains a small amount of organic mh»tauc?. % in must*. 
ijuem-P of which it readily becomes putrid when kept sumo time. .Angus tfmitli 
found 0 01 grm., Marchaiict *024 grm., and Chatin ■«).'» grin, per litre. 

Sulphuric acid is often found in the rain-water falling in towns, and near fuel ones 
wliere sulphurous gas is generated and discharged into the atmosphere. A. Smith 
found *1 grm. per litre in rain-water collected at- Manchester. 

ltain- waiter sometimes contains a very small amuunl. of hydrochloric acid, sodio or 
calcic <dd.oride» % and other saline $ubslunc<.s. lJarral found the im in-wat. r collected in 
Paris gave, on evaporation to dryness, a residue mmumling to t>22 grm. per litre, mid 
that, collected in the neighbourhood of Paris *0078 grm. per litre.— A. 8niith also 
found a minute quantity ofcosil-ash in rain-wafer collected in Manchester. 

Rain-water is stated by some observers to contain iodine. (Clint in, Corn pi . rend, 
xlvi. 399 ; L 420 ; li. 490. — -March and, ibid. xlvi. 800. — Be Luca, ibid, xlvii. (114 ; 
xlix. 170; li. 177.) , 

Springw water, whether derived from natural or artificial springs, nr from wells, 
always contains a very much larger amount of dissolved substance tbqil rain-water 
does, in consequence of its having been for some Lima in contact with strata from 
which it has extracted various <w mst i turn Ls, partly by its ow r u solvent action, and 
part ly by the aid of the carbonic anhydride originally contained in it as rain-water or 
dorived from subterranean sources. The amount and nature of such dissolved con- 
stituents vary of course according to the kind of strata traversed by the water, ami tlio 
distance that it may have passed through them since the time when it fell us rain iij«*ii 
the surface of tho earth. 


The depth from which spring-water rises to tho surface is in some eases not more 
than -a few foot, in others it rises from very considerable depths. The wafer of rim 
artesian well at*3b. Gremllo rises from a depth of 1,800 h ot, and the water of many 
natural springs probably rises from still greater depths. 

The tempemture. at which spring- water issues from the surface differs from a few 
degrees above 0° C. up to 100° C. With the exception of thfW springs which oeeur 


in mountain ranges near the limits of perpetual snow, and are supplied from glaciers, 
and some of those which arc situated near active, volcanoes, there appears to be 
an ui ti ru ate *co n nectlqn between the temperature of spring-water and tin- deptli from 
which it rises. The probajd© existence of such a relation has received consideraldo 
support from the faetthat the water from artesian wells has been observed if* li;n« 
a temperature higher ia Ijltopbrtion to the depth from which it. rises. Thus the water ,.f 
St. Grand lo has a temperature of 28° C. In many cases the temperature of spring- 
water presents little or BO Variation throughout the year. Those kinds whieli h;rn- 1 In* 
.highest temperature appear to be most constant in this respect, and to have nmmtaim d 
a uniform degree of heat for many years. Even cold spring-water lias i temperature 
more or logs above the moan local temperature of the places where ii iv~ u* * from th© 
earth, and it ia only those kinds oi spring-water rising from depths within the influence 
of the local atmospheric changes of temperature, that present any considerable varia- 
tion of temperature in theeopmo bf the year. The mean temperature of such spring- 
water is either the same as tie mean local temperat ure or but very little alcove it. 

As a role the gen^d eharacter of the dissolved contents of ^ring-water does not 
prdlcnt much variation Except in so far os concerns lljo relative proportions ^^the 
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several constituents. They generally consist chiefly of calcic, magnesia, sodio, po tqsg ic, 
ferroua^nd manganous carbonates, sulphates, chloridfes, silicates, and sulphides, together 
with organic substance, carbonic anhydride, atmospheric gases, and sometimes gases 
derived from pthtt sources. But there is a very much greater difference in. the total 
amounts of dissolved contents, saline and gaseous* in the water from different sources. 
Some kinds pf spring-water are so highly charge^, either with saline or gaseous sub- 
stances, that they have a peculiar taste, and are unfit for" the ordinary uses, either 
technical or economic, to which water is applied* Such water is commonly termed 
mineral water, and is in many cases considered to hive, in virtue of its dissolved con- 
tents, various medicinal properties. The total amount of ■saline contents in spring-water 
■docs not bear any Relation to the depth from which it risesv — V 

Spring-water, of the kind' suitable for ordinary jse f defeg not contain such an amount . 
of saline pr gaseous contents aa to hp sensibly affected In regard to taste.' Water of • 
this character, whether derived from lufturai orjj, Artificial springs,* pir other sources, 
such as rivers, lakes, dec., is 'called fresh water, iu^ coatradi atinction to mineral water* 
and such water as contains a large amount of saline contents, like sea-water andHie 
water of certain .lakes. " 

The total amount of dissolved contents in fresh spring- water varies ffcom *06 to ft or 
oven 3 grin, per litre. The gaseous contents consist of carbonic anhydride, nitrogeni j&d* 
oxygen. The amount varies from a few cubic centimetres up to ns much as 100 cubic 
centimetres per litre in som •^instances. The amount of carbonic anhydride is some- 
times small, as llftke water of some surface springs situatfed in the midst ol primitive 
rocks, or in districts whero there is little vegetation ; but generally it is much larger 
in spring-water than in rain-water, and in water coming from a considerable depth it 
sometimes amounts to as much as 90 cubic centimetres per litre. (See Tahiji op 
Anat.ysks.) The carbonic anhydride in spring- water may sometimes be derived to a 
great extent from decaying organic substance in -the strata through which it passes. 
This may be the case with the water of surface-springs containing only a small amount 
of the gas, especially if it also contains nitrogen which nwy be the residue of the atmo- 
spheric gases in the rain-water feeding thoso springs. But as-regards those kinds of 
spring-water which contain a largo amount of this gas unaccompanied by nitrogen, and 
which rise from considerable depths, it is more probably derived from other subterra- 
nean sources. The frequent occurrence of carbonic anhydride in the form of local 
exhalations, and in mines, caverns, and wells, would appenr fo show that this gas, 
originating from subterranean sources, is very largely diff used throughout underground 
strata, in such a manner that the water permeating them can become more or less 
charged with it fc often under. considerable pressure, before it reappears at the surface. as 
a spring. (Seo Carbonic Anhydride, i. 770.) 

The amount of organic sub»ta?icc in fresh spring-water is usually small, except in the 
c^ae of shallow wells situated near cesspools, sowers, grave-yards, or other places where 
organic substances nro undergoing decomposition. The water of surface springs is some- 
times liable to contamination from similar sources. < Under such circumstances spring- 
wuter nmy contain a considerable amouqt of organic substance, and ammoniacal edits, 
nitrite*, or nitrates resultfbg from its decomposition. The water of such a we^. in 
Yerubim Buildings, Gray's Inn, contained, during the summer of 1866* about* ;£40 
grin, per litre of organic substance, and -2 45 giro, per litre of alkaline nitrates. The 
water of similar wells in Paris contained *034 grip per litre of ammonia, and from 
*063. to *428 grm. calcic ftitmto. The water from 35 such wells in the city of London 
was found to contain from *38 -to 1*851 grm. per litre of dissolved contents, with from 
*030 to *130 grm. per litre of organic substance, and from *039 to *548 grm. per litre of al- 
kaline nitrates. (Lotkeby, lie port on the Quality of the Water from the Tumps and 
Surface-weHs of the City of London, 1866.) 

Fresh spring-water is almost always very clear and bright, in consequence of 
great degree of filtration which it naturally undergoes in percolating through the strata 
which it may have traversed between the l * gathering ground," or surfaco from whiehit 
has penetrated, and the point at which it issues again from the earth. For the same 
reason it is generally cool, unless coming from a depth much above 200 feet; and, by „ 
reason of the gas it contains, it is sparkling and brisk to the taste. 

Tlie accompanying table contains the analyses of several kinds of fresh spring-water 
from natural and artificial springs, or artesian wells, and also from ordinary well^* 

In jawneral spring- wat or the total amount of dissolved contents varies, from m 
•J grpj. to 300 grms. peftjtra. Besides th e substanrijl already mentioned as beifig gpne- 
taflyteesitit in all lipids Of spring-water, it has been found that fain Aral wateg^ftpe- 
timeSf jtiontains a other substances, some of wffffeh present" oi?ly in-vory 

minute ’ j^roportionb ‘Tl^tStUfO phosphoric, sulphurous, hydroeklorxc, boraciojf- a mb urr 
Itarintm, swKlfiiuut, , rubidium, cesium-, brpmive, iodine, flvartyr, 

JIRL tw> ffa&t amfin&ny, nhfcj, cobalt, mamgqne se 3 &c t 
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The gaseous contents of mineral water also vary considerably in amount. In some 
cases it is very small, in others so large that the gus is evolved from the water os it 
ascends, and the water issues together with a copious discharge of umlis solved gas. 
The constituents of the gaseous contents of mineral water are chiefly carbonic anhy- 
dride, nitrogen, and oxygen, sometimes also sulphuretted hydrogen and carbureted hy- 
drogen. 

Since the difference between the various kinds of mineral water consists chiefly in fcho 
nature and. relative amount of their dissolved contents and in the proportion# which 
the constituents of those contents bear to each other, they may ho conveniently classi- 
fied according to the predominance of some one or other constituent, and on this prin- 
ciple they may be arranged under the following lioads, vis : 

1. Carbonated water , in which tho saline contents consist chiefly of carbonates. Ac- 
cording to tho nature of the basic constituent present in largest proportion, such water 
may be either: 

1. Alkaline, like tho water of Vichy, Hilin, Kins, Fnchingcn, Toplitz, &c. 

2. Magnesian, like that of Sclrwulbach, Goppiugen, Spa, &e. 

3. Calcareous, like that of Griessbach, Kurlsbrunuen, etc. 

Mineral water belonging to any one of these subdivisions may also contain ferrous 
carbonate, and is then termed chalylu air, as For instance, the water of Spa. 

If the water contains a large amount of carl ionic anhydride in solution it is termed 
acidulous , like the water at Vichy, !St. Nectnire, I'aoliingon, &«., and when it contains 
sulphuretted hydrogen, it is called sulphuretted, like the water at iSchiiiznuch. 

II. Sui photic water, in which the saline contents consist chiefly of sulphates, and, 
according to the, preponderating basic constituent, tin's may be either: 

1. Alkaline, like tho waters of Ourlsba.il, Bristol, Piillua, Subsist iunswciler. 

2. Magnesian, like tho water of Saidschiitz. 

3. Calcareous, like the water of l'yrmont, Epsom, Hath, Seliw arzsen. 

►Sulphatie water sometimes contains ferrous sulphate, and is then termed chalybeate. 

Sometimes it contains a large amount of carbonic anhydride in solution, and is then 
termed acidulous, as in tho water of Carlsbad, l’yrmont., and it is frequently sulphuretted, 
like the water of Schwarzsoe, Si-bast huiswciler. 

III. Chlorinated U'ater, in which the saline contents consist chiefly of chlorides, and 
is, according to the preponderating basic eohstituent, either: 

1. Alkaline, like tho water of Wiesbaden, Leamington, Ifarrowgnte, Cheltenham, 
Belters, Ho in burg, Jvissingen, KreuUnach, Aluxisbad, Aix-la-Clmpelle, Weil bach. 

2. Magnesian, like the water of tho Head Sea, Ellon lake, and some other lakes of 
eastern Europe and Asia. 

Chlorinated water is sometimes chalybeate, and may contain both ferrous sulphate 
and chloride, or ferrous carbonate, like tho water of Alexisbad, 1 loin burg, Jlermiinns- 
bad. It is sometimes also acididoue, like the water of Hum burg, Kissingen, and 
Wiesbaden, and sometimes sulpkurett< d, like the water of JIurrowgutc, Aix-la-Chapolle, 
Weil bach. 

IV. Silicious wafer , in which the saline contents consist chiefly of silicates, like tho 
hut spring-water of Iceland. 

The aceomp- mying table contains the analyses of some of the most celebrated kinds 
of mineral water, which have been selected as types of the several classes above de- 
scribed. 

River-water, though generally originating to u great extent from natural springs, 
almost always contains a smaller amount of dissolved contents than the generality of 
fresh spring-water. This is partly the result of dilution by the direct influx of raitj or 
some other form of meteoric water, glacier streams, ter., and is sometimes also in part 
due to the disengagement of carbonic anhydride when the water of the springs feeding 
a river comos in contact with atmospheric air as a flowing stream, and there is a 
consequent separation of substances which, like calcic carbonate, &c., were chiefly held 
in solution by that gas in the spring-water. 

The total amount of dissolved contents in river-water varies lews than in spring- 
water. It rarely exceed* from *3 to -4 grm. per litre, awl is sometimes very much Jess 
in the case of rivers flowing through districts where crystalline or schistose rocks prevail, 
when tho water is sometimes almost as pure us rain -water. The gaseous contents are the 
same as in fresh spring-water, but the amount of carbonic anhydride is generally less 
than in most spring-water, and from the free exposure of the water to the atmosphere, 
the proportion of oxygen to nitrogen, under normal conditions, is Urn same as in rain- 
water, or as 1 to 2 by volume, being greater than in atmospheric air in consequence of 
the greater solubility of oxygen in water. (Sec Atjiosi ujsub, i. 437, and Gasks, Ait- 
SOHPTIOW of, ii. 790.) 

The amount of dissolved organic substance in river-water is generally much greater 
than in spring-water. This is due to the surface drainage of river-basins being dis- 
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charged into the rivers, which are the natural drains of the country they flow through. 
The organic substance thus constantly carried into rivers, and diffused throughout the 
running water containing dissolved oxygen, is exposed to its influence and gradually 
decomposed, being ultimately converted into the final products of such change, viz., 
carbonic anhydride, water, ammonia, nitrites, and nitrates (Eiiemacavsis, ii. 407). 
Thus the oxygen dissolved in river-water, and constantly renewed by the contact of the 
flowing water with the atmosphere, plays an important part in the natural purification 
of rivers, and in preventing the putrefaction or accumulation of organic substance 
in their water. In the case of rivers flowing through populous districts, and re- 
ceiving the drainage of the towns situated within their basins, in addition to the 
natural surface drainage, the quantity of putrescible organic substanco thus constantly 
carried into the rivers as sewage may be so largo that this natural process of purifica- 
tion is inadequate to prevent putrefactive change, especially during hot weather, 
when the temperature of the water rises considerably (Fermentation and Putrk- 
f action, ii. 623, et seq .). The condition of the Thames within London, during the 
autumn of 1859, whan the sewage of the whole population was discharged directly into 
it, affords an illustration of the consequences of such contamination of a river. Some 
observations made by Professor Miller at that time on the gaseous contents of the 
water taken at different points of tho Thames at low water, also serve well to elucidato 
both the natural process of purification taking place in river- water, and the influence 
of sewage contamination on the condition of the water, as will be seen from the follow- 
ing tabular statement : 


Thames water taken at 

Kingston. 

Hammer- 

smith. 

Somerset 

House. 

Greenwich. 

Woolwich. 

Erith. 

Total amount of gas ) 
per litre j 

cub. cent. 

627 

cub. cent. 

cub. cent. 

62-9 

cub. cent. 

71*25 

cub. cent. 

63*05 

cub. cent. 

74-3 

Carbonic anhydride . 

30-3 


45-2 

55 -6 

48*3 

57* 

Oxygen . . . 

7-4 

* 4*1 

1-5 

■25 

*25 

1-8 

Nitrogen . . 

150 

1ST 

162 

15-4 

14 5 

15-5 

Ratio of oxygen to) 
nitrogen y 


1:37 

1 : 10 5 

1:60 


1:81 


Prom these results it will be seen that while the water at Kingston was in a normal 
state of aeration, the influence of sewage contamination in abstracting oxygen began to 
become evident at Hammersmith. At Somerset House it was still more marked, and 
at Greenwich and Woolwich the oxygen had been almost entirely consumed ; but by 
tho time the water reached Erith its state of aeration had greatly improved as regards 
oxygen. (See also R. A. Smith, Mem. Philos. Soc. Glasgow, vi. 154, et scq.) 

In addition to the dissolved contents of river-water, saline, organic, and gaseous, it 
almost always contains mechanically suspended substance , the amount of which varies 
according to the quantity of rain passing into the rivers at different seasons, and also 
according to the nature and extent of the surfaces drained by them. Tho amount of 
suspended substance in the Thames is sometimes as much as *5 grm. per litre at low water, 
and *2 grm. per litre at high water. In the Seine at Paris, the amount of suspended 
substance varies from *007 to 118 grm. per litre; in the Iihine at Bonn it is from 017 
to *205 grm. per litre ; and in the Meuso from *014 to *474 grm. per litre. In the water 
of the Mississippi the average amount of suspended substance is about *8 grm. per litre ; 
in that of the Ganges it is stated to vary from *2 to 2* grm. per litre, and in that of the 
Yellow River to be still larger. 

The water of lakes which are situated among crystalline or schistose rocks, and 
have an outlet, is sometimes almost as pure as rain-water. Lakes through which 
rivers flow, as the Rhone flows through the lake of Geneva, may be considered as mere 
local expansions of the rivers, and their wutdf wilLhave nearly- the same dissolved 
contents as the river-water. On the contrary in Jmm which have no outlet, like 
the Dead Sea, and many of the salt-water or so^flakes of Eastern Europe, Asia, 
Africa, and America, the water though sometimes fresh, is often so highly charged with 
saline substances, which have accumulated by the evaporation of the water flowing into 
the lakes, that in the dry season certain of the saline contents are deposited, as in the 
case of the salt lakes of Russia, Central Asia, Africa, and America (p. 184 ) ; the soda 
lakes of Egypt, Asia, Mexico, and Hungary ; the borax lakes of Thibet, Ac. 
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Sm»water is essentially a chlorinated alkaline mineral water, the saline contents 
of which consists chiefly of sodic, magnetic, potassic, and calcic chlorides amt sul- 
phates, together with a number of other substances in much smaller proportion and 
some in very minute amounts. 

The total amount of dissolved contents in the water of the ocean at long distances 
from land varies from about 28 to 3D grins, per litre. It is largest near the equator 
and smallest near the poles. The greater evaporation of wator in tropical regions 
than iu temperate or polar regions, and the unequal influx of fresh water from rivers or 
as rain, tend to produce local differences, which are to a great extent compensated by 
currents. Forehliammor fixes the mean amount of dissolved contents in the water of 
the ocean at 34 404 grms. per litre (Phil. Trans, civ. 203 et scq.)> lu the water'of seas 
which are partly shut in by laud, the amount of dissolved contents is influenced by the 
amount of evaporation relatively to the quantity of fresh water carried into them by 
rivers. Thus in the water of the Baltic, the amount of dissolved contents varies from 
about 6 to 18 grms. per litre at different parts, while in the Mediterranean it varies from 
about 36 to 40 grms. per litre. 

In the water of the ocean there appears, according to Porch hammer, to be generally 
but little variation in the relative proportions of the chief constituents of its contents, 
as will bo soon from the following tabic, deduced from tho moan results of hiH numerous 
analyses : 



so». 


Co. 

Total 

inline 

content!. 

Chlorine. 

Maximum 

14 51 

6-708 

2-257 

181*40 

100 

Mean 

14-26 

6*642 

2114 

181-10 

100 

Minimum 

13-98 

6-570 

2050 , 

180-60 

1' 

100 


Some of tho analyses of sea- water indicate much greater load variations in tho 
relative proportions of certain substances, and it is very prohablo that a variety of 
circumstances, such as submarine springs or volcanic orupiions, &c\, may tend to utfijct. 
the composition of its dissolved contents either permanently or for a time at certain 
points. 

In addition to the substances already mentioned, sea- water contains about *3 gnu. per 
litre of bromine, and very minute amounts of iodine and jluorinc\ also silica, phosiihorw 
acid (Voeleker, Chcm. Gaz. viii. 346), calcic and nwgnetsic carbonates in small pro- 
portions. The amount of carbonates is largest near the land^and is very small in tho 
water of the ocean (J. Davy, Kd. ifew Phil. Journ. xlvii. 320). Silver , lead, copper, 
and arsenic have been detected either in sea-water, tho ashes of marine plants or 


cipient of by far the greater part of the water discharged from springs and constituting 
rivers, most of the material abstracted by their water from the interior and surface 
of the earth passes into it, and all substances which exist in spring-water maybe ex- 
pected to exist, to some extent, in soa-water. 

The gaseous contents of eoa-water are nitrogen, oxygen, and carbonic nnhydrido, 
amounting altogether to from 10 to 30 e.e. per litre, according to different observers. 
The amount appears to be greater at a deptn of about 2,000 feet than near Ihe surface, 
but at about 4,000 feet the water contains scarcely any dissolved gases. The relative 
proportions of the gases have not been estimated with much accuracy. Carbonic an- 
hydride is stated to vary from 2 to nearly 40 c.c. per litre ; oxygen from about 1 to 
3 c.c. per litro, and nitrogen from 12 to 17 c.c. per litre. (Aim 6, Pogg. Ann. lx. 
404. — Hayes, Sill, Am. J. 1851, 421 ; Compt. rend. vi. 616. — Lewy, Ann. Ch. Phys. 
ii. 535, viii. 425, J&, 6. — Bischq& Chem. Phys. Geol. i.113. — Thorpe, Chem. Soc. J. 
[21v. 189.) ' 

From the facts already stated as to the dissolved contents, of the various kinds of 
natural watex? it will be possible |e form some general idea of the geological importance 
attaching to the constant ciicd^tba oTwater from the ocean to the land by evapora- 
tion, ana then back again to tfir'bcean, after having penetrated through the rocks con- 
stituting the land, to various depths in the interior of the earth. 

The mere mechanical action of the water discharged by rivers, in abrading tho rocks 
with which it comes in contact after falling as rain, in sweeping awajr the particles 
detached by it and by other disintegrating influences, and in transporting the finely 
divided debris to the ocean, is alone a very potent agent of geological change. The 
quantity of solid material thus conveyed from the land to the sea, us mud, by such 
rivers as the Amazon, Yaug-tse-K iang, Mississippi, Nile, Ganges, and Danube, is 
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enormous. It has been estimated that the suspended material annually discharged 
into the sea by the Mississippi is equal to 4,000 million/mbie feet of clay, and that 
the quantity thus conveyed into the Bay of Bengal by the Ganges and Brahmapootra 
amount to ten times as much. (LyelPs Principles of Geology.*) 

But the suspended mud of rivers constitutes only a part of the material they convey 
into the ocean. A further and probably equal quantity is discharged into it in a stato 
of solution. Tho composition of the dissolved material carried into the sea by rivers 
differs widely from that of the dissolved contents of sea-water, as will be seen from the 
following comparison of the relative proportions of tho chief constituents in both cases: 

, CO 2 . Ca. K. SO*. SiO 2 . Mg. Na. Cl. 

Dissolved contents of sea water . . 2-114 '305 14*26 trace 6*64 57* 100 

ii „ river-water 807* 568* 43* 228* 10* 36* 43* 100 

From this comparison it will be seen that precisely those substances which are pre- 
sent in the dissolved contents of sea-water in tho smallest amount, relatively to chlo- 
rine, exist in the dissolved contents of river-water in the largest amount relatively to 
chlorine, and arc carried into the sea in the largest quantities. Those substances, 
however, do not accumulate in sea-water; but are abstracted from it by marine 
plants and animals, whose growth is probably to a groat extent supported by the 
dissolved material convoyed into tho sea by rivers, and its chief constituents are found 
in the ashes of marine plants, and in the shells or skeletons of marine animals. (See 
Coral, ii. p. 84 ; Seaweed, v. p. 212 ; Sponge, v. p. 403.) Consequently tho action 
of water in transporting material from the Lind to the sea, appears to bo one of the 
conditions essential to the existence of marine organisms, and to the formation of 
submarine deposits, either through their agency or by simple subsidence. (See 
Geology, Chemistry of, ii. 835.) 

The amount of sodic and magncsic chlorides carried into the sea by rivers is small, 
but as these salts probably accumulate in tho water, and jis the supply from the land, 
through the agency of water evaporating from the ocean, is continuous, there is some 
ground for the opinion that the saline contents of sea- water are very gradually aug- 
menting, and indeed that in their present amount they may be altogether the result of 
the same process continued during long geological periods. Jn the water of t ho Baltic 
and still more in that of the Mediterranean, it has been ascertained with tolerable 
certainty, that such an augmentation of the saline contents is going on. The evapora- 
tion from the Mediterranean, under the iniluonce of hot dry winds from Africa, is so 
much greater than the supply of fresh water by rivers, that a current of salt water is 
.constantly flowing in from tho Atlantic, through the straits of Gibraltar. Tho water 
of tho Mediterranean consequently contains a larger average amount of saline contents 
than that of any other sea communicating with tho ocean. Moreover, since tho amount 
is greater at considerable depths than it is near the surface, it appears that by tho 
evaporation of the water at the surface, it becomes denser and sinks towards tho 
bottom. In many places the Mediterranean is upwards of 6,000 foot deep, but at tho 
Straits of Gibraltar tho depth is only 1,320 feet, so that although there is an outward 
deep current into tho Atlantic, the denser water below that depth cannot flow- out. A 
similar process of concentration is going on iu the Dead Sea, and Caspian Sea, in tho 
salt, lakes of Russia, and the soda lakes in Egypt and Hungary, which receive either the 
water of rivers or of springs, and have no outlet for their water but by evaporation. 

The vast quantity of material continually being abstracted from the solid mass of 
the earth by the water of springs, obviously indicates considerable progross ivo altera- 
tion of the rocks from which it is derived. As regards tho contents of fresh water, its 
chief constituents are probably obtained, for the most part, by direct solution. This 
um}’ also be the case with some kinds of mineral water ; but as regards those kinds of 
mineral water which contain alkaline and ferrous carbonate, &c., together with large 
amounts of carbonic anhydride, it is more probable that their dissolved contents origi- 
nate from the chemical alteration of rocks. This is especially tho caso when the high 
fcomporatnre of the water indicates that it comes from a great depth, where the degree 
of heat and other conditions obtaining, may be sufficient to determine reactions which 
do not take place at the surface of tho earth. Without having recourse to any theory 
respecting the former condition of the earth, and its materiel elements, it is possible 
to arrive at a probable inference as to the chemical ehangfts involved j n the production 
of the various kinds of mineral-water, simply by a consideration m the state in which 
the substances they contain exist in rocks, or in those minerals which are the most 
abundant constituents of known rocks, and of the effects which would result under the 
influence of such conditions as the characters of mineral water testify tojthe existence 
of at tho seat of their production. _ 

One of tho most striking pheuomena presented ty-v niinersd wator is the frequent and 
abundant occurrence of carbonic anhydride, either absolved in the water or discharged 
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together with It, and sometimes in enormous quantity, a single spring often yielding 
annually upwards of a hundred tons, and some artificial springs, like the artesian wells 
of Neusalzwork and Nauheim, yielding respectively from 1,300 to 2,000 tons of this gas 
in the course of tho year. Among the gases associated with mineral water, carbonic 
anhydride not only occurs in the largest amount ; but also exorcises considerable influ- 
ence ou tho character of the water, in many cases, by determining the solution of calcic, 
magnesie, and ferrous carbonate y, &e. From the frequent occurrence of this gas in 
connection with volcanic phenomena, and tlio very general distribution of calcic and 
Liingncsic carbonates in rocks, it is probable that the action of subterranean heat upon 
such rocks gives rise to the production of carbonic anhydride, either by direct di*e< im- 
position, or more probably by determining tho reaction of those carbonates with the 
silica of silicious rocks, in such a manner as to form products which, like lava and 
basalt, contain both lime and magnesia combined with silica. Carbonic anhydride 
may also originate from the decomposition of organic remains in rocks, and from their 
oxidation by reducible substances such as ferric oxide, and il may bo to some extent 
produced by a subterranean process of combust ion, either of carbon, or carbonaceous 
substances by atmospheric oxygen convoyed into the interior of the earth by water. 
The occurrence of nitrogen together with the carbonic anhydride evolved from 
springs, and in volcanic districts, gives sonic probability to tho opinion that tho car- 
bonic anhydride may originate partly in this way. 

But whatever be tho precise mode in which the carbonic anhydride associated with 
mi lie ml water may originate, its abundant existence in solution at great depths, and 
consequently under great pressure, is beyond doubt. For that, reason, u considera- 
tion of the action of such a solution upon rocks of the kind which may ho supposed 
to exist at those depths, is of great interest ns regards tho production of mineral 
water. Struvo found that a number of silicious rocks were decomposed when expos**! 
to tho actiou of water saturated with carbonic anhydride under considerable pressure, 
anti that tho substances dissolved by the water almost exactly corresponded with tho 
dissolved contents of various kin* Is of mineral water. Thus, for instance, in operating 
upon phonolito in this way, the substance dissolved contained sodic, calcic, and magnesia 
carbonates and silica, almost in the same relative proportion as the carbonated alkaline 
water of Bilin. Basalt and fnlspatliie, pirj hyry yielded substances corresjH nidi rig to 
tho dissolved contents of the Egor, Marienbad, and To pi it/, water. It. may, therefore, 
be inferred with considerable probability that the decomfiositiou of such silicates as 
constitute those rocks, by water containing a large amount of carbonic, anhydride, is 
the source of tho alkaline carbonates in mineral water, and to a great extent also of 
the calcic, magnesia, and ferrous carbonates it, contains. Some idea limy bo formed as 
to the magnitude of this process of subterranean alteration, from tho fact that tho 
mineral water of Vichy alone brings up annually from the interior of tho earth about 
1,000 tons of sodic carbonate, while tho water of tho Carlsbad springs brings up at least 
ten times as much. The occurrence of kaolin, steatite, serpentine, and a variety of similar 
mineral substances, may be regarded as a phenomenon correlative to such a decompo- 
sition as that, by which tho alkalis or other bases of felspar, augite, or hornblende, 
arc extracted in tho production of mineral- water, and those minerals may represent 
the residua: parts of rocks decomposed in this manner during very remote perimls. It 
would be out of place here to enter more fully into the subject of mineral alteration by 
water containing various substances in solution, than to point out that the conditions 
under which mineral water conn s into contact with rocks at great depths uro peculiarly 
favourable to the production of many of those changes of minerals and rocks which 
liavo hitherto been ascribed to imaginary causes, without a sufficient knowledge of 
their chemical features. (See Gkomhiy, Chkmistky ok, ii. 833 ; Pskudomokphh, iy. 
374; and Bischof, Chem. Phys. Geology.) 

The nitrogen which is so frequently associated with mineral water, either in its 
gaseous contents, or in tho gases discharged with it from springs, docs not appear in 
alL cases to consist morely of that atmospheric nitrogen which may be eonvey<*d, in 
solution by the water, from the surface to the place where it acquires its saline contents, 
although that may sometimes be the case, especially when the nitrogen is accompanied 
by oxygen. The proportion of nitrogen to the other gases, and the actual quantity 
discharged is sometimes so large — as, for instance, at the Bath springs, where it amounts 
to about 250 cubic ftet daily — that there are probably other sources of this gas, such 
as the slow dccomp&ntfon of' organic remains. Its occurrence has also heen referred 
t jo an assumed process of subterranean oxidation of metals by atmospheric air, which is 
supposed to penetrate income way to great depths in the interior, and in conjunction 
with tho reaction of water dn these metals to give rise not only to the phenomena of 
thermal springs, but also of earthquakes and \olcanoes. (See Baubeny, Description 
of Volcanoes. Earthquakes, and Thermal Springs. — Bischof, Chem. Phys. Geology.— 
Lecoq, Les Eaux Miner ale e. 
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The sulphuretted hydrogen present in some kinds of mineral-water originates bm 
the reduction of sulphates by carbonaceous substance and the decomposition of the 
sulphides by carbonic anhydride. 

Quality of Water used for economic and technical purposes. 

Since natural water is never absolutely pure, it is evident that as regards the water 
derived from any particular source, its fitness for ordinary use will depend chiefly upon 
the amount and nature of the substances which may be present in a state of solution, 
and perhaps also mechanically suspended in the water. For drinking and for many 
other purposes, water which is perfectly clear and colourless is sensibly preferable to 
such as is turbid and coloured, in consequence of its containing suspended impurities 
whether they consist merely of earthy mud, or of minute living organisms. In this 
respect, spring or well-water, which undergoes a kind of natural filtration, is generally 
preferable to the water of rivers or lakes, which being fed to a great extent by surfaeo 
drainage, are therefore the receptacles of much suspended impurity, and generally yield 
water which is turbid. 

So far as dissolved substance is concerned, those kinds of water which contain the 
smallest amount are generally preferable for most purposes. But the quality of 
water, as regards its technical and economic applications, is, within certain limits, 
much moro influenced by the chemical nature of the dissolved contents, than by the 
actual amount. Those kinds of water which contain but a small amount of saline 
contents, or in which tho saline contents, though in large amount, consist chiefly of 
alkaline salts, are, in ordinary language, termed “ soft.” Such water dissolves common 
soap without causing any, or at most but very little, change. On the contrary, water 
containing calcareous or magnesian salts in solution, decomposes soap, forming with 
its fatty acids insoluble comjjounds which separate as a curdy white precipitate. Such 
water is commonly called “hard,” and is moro or less so in proportion to the amount 
of earthy salts it contains. Tho salts which render water hard are calcic or magnesia 
carbonates, sulphates, or chlorides, and as the former are held in solution chiefly by 
carbonic acid, the hardness due to them may bo, to a great extent, removed by boiling 
the water, and by driving off the carbonic acid, rendering tho carbonates insoluble. But 
the hardness due to the sulphates and chlorides is not affected by boiling. Hard water 
is objectionable for many purposes. Its uso for washing involves considerable waste 
of soap, since tho curdy precipitate bus no detergent action. For cooking and for 
various manufacturing purposes also, it is inferior to soft writer. When it is used for 
supplying steam boilers, the insoluble carbonates are deposited as a crust upon the 
inner surfaeo of the boiler, especially when tho water also contains calcic sulphate. 
This salt is deposited as the water evaporates in a crystalline state, and serves to cement 
together the particles of carbonato precipitated when the water is first boated. 

The total amount of dissolved contents in water suitable for economic and technical 
purposes rarely exceeds *5 grm., or at most, 1*0 grin, per litre, and the bettor kinds of 
water contain very much less. 

Tho presence of dissolved organic substance in water has probably a much greater 
influeneo in determining its fitness for dietetic purposes than either the amount or 
nature of tho saline contents of ordinary fresh water. This is especially the case as 
regards the water of wells or rivers so situated that tho drainage or sewage of towns 
passes into them. When this takes place to any considerable extent, the natural pro- 
cess of purification of river-water, consisting in tho oxidation and destruction of tho 
organic substance, is not sufficient to render the water of such streams fit for domestic 
use near the places where tho sewage of largo populations, or the drainage of factories, is 
discharged into them (p. 1018). Water containing *1 grm. per litre of organic substance 
would perhaps generally be unfit for drinking, and it may be assumed that wholesome 
wafer of good quality rarely contains more than from *005 to *01 grm. per litre. How- 
ever, in districts where peat abounds, wateT which is sensibly coloured by dissolved 
organic substance is commonly used for drinking without any deleterious results. Pro- 
bably the nature of the organic substance in water, its existence in certain conditions, 
or its capability of promoting the development of organic germs, may be of much greater 
importance as regards the wholesomeness of the water, than the actual amount of it. 
Substances resulting from the partial decomposition of eflbte vegetal or animal re- 
fuse are most likely to be directly prejudicial, and also to favour the development of 
organic germs, especially if they are nitrogenous, and in a state of putrefactive change 
(Fkrmkntation and PuTHXFACTioy, ii. 023 et seq ; ImrrsoKiA, iii. 269). This pro- 
bability is at least consistent with the known effects of such substances, and with the 
still unexplained connection which is beloved by some authorities to exist between the 
prevalence of epidemic disease and the contamination of water, used for domestic pur- 
poses, with sewage or some similar impurity. (Frankland, On the Water Supply 
of the Metropolis, Proc. Iioy. Inst, of Great Britain.— Si mon, Report of the Medical 
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Officer of the Privy Council for I860. — Let he by, Tie port to the Sanitary Committee of 
the Commissioners of Setters of the City of London , 1867, p. 11 et seq.,' and Import < n 
the. Cholera Epidcinic of 1866.) 

The whole subject of tho influence of organic substance on the character of water, 
in a sanitary point of view, is, however, involved in much obscurity ; but there can 1*6 
no doubt that water contaminated with the refuse of towns is in every respect highly 
objoctionable for domestic purposes. Consequently the pmetico of discharging sewage 
into rivers, which at. a lower part of their eourso furnish the water-supply of towns, 
Ciuinot bo too strongly deprecated for this reason, and -it is scarcely less objectionable 
as regards tho condition of rivers, and their influence on the sanitary state of tho dis- 
tricts along their banks. On agricultural grounds, also, the vast quantity of material 
possessing value as manure, which is wasted by tho discharge of sewage into rivers, 
constitutes another very cogent reason for the discontinuance of this practice, and for 
the adoption of some means by which the phosphates, alkalis, and anunoniu contained 
in the refuse of towns should be turned to useful account in augmenting the production 
of crops, and by which at tho same time tho natural purity of river-water should be so 
far as possible preserved. (Sec Kxcukmknts, ii. 613 ; xManurk, iii. 842 ; UnutK, v. 964.) 

Tho relative whnlesomeness of water intended for domes! it? use appears to be ho in- 
timately connected with tho presence of organic substance, that considerably attention 
has lately been devoted to the methods of estimating its amount and nature. Hitherto 
the amount of organic subatunco has been estimated by evaporating the water to dry- 
ness and igniting tho residue so as to burn otT the organic substance, tho loss of weight 
on ignition being taken as representing organic substance. This method, however, 
apart from the objection of its being indirect, cannot bo depended upon, for tile follow- 
ing reasons : 

1. If the residue is dried at 100° C., beforo ignition, it may retain water combined 
chiefly with calcic and magnesia chlorides or sulphates, and a considerable part of 
the loss on ignition, may be duo to this circumstance. A further part may be duo to 
volatilisation of amruoniacal salts, and to tho decomposition of magnesic chloride, 
nitrites, and nitrates. 

2. If the residue is dried at from 120° to 130° C. in order to expel water, there is a 
risk of partially decomposing the organic substance, especially when it is in n putres- 
cent state. 

3. In converting the cansticised earths into carbonates, after ignition, by moans of 
carbonic anhydride, there may bo in soino eases a considerable increase of weight. 

Tho method of adding sodie curhuiialc to the water before evaporating to diyness, 
fo a** to decompose ammoniaeal salts, and convert calcic and magnesia chlorides and 
sulphates into carbonates, and to obtain a residue free from water, also gives indefinites 
results partly for the reasons already given, and because : 

4. The organic substance may be decomposed and tho products volatilised during 
the evaporation to drvnoss. 

5. On ignition, certain products of the organic substance may remain in a flxod state 

of combination in tho residue. / 

The errors arising from one or other of tlicse causes may exceed the whole amount 
of organic substance in the water; and oven if that amount could bo estimated with 
any degree of certainty, the result would not admit of any positive inference ns to the 
character of the water, since tho organic substance might be of an entirely harmless 
nature. (Mi Her, Chein. Soc. J. xviii. 117. — Fran kl and, Proc. Itoy. lust.. Great 
Britain. — Wankl yn, Chapman and Sm it h, Laboratory, i. 98, 114; and Clicm. 
Soc. J. [2] v. 44&/A9J.) 

To meet these defects, the use of potassic permanganate, so as to estimate the quan- 
tity of oxygen absorbed by tho organic substance in water, h ns been adopted by soldo 
chemists, with the object of arriving at a more direct determination of tho character 
of water as regards this portion of its dissolved contents. Ah a meana of eBtimating 
the amount of organic substance, it is however totally untrustworthy, as will be seen 
from results obtained by Professor Fntnkland, contained in tho table on p, 1024. 

These results show that from the great differences which obtain in tho behaviour of 
organic substances with permanganate, it evidently caatoot be relied upon for establish- 
ing the absence of orgauic substance. Even its positive indications are not alone con- 
clusive against the character of water, si nee the reduction may be caused by an organic 
substance which is quite innocuous. Notwithstanding these facts, however, the per- 
manganate teat may uflfbrd serviceable indications as to the actual condition of water, 
especially when the results obtained with it are considered in connection with certain 
other features of the water in question, for it may reasonably bo assumed that, if 
the presence of putrescent organic substance in water renders it unwholesome, a sub- 
stance in such a state of chemical tension would bo more susceptible of oxidation by 
permanganate than most of the substances to which Professor FrankbtndV experiments 
relate. This special applicability of the permanganate tost for indicating the presence 
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of organic substance in the state most likely to be prejudicial, is not oven limited by 
the fact that the presence of nitrites in water would determine the reduction in the 
same way as organic substance: for water containing nitrites is very likely to be objec- 
tionable (see under), and moreover allowance can always be made for the reduction duo 
to nitrites ; so that whenever water causes a considerable reduction of permanganate, 
there is at least sufficient ground for suspecting it to be unwholesome. Hence Profes- 
sor Miller and others consider that the permanganate test may render good service as 
an accessory test, in assisting the judgment as to the salubrity of water, though it is 
fallacious as a substitute for the method of incineration for estimating the amount of 
organic substance in water. (Miller, Journ. Chem. Soc. xviii. 117. — R. A. Smith, 
Estimation of the. Organic Matter in Water with reference especially to Sanitary Pur- 
poses, Loudon, 18G5.) 

The idea that the deleterious influence of organic substance on the character of water 
is confined to that portion of it which is nitrogenous and therefore liable to putrefac- 
tion, naturally led to the attempt to determine tho character of water by estimating 
the amount of nitrogen in the organic substance present, on the principle of its dele- 
terious influeneo being proportionate to the amount of nitrogen. (Hofmann and 
lily tli. Report on the Chemical Quality of the Supply of Water to the Metropolis, 185fi, 
p. 5.) 

A method of examining water has recently boon dovised by Professor Prank- 
land upon this basis. The estimation, mado ia the manner described under the head 
of Water, Analysis or, consists of : 

1. The amount of organic carbon in the dissolved contents. 

2. The tot^J. amount of combined nitrogen. 

3. Tho amount of nitrogen existing as ammonia, nitrites, and nitrates. 

The difference between the last two data gives tho amount of nitrogen existing in 
the organic substaneo of the water, and that is taken to be tho measure of the quality 
of the wator, so far as organic substance is concorned. One of the objections to this 
method appears to be tho absence of any distinction either between nitrogenous 
organic substances which aro deleterious, or may become so by putrefaction, and others 
of a perfectly harmless nature, or between a putrescent substance and one which is 
only capable of becoming so. 

The liability of putrescent organic substance in water to be decomposed, and evolve 
its nitrogen as ammonia during evaporation to dryness, has been adopted by Professor 
Wanklyn, in conjunction with Chapman and Smith, as a means of ascertaining the 
character of water, and of estimating the amount of deleterious organic substance 
it contains. The decomposition of the organic substance is promoted b£ adding caustic 
alkali and potassic permanganate to the water, and the quantity of ammonia given off 
on distillation is then taken as a measure of the deleterious organic substance in the 
water. (Chem. Soc. J. [2] v. 445, 591.) 

The water of rivers aud wells sometimes contains ammoniacal salts, nitrites, and 
nitrates. Whether these substances arc in themselves injurious or not, their presence 
in wator may frequently be regarded as indicative either of sewage contamination, or of 
some similar objectionable admixture with the water, since they are the products of the 
decomposition of nitrogenous organic materials (see Euemacausis, ii. 497 ; Nitrates, 
iv. 83, 90, 99). If that decomposition is incomplete, they may bo accompanied by 
organic substance in the most objectionable state. The presence of these substances in 
water lb, therefore, always calculated to throw' suspicion on its quality. Many of the 
shallow wells situated in towns, and very often near a churchyard, yield water 
of th is kind which, singularly enough, presents characters both attractive and agree- 
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able. Being dear, spariding, and cool, with tlmt fresh buffo which a small proportion 
of nitre communicates, such water often holds a high place in popular estimation, 
which is strengthened by the traditional repute of the wells for yielding good water, 
acquired probably at a time when they were surrounded by open fields, and not fed 
with the drainage of densely -populated street*. (See Simon, Reports on the Sait itary 
Condition of the City of London , 1849-50, p. 61 ; 1852-53, p. 42. — Let he by, Report 
on the Quality of the Water from the Pumps and Surface Wells of the City of London, 1866. 
— K. A. S m i t h, loc. cit. p. 22.— W a n k ly n, C li a p m n n, and S m i t. h, Lalnmitory, i. 252.) 

Sometimes, however, water which is quite beyond any suspicion of sowage-rontaim- 
nation or impurity, contains nitrates — as, for instance, the water obtained from artesian 
wells in the chalk strata. The origin of the nitric acid in this case is not ascertained, 
but it has boen referred to an oxidation of organic substance, ammonia, or nitrogen 
effected by the oxygen dissolved in the water, and taking place during tins passage of 
the water through the water-bearing strata. (Nituatkn, iv. 813.) 

Professor Frunklaud has adopted tho estimation of the amount of nitrogen 
present in these states of combination, as the mcasuro of tin* previous sewage- 
contamination of the water — that is to say, of tho sewage which has boen mixed with 
the water, and has undergone complete decomposition into its final inorganic products. 
To the result thus obtained ho applies a correction, to compensate lor that portion 
of the nitrogen which might have existed as ammonia and amnionic nitrite or 
nitrate in rain-water, taking for this purposo tho mean value, deduct'd from tho 
observations of Lawcs, Gilbert, ami Way, of *240 pts. nitrogen existing ns nitrous 
and nitric acids in 1,000,000 pts. of ruin -wider, and *080, the maximum quantity of 
nitrogen existing us ammonia in 1,000,000 pts, of river-water taken near the sources 
of streams. This correction of *240 + 080 =■ *320, which — upon tho assumption 
that average filtered London sewage contains, in 1 ,000,000 pts., 100 pts. of combined 
nitrogen — corresponds to 3,200 pts. towage in 1,000,000 pts. of water, is probably 
somewhat too high, and in favour of tho quality of tho water, Bineo ammonia is 
almost entirely abstracted from rain-water in percolating throng] i cultivated soil. 
The water supplied to Ia>ndon from the Thames, during January and February 
1808, was found to contain, on the average, '003305 grin, per litre of nitrogen in 
the state of ammonia, nitrites, and nitrates, or 3*395 pts. iu 1,000,000 pts. of water, so 
that, according to this view, the amount of previous sewage-contamination would be: — ■ 

30,750 : 3-395- *320 = 1,000,000 ; 100. 

The result thus obtained by analysis presents a very remarkable correspondence with 
the calculated result obtained in* a different manner. Thus the averago flow of tho 
Thames, just above the point at which the London water-supply is taken, being esti- 
mated at 800,000,000 gallons daily, and tho drainage of a popubuimi of about. 
600,000 being discharged into tho Thames above that point, at tile re to of about 30 
gallons per head daily, the scwagc-contamination of the water, according to these 
data, would amount to about 22,500 pts. in 1,000,000 pts. of water. 

If any of the nitrogenous organic substance, originating from this sewage, had not 
unrirrgono complete oxidation, its presence in the water would bo indicated by the 
amount of nitrogen in tho organic substance contained in the water. If the nitrogenous 
organic substanco in water could be regarded as originating solely from sewage, ami 
the nitrogen could be accurately estimated, it would be possible to determine the gre- 
iU'tit sewn yc -cunt a urination of river- water. Thus, the amount of organic nitrogen given 
by Professor Fraukland, as existing in tho water supplied to IiOiidon from tho Thames 
during tho months of January and February 1808, is, on the Average, *00045 grins, 
per litre, which would bo equivalent to 4,500 pts. of actu%) sewage in 1,000,000 pfs. 
of water, or nearly -5 per cent. ( Weekly Returns of the Registrar- General, xxix. 35, 69). 
But as this quantity is little above the average apparent error of experiment (p. 1031), 
such a result may be disregarded. Tho methods by w hich these estimations uro made, 
are described under the head of Watch Analysis (p. 1026). 

The amount of chlorine in fresh water, existing chiefly in the form of sod ic chloride, will 
often serve, in some degree, to indicate whether it has been contaminated with sewage 
or other forms of animal refuse, and also, in the case of water containing organic sub- 
stance, whether that is of vegetal or animal origin. It must be remembered, how- 
ever, that any inference from the presence of chlorine in water must (a« in tho case of 
nitrates) be limited by tho circumstance that it is a normal constituent of the content* 
of most natural water, and that, in certain localities, it exists in larger amount in water 
than in others. As a rule, water containing as much as *01 grm. of chlorine per litre 
may be suspected of being contaminated with drainage. (See R. A- Smith, On the 
Examination of Water for Organic Matter, Proc. Philos. Sue. Munch.) 

Tho wholesomeness of water appears to be intimately connected with its state of 
aeration. In perfectly aerated water, the ratio of oxygen to nitrogen is as 1 : 2 by 
Vox,. V. 3 U 
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rokmo (pp. 1014, 1017) ; and as this ratio is liable to be altered by the deeompositioi 
of organic substance in the water (p. 1018), the estimation of the gaseous contents „ 
water will often serve, in conjunction with the permanganate test, to indicate the actua 
character of the water, as regards organic subatanco. Whenever the oxygen amount; 
to less than one-third of the nitrogen, and the water also causes a considerable redno 
tion of permanganate, the presence of decomposing organic substance is probable 
(Miller, lac. cit. p. 124.) 

Hut water which is in a normal state of aeration, and does not cause any great re- 
duction of permanganate, may still contain organic substaneo, either dissolved oi 
suspended, which is susceptible of putrefaction, and therefore capable of rendering tlu 
water unwholesome (IT of m ann and Blyth, loe.cit. p. 5). Such water, under the in 
fluence of warmth and light, often becomes putrid, and evolves stinking gases, oi 
presents a copious development of conferva* and other minute organisms. The capa- 
bility of water to remain lor some days at a temporaturo of about 22° C\, withoul 
undergoing such change, is therefore another important point to be observed in reference 
to tho question of wholesomonoss. (Angus Smith, loc. cit, p. 1.) 

Itivor- water is frequently so turbid, from the presence of suspended organic sub- 
stance, as to be unfit for use without undergoing filtration. This is generally effected 
on the large scale — sand, gravel, and similar materials being used for the purpose. Bj 
this means the amount of organic substance is to sorno extent reducod, and even the 
saline contents appear to be partially abstracted. 

Tlie most oihvfual method of purifying water appears to bo that proposed by Dr, 
dark, of adding lime-water in such proportion as to combine with the free carbonic 
anhydride, and thus precipitate great part of the calcic carbonate. By this means the 
water is rendered soft, and a considerable portion of the organic substaneo is removed, 
Unfortunately, the removal of tlio carbonic anhydride renders the water flat and unpa- 
latable, and tho vast mass of calcic carbonate produced constitutes a serious difficulty. 
The addition of alum or aluminic chloride in small amount to the water has also been 
proposed for separating calcic carbonate and suspended organic substance by menus of 
tho basic aluminium salt produced, and then adding sodic carbonate to ensure the separa- 
tion of all the alumina. Tho addition of sodie silicate to water intended for the use of 
factories has been proposed by Buff and Vorsmunn, so as to precipitate the calcium and 
magnesium as silicates, and render the water soft. 

ISea-water is rendered fit for drinking on board vessels by distillation, anil afterwards 
forcing air into tho condensed water. (.See Urv s Dictionary of Arts, Manufactures, and 
Mines, iii. 985.) B. II. 1\ 

WATER ANALYSIS. The examination of natural water is most frequently 
required for t he purpose of ascertaining its fitness for economic and technical use, sonic- 
times also for ascertaining tho character of mineral water employed for medicinal 
purposes, &i\ The mode of operating is much the same in both cases, so far as relates 
to tho estimation of the various constituents of the dissolved contents; but, in refer- 
ence to water intended for ordinary use, several special methods of examination are 
adopted for estimating tho degree of hardness, amount and nature of the organic sub- 
stance, &c., which are not employed in tho analysis of mineral wafer. 

Tho specific gravity of water is best ascertained by filling a flask of known capacity 
(100 to 300 c.c.), and furnished with a long tubular stopper, with the water at a tem- 
perature of 1;V5° O., mu! weighing. Tho specific gravity of freshwater generally 
differs so little from that of pure water that its determination is not a matter of much 
importance. 

The colour of w ater should be observed by filling a flat-bottomed glass tube with the 
water, anil looking down through it at a white object, beside a similar tube filled with 
pure water. The presence of suspended substance and miiiuto vegetal or animal orga- 
nisms is also to be noted, us well us the smell or taste, both cold and when slightly 
warmed. 

Water is often either alkali no or acid, and to ascertain this it should be tested with 
very delicate litmus-paper, observing whether any change of colour produced on it, 
disappears or not when the paper is afterwards exposed to the air. In such cases tho 
reaction may be duo to the presence of carbonic anhydride or of ammonia. Water 
intondod for analysis should always be put at onre into stoppered glass bottles when 
collected, and these should be quite filled, and distinctly labelled. 

Estimation of Total dissolved- Solid Contents . — This is effected by evaporating a known 
volume of the water — from half a litre to 1 or 2 litres — nearly to dryness in a pla- . 
t mum-basin, which need not be large enough to contain the whole quantity at once, but 
can bo filled up from time to time. For this purpose the water should be perfectly 
clear; but sometimes the separation of suspended substanre cannot well be effected 
otherwise than by leaving the water tor a long time to settle, and then it is best to 
evaporate the wutor as it is. Care must be taken to avoid any access of dust or fumes, 
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and to guard against any loss by spirting. Water containing a largo amount- of 
gaseous contents must be very carefully heated at first, for this reason. When tho 
water has been reduced to a very small quantity, and the dissolved contents begin to 
separate, the evaporation is completed in a steam-bath, and the residue thoroughly 
dried at 100° C., until the weight remains constant. 

With mineral-water containing mognesic chloride, bromide, or iodide, which nro 
liable to be partially decomposed during tho evaporation, it is advisable to add a known 
quantity of pure sixlie carbonate, just sufficient to render the water alkaline, and to 
deduct the weight from that of the dry residue. But with fresh water this loss is of 
comparatively little importance, and it is preferable not to use sodie carbonate, which 
might cause decomposition of the organic substance. (See p. 1023.) 

This result is useful as a control of those obtained in estimating the several con- 
stituents of tho solid contents. No very close correspondence can bo expected, 
however, especially when the residue is dried only at 100° C., sineo it may then con- 
tain hydrated salts; but this is probably flic best temperature to employ generally, and 
at any rate in the first instance. 

Estimation of fixed Mineral Contents. — For this purpose the residue obtained by eva- 
porating tho water to dryness, is ignited until all tho carbon of tho organic substance is 
burnt oiF, and the weight noted. Ah earthy carbonates might bo partially decomposed 
by tins treatment, the residue is then to be covered with a saturated solution of car- 
bonic acid, again dried, and heated to about 500° C., this operation being repeated until 
the weight remains constant. This result, like the previous one, is chiefly useful as a 
control of tlu* other results of analysis. 

Estimation of Eusjinohd Substance. — It is often very difficult to render furhid water 
clear by filtration, and in such eases it is best to ovaj’onito the water at once with the 
suspended substance, and to fill u largo stopper (41 bottle of known capacity with tho 
water, leaving it until the suspended substance has subsided; then to draw off tlio 
clear water, collect the sediment on a filter, dried and weighed at. 100° (’., dry it at tho 
same ternporatuiv, and weigh/ aft e.rwardrt burning tin* filter and its contents, and 
weighing the residue. The weight of tho suspended substance dried at 100° in then 
to be deducted from that of tho residue left on evaporation of the water (p. 1026), 
and after its ignition the weight is to be deducted from that of the ignited residue of 
evaporation. 

Estimation of Hardness. — Clarks method is based upon tho fact, that when pure 
water is mixed with a very small quantity of alcoholic solution of Heap, and shaken for 
a few minutes, a froth is produced, which is persistent for some minutes, while, on tho 
contrary, when tho water contains calcic or imignesie salts in solution, no hucIi froth is 
produced until a sufficient quantity of soap-solution lms been added to decompose theso 
salts. The quantity of soap-sol ut ion requisite to produce the froth in water containing 
such salts is, moreover, to such an extent proporl iomito to tin? amount of these salts 
in tlio water, that- with a soap- solution of known volumetric value, the degree of Fin ni- 
nes* is indicated bv the quantity requisite to produce tlio froth in a given quantity r »f 
water. 

The hardness of water is expressed in degrees, eaeh of which represents ’01 grrn. 
of calcic carbonuto, or its equivalent of any other calcic or magnesiaii salt in the lilro 
of water. 

The soap-solution is made by dissolving white curd-soap in alcohol (specific gravity 
= ’92), and its strength is adjusted so that 100 e.c. suffice to produce tho froth with 
100 t\c. of a solution having 20° of hardness. This solution is prepared by dissolving 
*20 grm. of pure calcic carbonate in hydrochloric acid, evaporating the solution to dry- 
ness, so as to remove all excess of acid, then dissolving it in pure water, and making 
up the volume to exactly 1 litre. This standard calcium-solut ion, of 20° of hardness, 
is preserved in a well -stoppered bottle. A scries of other calcium -standards, varying 
from one decree upwards, may bo made by diluting that solution, in duo proportions 
with pure water. 

Tho water to be examined is measured with a pipette, guag^d to deliver 100 c.c. into 
a stoppered bottle of nl>out double that capacity ; and tin; soap-solution is added to it 
from a graduated burette in small successive portions, tho water being well shaken in 
the hot tie after each addition. This is continued until a persistent froth appears on 
tho surface of the water. A second experiment is then made comparatively, with iho 
water and the standard solution to which it approximates most closely hi hardness. 

When the hardness of water exceeds 20°, the indications of the sonp-lesl do not 
correspond with tho amount of calcic and magnetic salts iti the water, and in that case 
it should be diluted with such a volume of pure water, that its hardness »s reduced to 
within 20°, and 1-00 c.c. of the mixture tested. The degree, of hardness found for 
the mixture is multiplied by 2* 3, or 4, according to the extent to which the water half 
been diluted. 
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When the water contains any considerable amount of magnesic salts, the indications 
of the soap-test do not represent the full degree of hardness. It is therefore alwav* 
necessary, after applying the soap-test, to ascertain whether magnesic salts are present* 
or their presence may be recognised by the curdy appearance of the water after thl 
experiment. (Campbell, Phil/ Mag. xxxvii. 171.) k< 

After estimating the total hardness of water as above, a known quantity of the 
water should be boiled for an hour in a glass flask with a tube three or four feet lone 
resting on its neck' by a bulb blown at the lower end, to serve for condensing the watrr- 
vapour. When the water is cold, some pure water is added, to make up exactly for the 
loss by evaporation; and tho hardness is again estimated by the soap-test. It is gene- 
rally found to be reduced, after tho water has been boiled, in consequence of the precipi- 
tation of calcic and magnesic carbonates, originally held in solution by carbonic 
anhydride. 

Estimation of the Carbonates precipitated by Boiling . — For this purpose the precipitato 
formed in the last experiment may bo collected on a weighed filter, washed, dried at 
100°, and weighed ; any portion of the precipitate adhering to the flask maybe weighed 
by drying the flask, weighing it, and deducting the weight of the flask. The whole of 
tho precipitate is then dissolved by hydrochloric acid, and tho calcium and the magne- 
sium separated and estimated (iii. 753; i. 717). This precipitate may contain iron, 
manganese, phosphoric acid, silica, and sulphuric acid, which should be tested for and, 
if requisite, estimated. Sometimes, as in the analysis of fresh water, it is desirable 
to evaporate tho water to one-half or one-fourth, before collecting the precipitate. 

Estimation of the Gaseous Contents . — For this purpose a globular glass flask A 
C fig- 822) of about half a litre or a litre capacity, and having a strong piece of vulcanised 

caoutchouc tube B tightly 
fitted to its nock, is quit© 
filled with the water to 
be examined, and then 
closed by means of a brass 
Bcrew- clamp C, which 
presses the sides of tho 
tube closo together. Tho 
other end of the caout- 
chouc tube is then tightly 
connected with tho bent 
glass tube I) 15 F, having a 
bulb at F. This bulb is 
partly filled with water 
which is made to boil 
briskly, while the clamp 
C is still closed, and tho 
delivery end of the tube 
D dips into mercury, so 
us to drive the air out of 
the tube. After the boil- 
ing has been continued 
for 1 0 or 15 minutes, until 
no more air escapes at D, 
the jar M is filled with 
mercury, and placed over 
the delivery end of tho 
tube. The clamp C is 
then removed, and heat 
applied to the flask A, 
until the water boils. The 
boiling must be steadily 
kept up for fully an hour, 
and at last the water is made to boil briskly for a few minutes, so as to fill the 
delivery-tube with steam, and drive all the gas discharged from the water out of the 
tube into the jar M. The gas is then measured and analysed in the usual way. 
(Analysis of Gasbs, i. 268.) 

Estimation of Organic Substance . — For the reasons already stated (at p. 1023), the 
loss of weight, caused by igniting the residue left on evaporating water to dryness, 
affords no adequate indication of the amount of organic substance ; but it is often use- 
ful to observe the effect of heat upon this residue when igniting it (p. 1027), a® a means 
of judging as to the amount and nature of the organic substance present, and also as to 
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tlie presence of nitrates. . Several methods have beon proposed for the purpose of ex- 
amining water for organic substance, but the one which has been most used is leased 
upon the character] stically-marked oxidising action of potassic permanganate. Oxalic 
acid, dissolved in water, acidulated with sulphuric acid, fs readily and completely 
oxidised by permanganate, yielding carbonic anhydride and water, as follows : 
Mn 4 K a 0 8 1 ( 2SMnO*) ™ n 
3 SH*0* \ ) SK'O* { + 3H °* 

l 5 0 (80), 5 IPO 

5 <>H 3 0\ (460)1“ 10CO*. 

In like manner, when a few drops of a weak solution of permanganate are added to 
water containing organic substance and acidulated with sulphuric or hydrochloric acid, 
the permanganate yields oxygen to the organic substance, and the violet colour disap- 
pears. By testing the water with a permanganate-solution of known strength, itis 
therefore possible to ascertain how much oxygen the organic subBtaneoit contains may 
bo capable of abstracting from permanganate. 

The permanganate-solution, for testing water should bo of snch strength that 1 c.c. 
will be capable of yielding exactly *0001 grm. of oxygen ( =='0003955 crystallised per- 
manganate). Its strength should bo adjusted, immediately before using it, by means of 
a freshly-prepared solution of crystallised oxalic acid containing '7875 grm. per litre. 
100 c. c, of this solution, warmed with some dilute hydrochloric or sulphuric acid, should 
decolorise exactly 100 c.c. of the permanganate-solution. 

In applying the test, a litre of the water is mixed with acid in a glass flask, and the 
permanganate added from a graduated burette, in small successive portions, until the 
water retains a very faint violet tinge, the rate of decoloration being noted mean- 
while. It is then left for some minutes, and if the colour disappears, a further quan- 
tity is added, the observation being continued in this way for two or three hours or 
more. When the colour remains unaltered for half an hour, the volume of permanga- 
nate-solution, read off in cubic centimetres, with a small deduction for the portion 
which has remained unaltered, gives the quantity of oxygen absorbed, in tenths of a 
milligramme per litre of water. By operating in this way, sonic judgment may bo 
formed us to the state of the organic substance, or some portion of it, from the ruto of 
decoloration. (It. A. Smith, Estimation of Organic Substance in Water, p, 7.) 

Tho decoloration produced during t ho first five or f «-n minutes, may bo taken to 
represent putrescent or readily oxidisable organic substance, regard being had to tho 
possible presence of nitrites ; and a portion of tho organic substance is generally found 
to require a much longer time for oxidation — often as much as 24 hours. 

The test, may also be applied by adding at once a measured excess of tho permanga- 
nate-solution to tho water, and leaving it for throe hours, then adding a small 
quantity of potassic iodi do- solution with some starch-paste, and estimating tho quantity 
of iodine liberated by the excess of permanganate, with a standard solution of disodic 
hyposulphite containing 1 grm. of the salt per litre. Tho quant ity of this solution 
required todestroy the blue t int must be read tiff tho instant that colour disappears, as it 
returns after some time. The difference in cubic, centimetres between the permanganate- 
solution added, and the hyposulphite-solution used, gives the volume of permanganate 
decolorised by the organic substance of tho water. I'M i 1 1 n r, CJhe.m. Hoc. J, xviii. 1 17.) 

If the water under examination should contain nitrites, they would decoloriso 
permunganato in the same way as organic substance ; but their action js so very much 
more rapid than that of organic substance, that t he decoloration dm* to them may bn 
estimated approx i mat ivcly by this difference, or still better as directs! at p. 1033. Km* 
each *001 grm. per litre of nitrous acid (NO*), *000318 oxygen, or 3478 c.tv of 
permanganate-solution, is requisite. 

The principal defect of tho permanganate test, is, that it affords no certain means of 
distinguishing between harmless organic substance and that which may bo deleterious, 
except in so for as putrescent substances would probably be oxidised by tho permanga- 
nate most readily and most rapidly. Nor does it afford any means of distinguishing 
nitrogenous organic substance, which is considered to be the most prejudicial to the 
character of water for domestic use. 

With the view of superseding the perm Jingun ate test, it has been suggested, by 
Frankland and Armstrong (Chem. »Soc. J. xxi. 77, scy.), that the carbon and 
nitrogen of the organic substance may be estimated by operating u|>on the water residue, 
much in tho same way as the analysis of organic substances is made (i. 220 et #cy.). 

For this purpose, 1 litre of the fresh water is mixed with 30 e.e. of a fresh 
saturated solution of sulphurous acid, and boiled for two or three minutes. By this 
treatment, the carbonates are completely decomposed, and the carbonic* acid oxj>elled. 
Unless the water contains a considerable amount of carbonates, 2 grins, of sodic 
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sulphite is also to be added, for ensuring the saturation of the sulphuric acids 
wards produced during the evaporation of the water to dryness. The nitrites and 
nitrates in the water are alB© dbcomposed, and when there is a minute quantity ©f 
iron or phosphoric acid present, every trace of nitrogen existing in those, forms is 
separated. To ensure this result, however, it is advisable to add a few drops of ferric 
chloride solution to the water before evaporating it. The residue obtained from a 
solution of *1 grm. potassic nitrate ( = *014 grm. N) and *1 grm. sodic chloride in pure 
water, treated as above described, gave, on combustion, *00259 grm. of nitrogen ; but 
the residues of similar solutions, to which a drop of ferric chloride had been added, 
gave no trace of nitrogen on combustion. Three drops of ferric chloride solution 
removed all trace of nitrates from half a litre of water containing 24*66 parts of 
nitrogen as nitrates and nitrites, in 1,000,000 pts. 

After evaporating the water to dryness, at 100° C., the dry residue is mixed with a 
few grammes of plumbic chromate, and the whole transferred, in the usual way 
(i. 232), to a tube 16 inches long and sealed at one end. Tho tube is then charged with 
some granulated cupric oxide, and with bright copper turnings for about 3 inches of 
its length at the front part, and the open end drawn out before the blowpipe and bent 
downwards, bo that it can be connected with a Sprengel exhaustion-pump by a piece of 
caoutchouc tube, and tho connection immersed in a small vessel of water (us shown at A, 
fig. 823), Tho front part of tho combustion-tube is then made hot, and the pump workod 

Fig. 823. 



for five or ten minutes, until the air in the tube is as perfectly exhausted as possible. 
The calibre of the pump-tube should be 1 millimetre, and it is advisable to allow 
the mercury to flow very slowly, until the exhaustion is nearly complete, when a rapid 
stream is necessary to remove the last portion of air. 

To prevent any leakage of atmospheric air into the pump, the caoutchouc pinch- 
cock at B should be enclosed in a wide piece of vulcanised tube, and the clamp placed 
outside this, wliile the annular space between the two tubes is filled with glycerin, so 
that the pinchcork is entirely immersed in this liquid. With this arrangement, wh ic h 
is shown on a larger scale at D, the vacuum remains perfect for severaldays. 

A tube d t filled with mercury, is then placed over the bent end b , of the pump |n pk 
mercury trough C. to collect the gaseous products ; and the combustion is conducted 
the usual way (i. 233), care being taken that it proceeds very slowly at first, otherwise 
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acmnll quantity of carbonic oxide might be formed. The operation usually laats 
nearly an hour, and at its conclusion no gas will have passed into the tube d , unless 
the water residue contained much organic substaw^. The pump is then set to work 
again for Jive or ten minutes, to transfer the gas into the tube d. This gas, consist- 
ing of carbonic anhydride, nitric oxide, and nitrogen, is analysed in tho usual way 
(Analysis of Gasks, i. 268). By this method, *0000005 grm, carbon, and *000001 gnu. 
nitrogen, are stated to be distinctly measurable quantities. 

The quantities of gases thus obtained represent tho carbon and nitrogen of the 
organic substance contained in a litre of the water, and tiny nitrogen present in the 
water as ammonia. As tho amount of ammonia is estimated separately, the quantity 
of nitrogen corresponding to it can bo deducted from tho total quantity. 

The accuracy of the results obtained by this method evidently depends, in a great 
measure, upon the perfect removal of air from the t ube by the SprengeL pump ; and 
to ascertain the extent to which this can be dono, two combustions were made with 
*01 grm. sugar, and the quantity of nitrogen found was *019 e.c., and *013 e.c, at 0° C. 
and 760 mm. pressure, corresponding to 000024 and *000010 grm. of nitrogen, or 
•024 and *016 parts in 1,000,000 parts of water. 

The correction to be made for the error thus arising from imperfect exhaustion, is 
comprised in another correction for errors of manipulation and apparatus, tho amount 
ot‘ which is to be ascertained by making several blank experiments, in which a. litre of 
pure water mixed with IS c. c. of sulphurous acid solution, and about 1 grm. of recently 
ignited sodic chloride, is evaporated to dryness, and a combustion made with the 
residue, as above described. The mean quantities of carbon and nitrogen found in 
these experiments, are to bo deducted from thoso obtained in tho combustion of water 
residues. In order to reduce these errors to a minimum, it is uf the utmost importance 
* to insure the purity of the cupric oxide and plumbic chromate, &e. used in tho opera- 
tion, and to guard against any access of dust or organic substance to them, or to tho 
water, during any stage of the operation. 

To show the extent to which this method may bo depended upon for estimating thn 
minute quantities of carbon and nitrogen in tho organic substances likely to bn 
present in a litre of waiter, several experiments were made with pure water, mixed 
with carbonates and known quantities of sugar or urea, varying from *01 to *035 grm. 
per litre. Tho rosults obtained for carbon differed from the calculated quantities to 
the extent of. from 1*28 to 15 por cent., the uverago apparent error being 00043 grin, 
on tho carbon; tho largest difference representing 1*22, and the smallest *00 pails of 
carbon in 1,009*000 parts of water, or 2*022 and *3 parts of the organic hu bstnnce. 
The results obtained for nitrogen differed from tho calculated quantities to the extont 
of frqm *64 to 6*83 per cent., and in one instance 25*1 per eont., the average apparent 
error dbeing *00035 grm. on the nitrogen ; the largest, differ unco representing! *21 and 
*56, and tho smallest *03 parts of nitrogen in 1,000,00ft ysirts of water, or 2*69, 1*17, 
and *13 parts of the organic substance. Tho quantities of nitrogen operated upon in 
these experiments were much larger than those found in water of moderate quality. 
With mixtures of pure water, calcic carlionato, and sewage, in three different propor- 
tions, the following results were obtained : 
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ft The method proposed by Wanklyn in conjunction with Chapman and Smith 
(Chem. 8oc. J. 446, 691), relates especially to the nitrogenous organic substance in 
water. It does not, any more than the combustion ortho permanganate method, afford 
the means of estimating the actual amount of this substance ; but it has the advantage 
of being directly applicable to tho water itself, and of furnishing results in a very 
short time without much trouble, so that, in regard to nitrogenous organic substance, 
it corresponds to the soap-test as regards hardness. This method of testing tho 
quality of water is based upon the fact that albumin and the nitrogenous substances 
aojtartimes present in water, yield a considerable portion of their nitrogen in the form 
ai Ep fcnopia when heated with a strongly alkaline solution of potossic permanganate. 
Krr this purpose, it is necessary in the Erst place tn separate too ammonia existing as 
Sftch in the water, and to decompose any urea that may be present. The operation is 
edft^fteted as follows 
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I. A litre of the water is mixed with about 2 grms. sodic carbonate in a retort, and 
rapidly distilled, until the distillate, collected in separate fractions of 100 c. e., no 
longer gives any indication of ammonia with Neseler’s test. With ordinarily good 
water, this generally happens when about 300 c. c. has passed over, and then the 
distillation is stopped. The quantity of ammonia in the first 100 c.c. may be esti- 
mated as ammonia actually present in the water, and that in the remainder of the 
distillate as representing urea, or the whole may be estimated together (see under). 
The decomposition of urea by boiling with sodic carbonate appears to depend very 
much on the presence of such impurities as generally accompany it in,urineor sewage; 
pure urea is very slowly and imperfectly decomposed ( toe . cit. p. 594). 

II. The portion of the water remaining in the retort is then mixed with 20 c.c. of 
caustic potash solution— equal parts potash and water — and again distilled. When 
300 c. c. has passed over, the distillation is stopped, and the ammonia in the distillato 
estimated by the Nessler test. 

III. About *3 grms. of crystallised potassic permanganate is then added to the 
contents of the retort, and, if requisite, 100 or 200 c.c. of pure water, the distillation 
recommencod, and continued until 300 c.c. has come over. The ammonia in this dis- 
tillate is estimated as before, and taken, together with that in the second distillate, as 
representing about two-thirds of the nitrogen in the albuminoid substance present in 
the litre of water. 

Experiments made with solutions containing from 7 to 42 pts. fresh white of egg, 
or from 1 to 6 pts. of dry white of egg in 1,000,000 pts. of pure water, gave, by this 
treatment, quantities of ammonia which corresponded with the quantities of white of 
egg to within 5 per cent., the average absolute error being *000004 gnn. on tho 
calculated quantity of ammonia obtainable. 

Estimation of Ammonia . — A litre of the wator is mixed with 2 grms. sodic carbonate, 
and distilled until 100 or 200 c.c. has passed over, and the ammoni.i estimated in the 
distillate by Neasler’s method. 

Tho test-liquid for this purpose is prepared by mixing a concentrated solution of 
mercuric chloride with a solution of potassic iodide in 4 parts of water, until the 
mercuric iodide 'formed ceases to be dissolved on stirring tho mixture ; then adding 
potash-solution — equal parts potash and wator — until the potash amounts to six 
times as much as the mercuric chloride, and diluting with water until the liquid con- 
tains about 25 grammes per litre of mercuric chloride. After a day or two, the liquid 
becomes clear and colourless, and it is then decanted off for use. 

About 3 c.c. of this test-liquid is added to one-half of tho distillate from tho water, 
in a tall narrow glass jar, and if it contains no ammonia no alteration of colour is 
producod ; but if ammonia is present, to the extent of more than *002 per litre, the 
water acquires a yellowish tinge, which is deeper in proportion to tho quantity of am- 
monia, and when this is largo a precipitate is produced. 

The quantity of ammonia in the distillate may be estimated, approximately, by the 
depth of colour, and afterwards more accurately by comparing the depth of colour 
produced in the other half of the distillate with that produced m an equal volume of a 
solution containing a known quantity of ammonia, as nearly as can be judged equal to 
that in the distillate, on adding to each equal quantities of the test- solution, and 
repeating this comparative observation with different quantities of ammonia, until the 
tint of fhe standard solution coincides with that of the distillate. Eor this purpose a 
standard solution of ammonic chloride, containing *317 grm. (» *1 grm. Nil*) per 
litre, is prepared, and kept for making tho solutions for comparison, by mixing a 
measured quantity with pure water to the volume of 100 c.c. 

By this means very small quantities of ammonia may be estimated to within about 
5 per cent, of the actual quantity. When the amount of ammonia in the water 
exceeds *001 grm. per litre, the distillate must bo diluted with water free from am- 
monia before applying the test ; or the ammonia may be estimated with a standard 
solution of sulphuric acid (i. 190, 261). 

Estimation of Nitrates and Nitrites . — The presence of nitrates or nitrites in water 
may he indicated by the deflagration of the residue left on evaporation, when it is 
ignited ; or one of the tests for nitric or nitrous acids (described in iv. 83, 85) 
may be applied to a portion of the water evaporated to a tenth of its volume,. and 
filtered. The amount of nitrous acid may be approximately estimated by means of 
permanganate-solution, especially if there is no organic substance present, or if it can 
be separated by mixing the water, before evaporating it, with a few drops of aluminie 
chloride, and then with sodic carbonate, and filtering. Each cubic centimetre of the 
permanganate decolorised by nitrates, represents '0002875 grm. NO*. The results 
thus obtained will always bo somewhat uncertain. w 

Professor Frankland estimates the total amount of nitrogen present in the form of 
nitrates and nitrites by a method based on the reduction of the acids by mercury 
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(Oram, Phil. Mag. xxx. 426). A litre or half a litre of the water is evaporated to a 
small bulk, mixed with a very slight excess of argentic sulphate to convert any chlorides 
into sulphates, and filtered. When the water contains nitrites, they should be con- 
verted into nitrates before the evaporation, by means of porraauganate-solution. 
The filtered liquid is then evaporated in a small beaker, to about 2 or 3 c.c., and 
transferred to a glass tube open at one end, and furnished with a stopcock and funnel- 
shaped mouth at the other end, as shown in Jig. 824. This tube is first 
filled with mercury in the mercury-trough, and after the water-residue has 
been poured in, the beaker is rinsed first with water, and then with rather 
more than 3 c.c. sulphuric acid, which is also poured into the tube, care begin jjgp| 
taken to avoid the admission of any air below the stopcock. This is then K J 
closed, and the lower end of the tube is closod, while immersed in the mercury- My* 
trough, by the thumb; so that, on removing the tube from the trough, the 
contents of the tube may bo shaken well together, whilo an unbroken column wSjP 
of mercury, at least an inch long, remains between the acid liquid and the 
thumb. The evolution of nitric oxide soon begins to exert a pressure within m l 
the tube, which should be resisted ; and within five minutes, when the Iffl; 
reaction would be at an end, tho gas is transferred under mercury to a suit- |g| 
able measuring apparatus, and the volume determined in the usual way. 

To ascertain the degree of accuracy of this method, two experiments were made BHfj 
wiLh *02 and *01 grm. of potass ic nitrate ; those guvo quantities of nitrogen, Iff i 
which were *000125 and *000038 grin, in excess of tho calculated quantities. Hi || 
It was ascertained that urea, creatine, uric and hippuric acid, gavo no trace of Hi | 
gas when agitated with mercury and concentrated sulphuric acid. H 1 

Estimation of Sulphuric Acid. — A litre of the water is evaporated in ft p| J 
beaker to one-fourth or less, then acidulated with hydrochloric acid to dis- H| D 
solve any precipitate, baric chloride solution added in excess, and tho pre- Hi J 
cipitate collectwl as described at p. ii37. mi | 

Estimation of Chlorine.— A litre or more of tho water is evaporated to about ||jj 
200 c.c., acidulated with nitric acid, and the chlorine estimated as argentic Bj 
chloride, as described in i. 903. K|: 

With water containing large amounts of sulphates or chlorides, it is not H 
necessary to operate on so much as a litre, or to evaporate the water. This I ||| 
may be judged of by the qualitative examination of the water. w j 

Estimation of Carltouic Acid. — That portion of the carbonic acid which cor- Bi 
responds to the neutral carbonatoH in the water, may bo estimated by evapo- 
rating a quantity of the water nearly to drynoss, in a small glass flask, aud treating the 
residue as described under tho heads Acidimktry and Amcalimktry (i. 38 and 119). 

Tho total amount of carbonic acid in mineral -water may also be estimated by mixing 
a measured quantity of the water with about one-fifth of a perfectly clear solution of 
baric chloride and ammonia in a wcll-stoppered bottle, and leaving it for some days 
until the precipitate has perfectly subsided. The clear liquid is then decanted off, as 
much as possible without access of air, the bottle filled with warm water free from 
carbonic add, closed, and left till the precipitate has subsided ; the clear liquid is then 
decanted, aud this operation repeated until the precipitate is sufficiently washed. It 
is then collected on a filter, dried, ignited, and weighed, care being taken that any por- 
tion oausticised during the burning of tho filter is reconverted into carbonate. The 
amount of carbonic acid is then estimated, either in the whole or in a portion of this 
precipitate, with dilute nitric acid, in an apparatus similar to Jig. 6 (i. 119); but having 
a bulb blown on the tube a b at the upper end, whilo the lower end reaches only hajf- 
way into the flask, and is contracted, so that the acid contained in tho bulb at b cannot 
flow out into tho flask, while the wax or caoutchouc plug is in its place. After 
weighing the flask, the plug is loosened for an instant to Jet out some acid, and this is 
repeated from timo to time until the carbonate is completely decomposed. The flask A 
is then placed in hot water, suction applied very gently to the tube d, while the plug 
is loosened at the same moment, and air is drawn through until the carbonic acta is 
entirely removed, when the apparatus is again weighed. 

Estimation of Sulphuretted Hydrogen . — A litre or more of the water, acidulated with 
acetic acid, is mixed with Borne thin starch-paste in a large flask, and a solution of iodine 
in potassic iodide added from a graduated burette, until a persistent blue coloration 
is produced. The iodine-solution used for this purpose should contain *7938 grm. per 
litre, and then each cubic centimetre represents *0001 grm. sulphur. 

Estimation of Iodine and Bromine. — The residue obtained by evaporating 10 or 20 
litres of the water in a platinum-basin, is rubbed with alcohol of 90 per cent, until 
all the soluble porting is extracted. The solution is then filtered and evaporated to 
dryness. In the residue, iodine is estimated with palladia chloride as directed in 
iii. 296, and bromine as directed in i. 678. 
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The portion of the saline residue which, is not dissolved by alcohol, may be used for 
estimating silica, aluminium, manganese, barium, strontium, phosphoric acid, lithium, 
fluorine, &e., by the methods described under these several heads. Ccesium and rubidium 
are tested for, and estimated, as described in i. 1113, and at p. 130 of this volume. 

Borid acid is tested for by evaporating a quantity of the water to a small bulk with 
sodic carbonate in excess, filtering, and nearly saturating the filtrate with hydrochloric 
acid, then evaporating almost to dryness, separating sodic chloride by filtration, and 
testing tho filtrate as described in i. 639. 

Estimation of Silica . — The residue loft after ignition of the solid contents (p. 1027), 
is moistened with water, mixed with excess of hydrochloric acid, and the silica sopa- 
rated as described at p. 246. Sometimes it is prcforable to mix a litre or more of the 
water with a moderate excess of hydrochloric acid, and evaporate it to dryness for 
the estimation of silica. 

Estimation of Aluminium, Iron, Manganese , and Phosphoric Acid . — The filtrate 
from the silica is evaporated to a small bulk in a beakor; then mixed with amnionic 
chloride, a slight excess of ammonia free from carbonate, and some amnionic sul- 
phide ; and kept for some hours at a gentle heat in a well covered beaker. The pre- 
cipitate is collected on a filter, and washed, out of contact with air, with water con- 
taining some ammonic sulphide. The filtrate is set aside, and the precipitate, which 
may contain alumina, ferrous and manganous sulphides, and phosphoric acid, is either 
dried, ignited, and weighed, if the quantity is very small; or it is dissolved hi hy- 
drochloric acid, and the solution is boiled with a few drops of nitric acid to oxidise the 
sulphides. When manganese is present in any considerable amount, the solution is 
nearly neutralised with sodic carbonate, mixed with buy tic carbonate in excess, 
and left for some hours in the cold. The precipitate is collected on a fill or and washed, 
dissolved in hydrochloric acid, the barium separated with sulphuric acid, and tho 
uluminium and iron separated as directed under Iron (iii. 387). The filtrate from 
tlio precipitate produced by barium-carbonuto will contain the manganese : the barium is 
. separated by sulphuric acid; manganese precipitated by ammonia and ammonic sulphide; 
and the washed precipitate is dried, ignited, and weighed. Tho filtrate should be tested 
for calcium and magnesium. When manganese is absent, or thero is only a minute 
trace, the solution of ferrous sulphide may be at once treated with potash to separate 
iron and aluminium. 

Estimation of Calcium and Magnesium. — The filtrate from alumina and tho sul- 
phides is mixed with a slight excess of ammonic oxalate, and the calcium estimated as 
directed in i. 717. Magnesium is separated from the alkalino salts with mercuric 
oxide as directed in iii. 763. 

Estimation of Sodium and Potass mm. — The filtrate from the magnesia is evaporated 
to dryness, and the residue weigh od, then dissolved in water, and tested for sulphuric 
acid by adding to a portion of the liquid a few drops of alcoholic solution of strontic 
chloride, and some alcohol. If ns precipitate appears, sulphuric acid is not present, 
and potassium is then separated and estimated with platinic chloride (iv. 699). If sul- 
phuric acid is present, add some alcoholic solution of strontic chloride and some alcohol 
to tho solution, and let it stand for some time , then collect the strontic sulphate on a 
filtor, wash with weak alcohol, dry, ignite, and weigh. Potassium is then estimated iu 
the filtrate with platinic chloride. By deducting from the total weight of the alkaline 
salts the weights of the potassic chloride and of the sodic sulphate corresponding to tho 
sulphuric acid obtained as strontic sulphate, the quantity of sodic chlorido is ascer- 
tained, and the total quantity of sodium may be calculated from these data. (See 
Fresenius, Quantitative Analysis . ) 

Potassium and sodium may also bo estimated by evaporating a separate portion of 
the water to a small bulk, precipitating sulphuric acid with baric chloride, and mag- 
nesia with baryta-water, filtering, and then precipitating the excess of calcium and 
barium by ammonic carbonate, again filtering, and evaporating the filtrate to dryness. 
The residue is ignited, and dissolved in water ; and when the calcium and magnesium 
are perfectly separated, the potassium is estimated by means of platinic chloride. 

Statement of the Results of Water Analyses . — In stating the results obtained in the 
analysis of the contents of fresh or mineral -water, it has been customary to allocate 
the several acid and basic substances in various forms of combination, and, in a man- 
ner which is very much matter of individual fancy, to assume the existence in the 
water of certain of the salts which those substances are capable of forming. It may 
sometimes happen, therefore, that the statement of the same analytical results obtained 
by two chemists in the analysis of any particular water will, in this way, present, at 
first sight, an apparent diversity, which would be perplexing to those who do not 
understand the reason of the difference. The possibility of comparing the results of 
water-analyses is one of the most important requisites for all practical purposes for 
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certain portions of magnesium, calcium, and sodium present in water bo represented as 
calcic and magneBic chlorides and sodic sulphate, or whether they be represented as 
calcic and magnesic sulphates and sodic chloride, than to be able to perceive at a glance 
whether, in reference to other analyses, the total amounts of the several substances 
present are the same or different. As regards the practical utility of such analy- 
ses, it would therefore seem desirable to avoid all hypothesis in stating their results, 
and to render these statements strictly comparable one with the other. This may easily 
be done. Thus, for instance, in the case of wator containing calcic, magnosic, and sodio 
*alts which are chlorides, sulphates, and carbonates, the simplest mode of Btating the 
analytical results is to give the respective amounts of calcium, magnesium, sodium, 
chlorine, and, in the case of oxy salts, those portions of them which aro equivalent to 
cblorino— as, for instance, sulphuric acid (SO J ) and carbonic acid (CO*). The analyses 
quoted in this article are therefore stated in this manner. 

The amounts of the several constituents of the solid contents are, in the ease of fresh 
spring* and river-wator, expressed as parts by weight in 1,000,000 pts. by weight of 
water. These data, which are in most instances sufficiently minute, aro easily conver- 
tible iu such form, as to correspond either witli the metric system of weights and mea- 
sures, or with that used in this country. Tiius, for instance, in reference to fresh- 
water — the density of which docs not differ from that of pure water to such an extent 
as to require notice, the litre being 1,000 grins. — theso data represent milligrammes per 
litre of water, or grammes per cubic metre. The gallon being 10 pounds, they also 
represent pounds per 100,000 gallons. Thus the total solid contents of the Witley 
spring-water (Table I.) amount to '070 grin, por litre, the calcium to *008, the magne- 
sium to *002 per litre, and so on, the fraction in thiscuse being disregarded. These 
proportions aro the same as 7G, 8, and 2 grms. por cubic motro, or 70, 8, and 2 pounds 
por 100,000 gallons. 

The data given in tho tables may also be expressed as grains per gallon by multiply- 
ing with -07. Thus the solid contents of the Witloy Spring-water amount to 76 * *07 "• 
5*32 grains per gallon, the calcium to 8 x *07 =» *66, and the magnesium to 2 x *07 » 
■14 grains per gallon. Tho numbers representing hardness are, in like manner, conver- 
tible into degrees of Clarke’s scale by multiplying with *7- 

The data given in tho table for the gaseous contents represont cubic Centimetres 
per litre in the case of fresh spring- and river-water at the ordinary temperature of tho 
water, and in the ease of mineral-water at 0° C. and a pressure of 760 mm. These 
data are convertible into cubic inches per gallon, by dividing with 3*738. 23. H. P. 

WAVS&LITB. Native phosphato of alumina, containing 3Al*O a .2P*OM21I O. 
(See Phosphates, iv. 651.) 

W AX. This term, originally restricted to beeswax, is now extended to a class of 
bodies of similar character, partly of animal, partly of vegetable origin. Only a 
few of them have been accuAitoly investigated. They are compounds containing but a 
tin fill proportion of oxygen, and consisting of tho higher members of the series of futty 
acids, OlI^O 1 2 , partly free, partly in combination with alcohol-radicles ; blit they differ 
from tho fats in not containing glyceiyl. They are more or less hard at ordinary tem- 
peratures, softer when warmed, and melt below 100° ; aro insoluble in water, sparingly 
soluble or insoluble in alcohol, soluble in ether, volatile and fixed oils, carbonic 
disulphide, chloroform, &c. They are not volatile without decomposition, and hum 
with a bright flame when heated in tho air. They aro not easily saponified by boiling 
witli potash-ley, more easily by fusion with solid potash. 


1. Animal Wax. 

The only waxes known with certainty to bo of animal origin are— common beeswax; 
Andaquies wax (i, 291), the produce of a peculiar kind of bee found near the Oronoco 
and Amazon rivers; and spermacoti (p. 397). Chineso wax, or Pela, is supposed, hy 
Bums authorities, to be a secretion -product of an insect, like beeswax, bnt it is more 
generally regarded as a plant- wax, exuding from Ligusttwn luridium and other trees, 
when punctured by an insect. 

Beeswax* Ordinary Wax . Cera.. — This is the substance with which bees build 
their cells: it was formerly supposed that the bees extracted it ready-formed from 
plants ; but direct experiments have shown that bees fed upon pure sugar continue to 
produce wax, which must therefore be regarded as a true animal secretion. 

lleeswax, at ordinary temperatures, is tough and solid ; it has a yellow colour, a 
peculiar odour, and unctuous feel. When exposed, In thin shreds, to the air and sun- 
shine, it becomes bleached, and somewhat less fusible. It may also b* blcachm by 
means of nitric acid. Chlorine likewise bleaches it, but, at the same tune, forms a 
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substitution-product, so that when candles made of wax thus bleached are burned, they 
give off irritating vapours of hydrochloric acid. According to A. Smith, wax may also 
be bleached by means of potassic bichromate and sulphuric acid. 

Bleached wax contains, according to Lewy’s analysis, 80*2 per cent, carbon, 13*4 
hydrogen, and 6*4 oxygen. It is a mixture of three different substances, which may be 
separated from one another by alcohol, viz. — 1. Myricin (iii. 1069), insoluble in 
boiling alcohol, and consisting chiefly of myricic palmitate, G li H* 1 (C w H ,,, )0* 

2. Ceroticacid, C 27 H a4 0 2 (i. 836, formerly called corin, when obtained only in as 
impure state), which is dissolved by boiling alcohol, but crystallises out on cooling 

3. Cerolein (i. 836), which remains dissolved in the cold alcoholic liquid. 

Beeswax is decomposed by dry distillation, giving 'off, first, a small quantity of 

water containing Acetic acid, and, according to Polex, propionic acid; then a product 
which forms, on cooling, a white buttery mass, called wax-butter, or Butyrum ctr m, 
afterwards a more and more liquid oil, called wax -oil, still retaining a small quantity 
of solid matter ; and Anally leaves a carbonaceous mass. No acrolein is given off, but 
permanent gases, chiefly carbonic anhydride and ethylene, are evolved during the whole 
process of distillation. (Ettling.) 

Wax-butter, purified by pressure from adhering oil, is mainly composed of solid 
hydrocarbons, cerotene, C 27 U 54 , and molissene, C 80 !! 80 , together with palmitic 
acid. The liquid oil, when purified by rectification, consists chiefly of hydrocarbons, 
OH*" ; it has a specific gravity of 0*700 at 11°, and boils at 137°. 

Wax, when distilled with lime, yields nearly the same products as when distillid 
alone. It is but slowly and incompletely saponified by potash-ley, which unites, in tlie 
first instance, with the cerotic acid ; after prolonged boiling, a kind of soap is formed, 
which floats on water, and, when neutralised with an aeid, yields myricin. 

flitric acid acts upon wax, even at a gentle heat, converting it into an oily mass, 
which contains pimelic, adipic, and lipic acids, and by prolonged boiling with nitric 
acid, yields succinic acid. — .Strong sulphuric acid dissolves wax at 60°, the mass solidi- 
fying as it cools ; at higher temperatures, carbonisation takes place. — Chlorine, decom- 
poses melted wax, forming chlorinated products. 


2. Vegetable Wax . 

Wax is very widely diffused in the vegetable kingdom, occurring frequently as a 
coating on various parts of plants — as stalks, leaves, fruits, &c. 

Several of the more important plant-waxes have beon already described in their 
alphabetical places — viz., carnauba-wax (i. 805), eork-wax or cerin (i. 837), pine-wax 
or ceropic acid (i, 836), sugarcanc-wax or cerosin (i. 836), myrtle- wax or myrica- 
tallow (iii. 1069), ocuba-wax (iy. 173), and palm-wax (iv. 337). 

Chinese wax, or Pela, also called vegetable insect-wax, or vegetable spermaceti , is 
generally supposed to be produced on cortain trees by the puncture of a species of 
Coccus. It envelopes the branches as a soft white coating, about aline in thicknes, and 
is separated by fusion in boiling water. It consists almost wholly of cerotylic cerotate 
C 27 H”(C 27 H«)0 2 , contaminated only with small quantities of fatty substances. Its 
physical properties and most of its reactions have been already described (i. 837). 
When it is boiled for some time with 4 or 6 vols. of nitric acid, of specific gravity 
1*40, a liquid distils over, containing butyric, oonanthylic, and caprvlic acids, and in 
the retort there remains a liquid containing anchoic or lepargylic acid (i. 289), togethei 
with small quantities of pimelic and suberic acids. 

Cow tree-wax, obtained by evaporation from the milk of the cow-tree (Palo de 
Vaea , Brosimum Galactodendron), is a waxy substance, which softens at 40°, melts at 
60°, is insoluble in cold alcohol, but dissolves completely in boiling alcohol, and is 
saponified by alkalis. According to Berzelius, it resembles beeswax more closely 
than any other kind of wax. Essentially different from this wax are the resinotia 
bodies and caoutchouc-like substance which Marchand obtained from the milk of the 
cow-tree. (J. pr. Chem. xxi. 43.) 

Cuba-wax is a yellowish-brown wax, of unknown origin, imported from Cuba. Il 
is softer than bees-wax, dissolves in warm ether and turpentine-oil, and almost 
wholly in boiling alcohol. According to Brandes, it contains 76*6 per cent, cerin 
10*6 myricin, 9*2 balsamic rosin, and 3*5 water. 

Jap an -wax, also called tree-wax , and improperly American wax, is obtained in th< 
Bast Indies from the root of Rhus succedanea . It is yellowish-white, of about th< 
consistence of bleached beeswax, but somewhat softer and more friable ; insoluble ir 
water, slightly soluble in absolute alcohol at ordinary temperatures, completely at tin 
boiling heat, soluble in ether and in volatile and fixed oils. Different samples melt a 
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42° to 63° or 55°. It is not a true wax, but a glyceride, being resolved by fusion with 
potassium-hydrate into palmitic acid and glycerin. By dxy distillation, it yields pal* 
mitic acid and acrolein, a product never obtained from the true waxes. By prolonged 
boiling with nitric acid, it yields succinic acid. 

Stop-wax, or Propolis, is the waxy substance with which bees cover over the 
cracks in their combs. Boiling alcohol extracts resin from it, leaving a substance 
called propolin, which melts at 67 -t 58°, emitting an odour of honey. (Feller in, 
J . Pharm. viii. 433.) 

WAX* rOBBXXta Syn. with Ozocerite (iv. 322). 


VAX-BITTTUL 

WAX-OIL. 


See Wax (p. 1036). 


WBB8TSXITX. Native tribasic sulphate of aluminium, 3A1*0*.S0 B ,9H* 0, also 
called alu mi n i te. (See Sulphates, p. 679.) 

WIHXLITE. A massive granular mineral, from Syurrasko in Hungary, resem- 
bling lievrite, and containing 34 6 per cent, silica, 012 alumina, 42*38 ferric oxide, 
15*78 ferrous oxide, 0*28 manganous oxide, 6 84 lime, and 1*00 water, agreeing nearly 

with the formula Jq^q | Si0 2 .(Fe ? 0*.Si0 2 ). Before the blowpipe it melts on the edges 
only ; acids decompose it with difficulty. (Wehrlo, Lcouh. N. Jahrb. 1834, p. 627.) 

WHXS8XOXTX3. This name was given by Jeuzsch to small felspathic monoclinio 
crystals, from the almond-stone of Weissig in Saxony, apparently identical with ortho- 
clase (Jahresb. 1853, p. 803 ; 1854, p. 829 ; 1865, p. 947). 

WX2ISSXTS. A hydrated dichroite, resembling fahlunito, from Fahlun in Sweden 
(Troll e- Waclitmeister, Pogg. Ann. xiii. 371 ; xiv. 190), and Pottou in Upper Ca« 
nada ( J. pr. Chom. xiv. 35) : 

8102. A1*0». FeO. MnO. MgO. CaO. K’O. Na*0. WO. 

Fahlun 59*69 21*70 1*43 0*63 8*99 0*30 4 10 0*68 3*20 - 100*72 

Canada 6505 22*60 12*60 . . 6*70 1*40 .... 2*26 - 99*60 


WELD; Kemla Lutcola. {Dyrr's Weed. Gauds . Wau.) — A biennial plant growing 
wild in many places, especially on chalky soils, and cultivated for use in dyeing. It 
contains a yellow* colouring-matter called lut.eolin (iii. 736), and is much used for 
dyeing silk a golden-yellow, and in paper-staining. 

WELTER’S BITTER. Syn. with Picnic Acid (iv. 400). 

WSBN1UIITB. Syn. with Scapolite (p. 203). 

WH1AT, See Cereals (i. 823);— also a paper, by Lawos and Gilbert, On 
some Points in the Composition of Wheat-grain , its Products in the Mill, and Bread. 
(Chom. Soc. Qu. J. x, 1.) 

WHEWZLLITE. Monoclinic crystals, observed by Brooke on a specimen of 
oalcspar of unknown origin, and consisting, according to Sandall (Phil. Mag. xvi, 449), 
of calcic oxalate, (C’CaOMLUO ?) 

WHISXT. Spirit obtained by distilling the fermented wort of corn, sugar, or 
molasses, but generally the former. 

WHITE AJrTXXOinr. Native antimonioua oxide, Sb 2 0*; syn. with Vaixmtx- 
NiTK (i. 323). 

WHITS ABSEHIC. Arsonious oxide, As f O > (i. 373). , 


WHITE COVPSULS. Native ferric sulphate, Fe J (SO«)\9H a O, also called Co* 
quimbite (p. 695). 

W HI T E ZEOS P7HZT1B. The trimetric form of native disulphide of iron, 
FeS*, also called Marcasite (iii. 402). 

WHITE HEAD. Amorphous baBic carbonate of lead, used as a pigment (i. 786). 

WU1TB-LEAD OBI. Native carbonate of lead, PbCO*. 

WHITS TIGBIHHT0. The white pigment most in use is white lead : it sur- 
passes all others in “ body” or opacity, but has the defect of turning black when ex- 
posed to an atmosphere containing sulphuretted hydrogen. Sulphate of barium and 
oxide of zinc are free from this inconvenience ; the latter is extensively used as an ar- 
tist’s colour, both for oil- and water-painting. Mixtures of white lead and barium-sul- 
phate are often used in bouse- painting. Levigated chalk, known in France by the 
names blanc cPEepagne, blanc de Meudon , blanc de Bougival , blanc de Troyes ou de Cham • 
pnyne, according to the locality from which it is obtained, is also employed as a white 
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pigment, but appears to have been used in ancient times much more extensively n 
at present. y 

WHITE TEE&VRZUM, Sylvanite, containing lead and antimony (p. 547 ). 
WHITE VITRIOL. Sulphate of zinc (p. 6 17). 

WHITBTETITfi. An arsenide of copper from Houghton County, Michigan 
massive, reddish-white ; of specific gravity 8*408. Melts easily before the blowpipe’ 
giving off arsenic vapours. Dissolves in nitric acid. Contains, according to Genth 
(Sill. Am. J. [2], xxvii. 4 00), 11*61 por cent, arsenic, 88' 13 copper, and 0 40 silver and 
insoluble matter, agreeing with the formula Cu ,a As 2 . 

WICHTISITE, WZHTZSZT35, or WICHTYW. A silicate from Wihtis in 
Finland; amorphous; specific gravity = 3*00. Molts before the blowpipe to a black 
enamel, and is not stacked by acids. Analyses : a by Laurent (Ann. Gh. Phys. [2], 
lix. 109); b by Stromborg (Arppe, Analyser af. finska Min. p. 17): 

Si02. *l*-’0\ Fe*O a . FeO. MnO. CaO. MgO. Na^O. 

a. 66*3 13 3 4 0 13*0 . . 6*0 3*0 3*6 = 99*1 

b. 6424 14*27 . . 15*62 2*70 5*65 3*86 3*88 « 100*22 

WI&LEMITE, WILHELMITE, or WZXaU^LEZSZTB. Anhydrous ortlio- 

silicato of zinc, Zn-SiCM, or 2ZnO.SiO*, occurring in crystals and massive at Franklin, 
New Jersey, and on the Buchsbach Berg, near Aachpn. The crystals aro combina- 
tions of a rhombolicdron with a hexagonal prism. Length of principal axis = 0*685. 
Angle R : R (terminal) «= 116°; oR : It = 141° 39*5'. Cleavage distinct, lateral, 
and basal. Hardness — 5 5. Specific gravity = 3*935 — 4*18. Whitish or greenish- 
yellow, or greyish- white with rather weak vitreo-resinous lustre. Streak uncolonr.nl. 
Transparent to opaque. Brittle. Fracture conchoidal. Contains, when pure, 27 '51 
per cent, silica, and 72*46 zinc-oxide. 

A variety called troostite from Sterling, New Jersey, has the zinc partly replaced 
by iron and manganese, the ferrous and manganous oxide together amounting to about 
9 por cent. 

WZLLIAMSITE. Syn. with Willemith. The name is also applied to a grey, 
laminar, non-aluminous serpentine, from Westchester, Pennsylvania (p. 237). 

WILLOW. Tho inorganic constituents of the leaves, wood, and bark of Salir 
viteUina have been examined by lteichardt (Arch. Fharm. [2], lxxiii. 257 ; Jahresb. 
1853, pp. 581-585), with especial reference to the variations in their total amount, and 
relative proportions in spring and autumn. 

WILBONITE. A silicate from Bathurst in Canada, occurring in monoclinie 
forms, with rose-rod colour; specific gravity — 2*76 — 2*77 ; hardness very unequal in 
different parts. Becomes colourless and gives off water when heated, and melts with 
intumescence, before the blowpipe, to a white enamel. Contains, according to T. R 
Hunt (Gevl. Survey of Canada , 1853), 43*55 per cent, silica, 27*94 alumina, 0*20 ferric 
and manganic oxides, 6*50 lime, 3*81 magnesia, 1*45 soda, 8*37 potash, and 8*61 water 
(- 100*43). 

WILUITE. A variety of lime-garnet, also called grosstdaria (see Garnet, ii. 772). 
The same name is sometimes appliod to vesuvian (p. 998). 

WnTD-rURVACE. or AIR-FITRIBrACB. Tho ordinary furnace used for 
crucible operations, in which the draught is produced, without the aid of a blast, by the 
difference) of specific gravity of tho heated air in tho chimney and the external air. 

WIWB. Synonyms : Wein. Vin. Vinunu O Ivos . — This name is applied, in a 
general sense, to all alcoholic liquors produced by fermentation of saccharine juices of 
plants (Fermentation, Alcoholic, ii. 628 ), but it is more usually restricted to the fer- 
mented juice of tho grapes of Vitis vinifera. 

The chief constituent of wine, besides water, is alcohol, the amount varying from 
6 to 17 percent, in different kinds of wino, as shown in the following table. The 
quality and value of wine is, however, determined much less by the amount of 
alcohol it contains, than by the flavour and bouquet which it possesses. These cha- 
racters, which aro due to the presence, in very minute proportions, of ethereal and aro- 
matic substances, differ in kind in different sorts of wine, and in degree in the same 
kind of wine. The chemical nature of tho substances which constitute the bouquet of 
different wines is as yet but little known. They are produced* partly during the fer- 
mentation of the grape-juice, and chiefly by the mutual reaction of various constituents, 
when new wine is kept (Bcrthel,ot, Compt. rend. lvii. 287, 328, and 795. — Pas- 
teur, 1 bid. p. 936) : — 



WINE, 
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Alcohol. 
Percentage 
by weight . 

Extract. 

Add. 

Sugar. 

Authority. 

Port, old .... 

20*29 

5*80 

•36 

3*31 

Griffin 

( Maximum 

1710 

, , 

. . 

, , 

Christison 

Port -I Mean of 7 samples . 

16*20 





( Minimum 

14*97 





v Maximum 

16*17 





1 Mean of 13 samples 

1537 





Sherry ■] „ „ 9oldsam- 

! 14*72 





1 pies . 

) 





v Minimum 

13*98 





Montilla, 1854 . . 

16*62 

2*49 

•43 

•60 

Griffin 

Madeira .... 

16*90 

# t 

, , 

, , 

Christison 

Amontillado 

12*63 





Chateau Latour, 1825 . 

7*78 





Claret. . . . 

899 





St. Julien, 1858 . 

9 84 

2-67 

*05 

*25 

Griffin 

Rudesheiiner f 

840 


m m 

■ • 

Christison 

i* ... 

13-32 

2-84 

*63 

•17 

Griffin 

Stemberger, 1846 

10 17 

10*5 

■424 

, 

Fresenius 

Miirkobrunnor, 1846 . 

1114 

55 

*533 




It is stated that in wines imported into England, especially port and sherry, the 
amount of alcohol is habitually augmented by mixing them with brandy. Natural 
wine made from grape-juice containing 20 per cent, of glucose should not contain much 
more than 10 per coni, by weight of alcohol, unless it has been long kept in casks, and 
I here has been a considerable separation of water by evaporation through the wood, 
and a consequent increase in the amount of alcohol, hut if the wine of hot countries 
is produced from grape-juico containing 30 per cent, of sugar, it might well contain 16 
or 17 per cent., of alcohol after being kept in casks. 

The peculiar smell which is common to all wine is probably duo to the presenco of 
an ether, which Liebig and Pclouzo have termed <n nautili c other (iv. 171). 

Some kinds of wine, such as Malaga. Tokay, Tent, and Frontigime, contain a 
considerable amount of sugar; others, like lthin<* wine, .Bordeaux, and Burgundy, are 
almost destitute of sugar. The sweetness of wine may, in some cases, bo duo to the 
presence of glycerin, which appears to be a product of fermentation (ii. 628). 

All kinds of wine contain free acid, which is partly tartaric acid, perhaps also 
succinic, malic, aud citric acids, together with tannic and gallic acids, and acid 
potassic tartrate. 

The colour of wine is chiefly derived from the husks of the grapes, especially in 
the case of red wine. Whit© wine frequently derives » portion of its colour from the 
oak-casks in which it is kept. Tho chemical nature of the substances to which the 
colour of wine is due is but little known (F«ur 6, Anodyne chim.it oomparee den Vint*, 
d<\ — Lati lli at, Traite sur ten Vina dc la Frame.) 

Oil evapi rating wine to dryness at 100° C., it leaves an extract, which varies from 2 
to 6 per cent., and sometimes amounts to 10 per cent, and upwards. The amount is 
less in dry wines than in sweet wine, and it decreases as the \yine is kept. 

Wine is often liable to undergo certain changes, which render it unfit for uso, some- 
times becoming turbid or ropy. These effects are chiefly referable to the presence of 
ferment, or of nitrogenous substance capable of conversion into ferment, and they 
result from imperfections in the manufacture. Pas tour (Compt, rend. lx. 899, 
1109 ; lxi. 274) recommends heating the wine in closed bot tles to about 60° C., for 
an hour or two, in order to prevent these changes. 

EfFerveeeent wines contain carbonic anhydride dissolved under pressure, and result- 
ing from fermentation, produced after bottling the wine by adding to it a solution of 
sugar. 

For analyses of wine see Fontenelie, J. Chim. Mod. iii. 332. — Payon. Chim. 
indust. — Pclouze and Fr^my, TraiU, iii. 436. — Malland, J. Chim. M&l. ii). 326. 
— Fauri, J. Pharm. vii. 200. — Brand©, Phil. Trans, 181L— Bouis, Brandes 
Archiv. xxv. 222. — Christison, Edinb. Phil. Joura. 1838. — Khol, J. Chim. MM. 
[4], ii. 251. — Ludersdorf, J. pr. Chem. xxiv. 102, — Geiger, Mag. f. Pharm. xbf. 
266. — Fischer n, Ann. Ch. Pharm. lriii. 705. — Fresenius, Ann. Ch. Pharm. lxiii. 
384. — Beck, Edinb. Phil. Journ. 1835. — Dies, Ann. Ch. Pharm. xevi. 304. — Zierl, 
Baierisch. Kunst. Gewerbeblatt, 1838. — Soubei ran, Traitb de Pkarmacie, u 129.-— 
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Sc.bnbnvt, Pogg. Ann. lxx.297. — Kers ting, Ann. CL Pharm. Ixx. 250. — Gero- 
mon t, Ann. Oh. Pharm. ami. 158. — Mi tie, Baierisch. K. Gewerbeblatt, 183$.^. 
Hitchcock, fldinb. Phil. Journ. xxxvii. 176 . — Griffin, Chemical Testing of Wine* 
and Spirits, p. 10. — Mulder, Chemistry of Wine. 

Manufacture of Wine . — The grapes grown in wine-producing countries generally 
consist, when ripe, of from 70 to 75 per cent, juice, 20 to 26 per cent, moist skins and 
stones, and from 3 to 5 per cent, oi stalks. The skins are covered with a whitish 
pulverulent bloom, consisting of a waxy substance. They consist chiefly of compact 
cellular tissue containing nitrogenous substances, flit, &c., with an internal layer of 
vegetable tissue containing nitrogenous and colouring-matters, essential oil, tannin, 
and salts. The fleshy part of the grape consists of cells and vessels, which contain the 
chief part of the juice. The stones consist chiefly of cellulose, and contain also fatty 
and ethereal oils, nitrogenous substance, and tannin. The stalks contain acids, tannin, 
chlorophyll, and similar substances, but scarcely a trace of glucose. The constituents 
of the juice are chiefly water and glucose, together with gum, pectin, dissolved and 
suspended nitrogenous substances, tartaric add— perhaps also racemic acid, malic acid,* 
citric acid.f paracitric acid, succinic acid, and acetic acid,| partly free and partly as 
salts. It also contains fatty and ethereal oils, wax and resin, colour-substance, tannin, 
phosphates, sulphates, and other mineral (substances in small amounts. 


Composition of Gropes. 



Ripe white 
Austrian 
grape*. 

Kleinberger grapes, 

ripe. very ripe. 

Riesling 
grapes, 
very ripe. 

Johan- 

nlsberg 

grapes. 

Assmans-j 

hauser 

grapes. 


Fretcniut. 

ScMieper . 

Fresenius. 

Frcsenius. 

Glucose . 

Tartaric acid . . 

Albuminoid Sub- 

stance . 

Pectin, Gum, Fat, &c. 
Asli .... 

13*8 

I'll 

\ 8 
•5 
*36 

10 6 
■92 

13 5 
*78 

4*1 

15*1 

*56 

3*4 

19*2 

*74 

3*0 

17*3 

*84 

Soluble portion . 

Water . , 

Skin 8 , Stones, and 
Cellulose . 

Pectose . • 

Ash 

16*5 

79*8 

| 26 
•9 

1 11 

12*6 

84*9 

1*8 

*7 

*08 

18 

76*3 

*0 

191 

74*4 

22*9 

* 

Insoluble portion . 

3-53 

2*52 

5*66 

6 62 




The amount of glucose in grape-juice varies from 10 to 30 por cent., according to the 
climate and season in which the grapes grow ; and the amount of free acid, considered 
as tartaric acid, varies, under the same conditions, from -3 to 1*5 per cent. The juice 
of grapes used for making wine is generally colourless, or very slightly yellowish, and 
it is almost without odour, except that of the Muscat grape. With the exception also 
of the teinturier grape, which has coloured pulp, the yellow and blue colouring sub- 
stances of grapes are contained in their skins. They are closely analogous to tannin, 
and are more soluble in alcohol containing acid than in water. 

In regard to the production of wine, the principal constituents of grape-juice are 
glucose, the acids, and the nitrogenous . substances which furnish the ferment, so that 
i lie raw material for the production of wine may be regarded as a solution of glucose 
in water, containing also those substances. 

It is especially important that the grapes used for making wine should be allowed, 
as far as possible, to attain full maturity, and become perfectly ripe, in order that there 
may be a maximum amouut of glucose, and a minimum amount of free acid, in the 
juice (Fruit, ii. 710, 711). Immediately after the grapes have been gathered, they are 
crushed, either in vats or between wooden rollers. In some places they are first picked 
from the stalks* in other places they are pressed together with the stalks. The juice is 
then either separated at once from the husks and stones, &c., by pressing the crushed 
grapes, and the expressed juice, or“ must,” is left in vats to ferment without the "mare'*; 
or the crushed grapes are fizpt allowed to ferment for some time with the husks, as in 


* Pasteur, J. Phartn. (31, xxtv. 75. — Schwartz, Aon. Ch. Pharm. fxxxiv. 83. 
t W i n c k I e r, Jahrb. Ptiarm. 1. 57. 
t Berth slot and Fleuritu, Compt. rend. Irii. 397. 
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the manufac ture of red wine, and the marc is separated after the fermentation, when 
sufficient colour has been extracted. During the first stage of the fermentation, the 
temperature of the liquid rises, and as the conversion of glucose into alcohol progresses, 
some acid potassic tartrate is deposited (p. 678), together with portions of the foment 
and other organic substances, forming what is termed “lees.’' As the evolution of 
carbonic anhydride subsides, the liquid gradually becomes clearer. This stage of the 
fermentation is sometimes at an end within two or three days, but it sometimes lasts 
much longer. In order to prevent the production of acetic acid by oxidation of 
alcohol, it is generally customary to draw off the fermented liquor from the lees, as 
soon as the evolution of gas has become comparatively scanty, and to transfer it to 
casks in which the fermentation continues slowly, for a considerable time longer, acid 
potassic tartrate being deposited meanwhile as a crystalline crust on the sides of the 
casks (Tabtah, p. 671). After a time, when the production of alcohol is at an end, 
the wine is again transferred to other casks, and is kept for a long time, during which 
its constituents undergo those changes by which it chiefly acquires flavour, bouquet, 
and ripeness. In this way what is torraed “natural wine” is produced. 

During the first stage of the fermentation, which is essentially analogous to that of 
beer-wort (i. 629), the greater part of the glucose is converted into alcohol, and much 
of the nitrogenous substance which yields the fermont is separated. The amount of 
glucose remaining unaltered, depends partly on the amount originally contained in the 
“must,” and partly on the temperature at which the fermentation takes place. At a 
temperature of 10° C. f fermentation ceases when the alcohol produced amounts to 10*6 
or 11 per cent, by weight, but at a higher temperature, it may continue until the alcohol 
amounts to 13 per cent, or more. During the second stage of the fermentation, when 
the weather has become cooler, there is less fear of alcohol boing oxidised, and the 
moderate access of air to the wine has chiefly the effect of causing the ferment to 
separate from it. 

Hitherto little attention has been paid to the regulation of the temperature at which 
the fermentation takes place, and although it is highly probable that the quality of 
wine depends very much upon this circumstance, it is almost entirely a matter of local 
accident, whether the fermentation takes place at a high or low temperature. Active 
fermentation at a high temperature, is calculated to furnish wino which is free from 
sugar, and soon bocomes ready for uso ; but the wine thus produced, like much of tho 
Italian and Hungarian wine, has generally little or no bouquet or flavour, and is not 
capable of boing kept long. On tho contrary, slow fermentation at a low temperature, 
furnishes wine which not only keeps better, but acquires eventually a finer bouquet, 
and becomes generally of better quality than that produced by more rapid fermenta- 
tion at a higher temperature. In the Moselle and Rhine districts, the fermentation is 
conducted at a time of year when the weather is much colder than it is in Italy, and 
even there, the wine produced in seasons which, from their warmth, are especially 
favourable to the growth and maturation of the grapos, and continue warm until late 
in the year, is not always so good as that of years when the autumn is colder. 

The character of wine also depends very largely on tho composition of tho “ must ” 
from which it has been produced, especially on tho amounts of glucose and of acid 
which the must contained, and on the relative proportions of these substances. . Gene- 
rally speaking, in southern countries, where the amount of sugar in the grape-juice is 
largest, as in Greece, Portugal and Spain, the wino produced contains a luge amount of 
alcohol, some unfermented sugar, and but little bouquet as compared with the wine of 
northern countries, such as that of tho Moselle ana Rhine districts, which contains 
less alcohol, no sugar, and a larger amount of acid, but is chiefly characterised by its 
fine aroma. The grape-juice of these countries generally contains a smaller amount of 
sugar, and a much larger proportion of acid, than that of southern countries. But 
besides the differences due to climate, variations of season also exercise a further 
influence of a similar nature, especially in the northern wine-producing districts, 
where in cold seasons the amount of sugar is small, while the proportion of acid to 
sugar in the grape-juice is frequently twice as great as it is in more favourable years, 
and consequently the wine produced there is only occas i onal ly good, and very often 
can scarcely be drunk. # 

To produce good wine, it is essential that the grape-juice should contain at least 
20 per cent of glucose, and that with this amount it flbouJ& not contain more than *6 
per cent, of aria. These conditions* do not always obtain. In the Moselle district, 
for instance, the proportion of acid to glucose is often as 1 to 12, while the amount of 
glucose is also very small. In such cases the wine made from natural grape-juice is 
necessarily inferior; but it is possible to remedy these natural defects of the grape, 
and by doing so, to render it capable of producing better wine, especially in unfavour- 
able years. With this object* several methods have been proposed, of which the 
following are among the principal : — 

Vol. V. 3 X 
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1. Concentrating tiie grape-juice by partially diving the grape* before t»,«* 

crushed, or by evaporating the “must.”— This method is practised in some ^ 

Hungary, Spain, Italy, and Prance, but it has only a limited applicability and 
adapted to the production of liqueur wines than for improving the quality of 
when the grape contains little sugar and much acid. y Wlne 

2. Adding glucose to the must when it amounts to less than 20 per cent.— Th,\, 
method only partially rectifies the natural defeats of the grape-juice, and altbouch 
it would furnish a wine containing more spirit than that produced frpm the ucinix*d 
must, the excessive amount of acid is not affected except *in so far as it maybe 
masked by an excess of sugar. J 

3. Diluting the must with water sufficient to reduce the amount of acid to *5 per 

cent., and then adding glucose until this amounts to 20 per cent, in the must. The 

adoption of this method was at first strongly opposed on the ground that wine thus 
prepared, might be expected to be deficient in flavour and bouquet ; but this has been 
found not to be the case, and the result is quite consistent with the fact that the 
flavour and bouquet of wine are produced during the fermentation. So far as the pro- 
duct of fermentation is concerned, it is therefore a matter of little consequence whether 
the glucose has been derived from the grape, or from some other source, provided the 
grape-juice contains a sufficient amount of ferment, acid, and other substances, 
requisite for the production of good wine, and these are generally present in excess. 
The principal condition to be ensured is the purity of tho glucose employed. 

4. Mixing the pressed grape marc with water containing 20 per cont. of glucose, 
and fermenting. — This method is based on the important observation, that the marc 
from which the grape-juice has been expressed, still contains a large amount of those 
substances, which by fermentation with a solution of glucose, communicate to it the 
characters of wine, and are capable, under the influence of this process, of yielding the 
products which constitute the bouquet, etc. (P4tiot, Bulletin soc. d’Encour., 1867, p.559). 
The wine prepared by this method, is stated to be even better than that obtained from 
the grape-juice itself. 

These last two methods bear the character of rational improvements in the manufacture 
of wine, and are in this respect to be regarded as totally different from that system of 
compounding, justly termed adulteration, which has been practised with tho object of 
giving inferior wine the semblance of character it can acquire only by the process of 
fermentation, and in the highest degree, only in, certain favourable years. Pasteurs 
method of maturing wine by the application of heat instead of keeping itfor a number 
of years, is likewise an improvement which is sound in principle, and likely to be of 
considerable advantage. The chemistry of wine is, however, still so imperfectly under- 
stood, both as regards it,B composition and its production, that the methods above 
referred to must be regarded merely as first steps towards real improvement in the 
practice of an art which has hitherto been conducted in a most crude and empirical 
manner, subject to the accidental influence of conditions whose operation and effects 
were wholly unknown, and regulated by the most fantastic notions. 

Analjvls of Wine. — The chief data, &c. determined for practical purposes, are : — 

1. The amount of alcohol ; 2. The amount of free acid ; and 3. The amount of non- 
volatile dissolved contents, or “ extract ” as it is termed. Neither tho flavour nor the 
bouquet of wine are susceptible of estimation by chemical means. The colouring 
substances of wine are also too little known to be distinguished with certainty from 
other colouring substances employed for its adulteration. (Blum e, Dinglor’s Journ. 
clxx. 240.) 

Estimation of Alcohol. — The most trustworlhy method consists in distilling out the 
alcohol as already described under tho head of Bkrr (i. 630), and weighing or observing 
the density of the distillate (Axcoholom'etbt, i. 81). The free acid in the wine should 
be first neutralised by sodic carbonate or baryta-water, and a very small quantity of 
tannic acid added to prevent the wine from frothing when distilled. Tho percentage 
of absolute alcohol should be expressed by weight, that of proof-spirit by volume. 

Estimation of Free Acid. — This may be effected with a standard solution of alkali, as 
described under Acidimbtrv (i. 262). 

The amount of acid potassic tartrate maybe estimated by mixing the wine with five 
times its volume of mixed alcohol and ether (equal parts) and leaving it for twenty* 
four hours, when the salt will have deposited almost entirely. (Berthelot and 
Fleurian, Compt. rend.lvii. 394.) 

If it be desirable to ascertain tho relatire proportions of fixed and volatile acids in 
wine, this may be done approximately by distilling the wine and estimating the quan- 
tity of acid in the distillate; but the result obtained will not represent the full amount 
of free volatile acid, and cannot be much relied upon. 

Estimation of “ Extract” — This is made in the same manner as with Bbkb (u 6S0)l 
If the amount is considerable, it may be desirable to ascertain wbat it consists of. 
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Estimation of Sugar , — This may be made by one of the methods described under 
Sacchxbimbtby (p. 371). It is necessary, in using the copper-method, first to separate 
the colouring substance of the wine. When the fermentation method is adopted, the 
alcohol in the wine should be first distilled off, and the result obtained by weighing the 
carbonic acid as barium-carbonate may be checked by estimating the alcohol produced. 

The inorganic constituents of wine may be estimated by igniting the residue left oil 
evaporation. The amount of potash thus found may be taken as representing the 
acid potassio tartrate in the wine. 

For more detailed descriptions of the methods and Apparatus to be used in the analy- 
sis of wine, see Boll ey ana Paul, Manual qf Technical Analysis, p. 831, and Griffin, 
Chemical Testing of Wines and Spirit; also a paper by Dr, A.Duprd, On the Estimation 
of Compound Ethers in Wine . (Chom. Soc. J. xx. 493.) B. H. P. 

WSlffBff on or. See Etjlebin (ii. 507). 

WZSIfilTS. A hydrated carbonate of manganese, from (loosen, near Sarganz, 
in the Grisons; regarded as a variety of diallogite. 

WIT H A M ITE A bright-red variety of epidote ; the crystals exhibit a straw- 
yellow in one direction across the prism. 

TITBIAXTfi. Native carbonate of barium (i. 780). 


WXTTZOHMTZTI or WXTTXCHXTH. Sulphide of copper and bismuth, 
Cu’Bi^S*, from Wittichen in Baden (ii. 76). 


WXTTXHOXTB. A ferrico-manganic silicate, from the Wittinge iron-mine at 
Storkyro in Finland, containing, according to a preliminary analysis by Igelstrom, 33*28 
per cent, silica, 6-93 ferric oxide, 61*79 manganic oxide, and 9*0 water. 


WOAJ>. Isatis tinctoria . (Guide. Pastel. Wan .) — This plant has been used 
from ancient times for dyeing blue, and before the introduction of indigo was of 
great importance for that purpose. Schunck (Phil. Mag. [4], x. 73) has shown 
that^ the leaves of woad do not contain either indigo-blue or indigo-white, but 
indican (iii. 246), a compound which may be extracted from them by alcohol, and is 
resolved, by heating with dilute acids, into indigo-blue and indiglucin: 


C^EP'NO” + 2H 2 0 - C B H*NO + SCH^O*. 

Indican. Indigo-blue. Indiglucin. 

Woad is cultivated in France, in several parts of Germany (Thuringia, Silesia, &e.), 
and other countries. It is sown in March, and the loaves are cut for the first time in 
Juno ; later in the season, the plants yield fresh crops of leaves, but these do not 
contain so much colouring-matter as the first. The leaves are sometimes merely 
dried, and sent to market in that state ; or they are ground to a paste in a mill, and the 
paste is made np into heaps, left for some time, and then formed into balls or loaves, 
which are dried and sent into commerce. 

At the present day, woad is but rarely employed in dyeing, as the use of indigo is 
found to be much more economical ; but as it easily ferments when moist, it is used 
for the reduction of indigo in the so-called wood-vats . (See Iwnroo, ii. 252.) 

WoBXSBlTa, A sihco-zirconio-niobate of calcium and sodium, occurring at 
the lAngesundfjord, near Brovig, in Norway, in tabular crystals and prisms belonging 
to the trimetric system. Axes a: b:c — 1 : 1*01683 : 0 * 7261 . Anglo ooP : ooP ~ 
90 ° 64'; oP : Poo *» 144° 1'. Cleavage distinct in one direction. The mineral also 
occurs granular. Hardness » 6*6. Specific gravity «« 3*41. Lustre vitreous, in- 
clining to resinous. Colour light-yellow, brownish, or greyish; streak yellowish- 
white. Transparent to subtranslncont Fracture more or less conchoidal to splintery. 
When strongly heated before the blowpipe, it molts quietly to a yellowish glass ; with 
fluxes, it gives the reactions of iron, manganese, and silica* Hydrochloric acid decom- 
poses it, with separation of silicic and niobic acids. Contains, according to Schaerer 
(Pom;. Ann. xcii. 242), 14*47 per cent. Nb*O s , 16*17 ZrO f , 30*62 8iO* p 191 FeO, 1*65 
MnO; 26*19 CaO, 0*40 MgO, 8*39 Na*0, and 0*2 water (- 98*94). 


An altered or hydrous kyanite (iii. 449), from near St. Peters- 
burg. Hardness ■■ 7*25, white and translucent. Contains, according to Hess, 
(Pogg. Ann. xxi. 73), 40*68 per cent, silica, 53*60 AFO*, 1*00 MgO, and 4*63 H*0 
99*71). 


Antimonial copper-glance (ii. 76). 

: —Min. A chromiferou clay from Ochansk in Siberia, contain- 

tng, according to Kersten (Pogg. Ann. xlvii. 486) : 

8IO*. 61*0*. Cr*0*. Fe*0». CnO. MgO. MnO. H*0. 

37*01 6*47 17*93 10*43 1*01 1*91 166 21*84 - 

3x2 


98 26 
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WOUTBAM. Native tungstate of manganese and iron *(p. 907). ^The same 
name is also applied to metallic tungsten. 

VOirBAMUrn, or VOITEAM-OOBM. Native tungstic oxide (p. 903). 

WO&FSBBBOrra. Native cuprous sulphantimonite, or antimonial copper. 
Cu,Sb w S* or Cu 2 S,8b*S* (ii. 76). 

VOUABTOIKTS. Native metasilicate of calcium, Ca"SiO* (p. 252). 

WOITOBBT, or UTOBOBXT. The Chinese name for the pods of Gardenia 
grandijlora, which yield a large quantity of a yellow colouring-matter, I pL of wongshy 
^oiug sufficient to impart a strong yellow colour to 60 pts. of water. The pods con- 
tain also pectin, mucus, tannic acia, and fat. The aqueous extract has a fiery-red 
colour when concentrated, yellow when dilute. The alcoholic extract is fiery-red. 

The colouring-matter of wongshy has been shown by Rochleder to be identical with 
crocin from saffron (ii. 108). — Respecting the products obtained from it by Orth, 
see J. pr. Chem. Ixv. 16. — Chinese yellow-pods contain 5 per cent, ash, consisting in 
100 pts. of 29*2 pts. K*0, 11*3 Na*0, 12*0 CaO, 3*5 MgO, 5*5 Fe*0», 0*9 SO*, 10*3 
P*0*, 4*0 SiO*, and 0*5 Cl. (Stein, J. pr. Chem. xlviii. 329.) 

The aqueous extract of wongshy colours wool and silk a fine yellow, without mor- 
dants ; cotton to be dyed with it must first be mordanted, best with tin-solution. The 
colour withstands the action of soap ; alkalis turn it more yellow, acids more reddish. 
The colour does not withstand the action of light, but is most permanent on Bilk. The 
colour of wongshy has a great resemblance to that of annotto. 

WOOD. Respecting the chemical composition of wood, two different views are 
entertained. According to Payen (Compt. rend. viii. 61), v. Baumhauer (J. pr. 
Chem. xxxii. 204), and F. Schulze (Chem. Centr. 1867, p. 321), it consists of 
cellulose or woody fibre (i. 81 8), which forms the cell-walls, and of incrusting sub- 
stances deposited thereon ( Sclerogen , Liqmn y formed of products of decomposition of 
the decaying cells [Schleiden, Grunkz. d. wiss. Botanik , Leipzig, 1849, i. 172]). 
Fr 6my, on the other hand (Compt. rend, xlviii. 862), denies the existence of incrusting 
substances, and supposes that the true woody tissue consists of vasctdoee, the consti- 
tuent of the vessels (p. 995), which is insoluble in oil of vitriol, soluble in boiling 
concentrated potash-ley ; paraccllulose , the substance of the medullary rays (iv. 31), 
soluble in oil of vitriol and in boiling potash-ley; and fibrose, the substance of the true 
woody fibres, soluble in oil of vitriol, but insoluble in boiling concentrated potash -ley. 
The former view is, however, generally regarded as the more exact. Wood likewise 
contains the following substances, in quantities varying with the season and locality, 
and with the species and ago of the plant : the constituents of the sap, such as albu- 
minoidal substances (0*81 — 0*12 per cent, nitrogen, according to Chevandier), 
sugar, gum, tannic acid, &c., colouring-matters, starch (only in autumn and winter), 
pectose, according to Fr6my (Payen found none), resins and volatile oils, and the 
ordinary mineral constituents of plants. 

The external properties of wood depend, partly on tho mode of union of the 
fibres, partly on the proportions between the essential or adventitious proximate con- 
stituents. Hence the several species of wood differ greatly in hardness, colour, and 
apparent specific gravity. The latter, that is to say, the specific gravity of the wood 
air-dried, but still containing air, varies, according to Karmarach ( Qrundz. d. mech. 
Technologic , p. 635), from 0*383 (poplar-wood) to 1*342 (logwood). The actual specific 
gravity of different kinds of wood is tolerably uniform : 15, according to Violette; 
from 1*46 (maple) to 1*53 (oak), according to Rumford. Wood always contains a 
larger quantity of carbon than cellulose ; its composition varies between very wide 
limits (according to the nature of the incrusting substances: Payen), as muen appa- 
rently in the same as in different woods. The lowest and highest amounts actually 
found are; 46*10 percent, carbon (beech- wood: Baer), and 54*44 percent, (oak-wood: 
Payen); (beech-wood — 54*35); — 5*55 per cent, hydrogen (box-wood: Prout), and 
6*40 per cent, hydrogen (aspen-wood: Payen); — 39*32 per cent, oxygen (oak-wood: 
Payen), and 46*87 per cent, (beech-wood: Baer). 

. Decay of Woody Fibre . — Moist wood exposed to the air, gradually undergoes decom- 
position, a sped os of fermentation being setup by the nitrogenous constituents, in 
consequence of which, oxygen is absorbed, carbonic acid and water are evolved, and 
the wood crumbles down into a blackish-brown vegetable mould, called humus, 
ulmin, or gein (p. 936). This decay occurs most rapidly in young spongy wood, 
which admirs the air more freely, and at the same time contains a larger proportion of 
the albuminous substance than harder and older wood. ^ 

The process of decay in ligneous tissue varies considerably, according as it takes 
place with free access of air. or under water with but a scanty supply of oxygen from 
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without. When the air has free access, its oxygen is converted into an eqaal balk of 
carbonic anhydride, and at the same time a large quantity of water is evolved 
(Sausaure). According to Hermann, a small portion of nitrogen is absorbed' during 
the process, and ammonia is produced. The water is formed at the expense of the 
oxygen and hydrogen of the woody tissue, so that the mouldered products contain a 
larger proportion of carbon than the wood in its original state. If the moist wood is 
excluded from the air, a small quantity of carbonic anhydride is evolved during its 
decay, accompanied, Us in the former case, by separation of water ; and under certain 
circumstances, marsh-gas is liberated in considerable quantity. 

Such is a general view of the changes which take place in the conversion of woody 
tissue into humus, peat, lignite, bituminous coal, and anthracite, the proportion of 
carbon in these successive products of transformation continually increasing, until in 
the last the carbon is found associated with only small quantities of hydrogen and 
oxygen. (See Table of the Composition of Wood and Coal, given undor Coal, i. 1030 , 
1031.) 

The composition of wood (oak) given in the table may be approximately represented 
by the empirical formula C S4 H* B 0' 2 ; that of certain kinds of peat by 0^**0* ; that 
of Bovey lignite by C^II^O 7 ; that of Wigan cannol-coal by and that of 

Welsh anthracite by C 4# H l- 0. If now the woody tissue t>e acted upon by a small 
quantity of oxygen, such as might be suppliod by solution in water, each of these pro- 
ducts of transformation may be supposed to be formed by the separation of marsh-gas, 
carbonic anhydride, and water, in the proportions represented by tho following 
equations :* 

C i« h « 0 m + Q* - C^H^O" + 6CH B + 8C0 3 + H*0 

Wood. Peat. 

C « H «. 0 » + o - + 2CH 4 + 5CO* + 6H*0 

* Wood. Lignite. 

C i« H 4. 0 « + o* - C“H»0* + 2CH 4 + 0CO* + 10H a O 

Wood. . Camiel. 

2C«H«0® + 0* - C 40 II ,8 O 4- 12CH 4 + 16C0* + 16H*0. 

Wood. Anthracite. 

Destructive Distillation of Wood. —The products formed by the distillation of wood 
in close vessels, vary with the nature of the wood operated on, and the temperature ut 
which the distillation is effected. Tho decomposition begins at about 140°. Tho 
volatile portion of the products includes permanent gases — chiefly carbonic oxide, car- 
bonic anhydride, and hydrogen — together with other bodies, which are liquid or solid at 
common temperatures, whilst a considerable portion of charcoal remains in the retort. 
Of the liquid products, one portion is soluble in water, and consists of acetic acid, 
methylic alcohol, methylic acetate, and acetone, accompanied by water and other 
bodies but imperfectly known ; while the remaining portion is insoluble in water, and 
constitutes wood- tar, which is a mixture of various liquids holding solid matters in 
solution or suspension. {.See Tar, p. 670.) 

The products of the distillation of wood, obtained at the lowest temperature, are 
those into the composition of which oxygen enters most abundantly — such as water, acetio 
acid, and carbonic acid. As the temperature rises, compounds containing less oxygen 
are gradually formed — such as wood-spirit, acetone, and creosote ; at a still higher 
temperature, various hydrocarbons, such as toluene, xylene, eupione, and the different 
forms of paraffin, are produced ; and as tho temperature approaches redness, pure 
hydrogen predominates. 

When air-dried hard woods, such as oak and beech, are distilled in iron cylinders, 
the charcoal amounts to about 26 per cent of the weight of the wood, or about three- 
fifths of the quantity of carbon actually contained in it The liquid portion, amounting 
to about 63 per cent., contains about one-fifth of the entire carbon in the wood ; ana 
the remaining portion of the distillate, consisting of uncondensed gas, carries off the 
remainder of the carbon. Among the liquid products, acetic acid amounts to between 
3 and 4 per cent of the harder woods, naphtha to about 1 per cent., and the tar to 
7*5 per cent (Miller's Elements of Chemistry, 3rd ed., iii. 702; for further details 
see Gmelin’s Handbook , xv.‘ 148-160.) 

WOO B-OXL Capivi balsam, Guijvn-balsam, Gtoegun-bdlsam. (Han bury, 
Pharm. J. Trans. January, 1866, p. 821.— Martins, Buchn. N. Report, v. 100.— 
Guibourt, ibid, vi 07. — Werner, Zeitschr. f. Ghent 1802, p. 688 , — A balsamic 
substance, much resembling balsam of copaiba (L 402), imported of late years from i 
Calcutta into this country for medicinal uses* It is obtained from several species of 

• • Millet's KUmenli of Chsmittey, 3rd ed. ill. 14 9, 
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JXpterocarpice , growing in Pegu, Assam, and some of the islands of the Indian Archi- 
pelago. It smells and tastes like copaiba-balsam, is somewhat more viscid than olive- 
oil, and has a specific gravity of 0*964. In its original state it is turbid, owing to the 
presence of a greenish resin ; when filtered from this, it is brown and transparent by 
transmitted light, but opaque, with greenish fluorescence, by reflected light. This 
colour and fluorescence distinguish it from copaiba-balsam, and further differences are 
observed in its behaviour when heated, and with reagents. When heated to 130°, it 
becomes turbid and gelatinous ; whereas copaiba-balsam becomef more fluid when its 
temperature is raised. Wood-oil is less soluble in alcohol than copaiba ; it forms a 
viscid liquid with ammonia, whereas copaiba-balsam forms a clear liquid ; and, more- 
over, wood-oil does not solidify when mixed with ^ of its weight of calcined magnesia. 

Wood-oil is not a definite compound, but a mixture of resin and volatile oil ; ac- 
cording to Lowe, it contains 84 per cent, resin, 65 volatile oil, and 1 pt. water and 
acetic add. The resin is hard, whereas that of copaiba-balsam is soft. 

Werner, bv distilling the balsam with water, obtained about 20 per cent, of a 
volatile oil, C 20 !!* 2 , polymeric with oil of turpentine. This oil has a specific gravity 
of 9*014 at 16°, a lsevorotatory power of 10°, boils at* 255°; its vapour-density is 
9*40 (2 vols.). 

Tho resin left after distilling off the oil, contains a resinous acid, gnrjunic acid, 
C w H"0 4 , soluble in aqueous ammonia. To separate this acid, the crude resin is 
boiled with potash-ley, which dissolves it ; the solution is mixed with excess of sal- 
ammoniac, and filtered; and the ammoniacal filtrate is mixed with hydrochloric acid, 
which throws down tho gurjunic acid in thick yellowish flocks. This acid dissolves 
in alcohol and ether, melts at 220°, solidifies at 180°, boils at 260°, and distils ap- 
parently without decomposition. It is dibasic, and forms soluble salts with the alkalis 
and alkaline earths. — The potassium-salt, C^H^K'^O*, crystallises from alcohol in 
microscopic laminae. — The calcium-salt , C* J H* 2 Ca"0\ and tho barium-salt , 
are white and amorphous. — Tho silver-salt , C w H ri Ag z 0 2 , is obtained by precipitation, 
in white flocks, which blacken on exposure to light. (Wernor.) 

Wood-oil is used by the Malays as a varnish for household utensils, boats, &c. ; it 
has been rocomraended as a substitute for copaiba-balsam in medicine. 

WOOD-SPIRIT. See Mkthyl, Hydjiate op (iii. 088). 

WOOD-TAR. See Tab (p. 670). 

WOOD. (Schlossberger, Allgem. u. vergl. Thierchemie, p. 265. — Gorup- 
Bos attest, Physiol. Chemie, p. 692. — Bolley, Handb. d. chem.-techn. Untersuch., 
4te Aufl., p. 428. — Chevroul, J. pr. Chcm.xxvii. 57: xxxii. 227. — Mulder, Physiol. 
Chemie, ii. 570. — Scherer, Ann. Ch. Phann. xL 54. — v. Bibra, ibid. xevi. 295. — 
Gorup-Bosanez, ibid. lxvi. 321 ; cxviii. 230. — Grothe, J. pr. Chem. lxxxix. 420. — 
Lassaigne, J. Chim. M6d. xix. 562.) — Wool belongs to the homy tissues (iii. 170). 
After exhaustion with water, alcohol, and ether, to remove fatty matter, salts, &c., it 
contains, according to Scherer, 50*66 percent, carbon, 7*03 hydrogen. 17*71 nitrogen, 
and 24*61 oxygen and sulphur. Chevreul found in wool thus purified, 1*78 per cent, 
sulphur; Mulder rather more; v. Bibra 0*8-0 *9 per cent.; and Grothe found, as a 
mean of numerous determinations with different kinds of wool, 2*31 per cent., the 
minimum being 1*3, and the maximum 3*4 per cent. 

The amount of water in wool, is, according to Maumend and Grothe, IS to 16 
per cent., of which 6 or 7 per cent, go off when the wool is dried in the air ; in damp 
air dry wool quickly takes up a considerable quantity of water, about 0*02 per cent, 
per hour according to Grothe’s experiments. 

In 100 pts. wool dried at 110°, Gorup-Besane* found S*2S per cent, ash, containing 
0*29 pt. silica, or 8*3 pts. silica in 100 pts. of ash. Respecting the extraction of potas- 
sium-salts from the sweat of sheep's -wool, see Potassium-salts (iv. 720). 

The reactions of wool with acids, alkalis, &c., are the same as those of horny tissues 
jn general. Dilute alkaline solutions, especially soda-ley, remove part of the sulphur, 
but the remainder appears to be more intimately combined, and can only be removed 
by boiling with strong alkalis, which destroy the texture of the wool. C. Gr. 
Williams (Ann. Ch. Phann. eix. 127), by distilling flannel with strong boiling 
potash-ley, obtained a distillate containing a large quantity of ammonia, together with 
butylamine and amylamine. Flannel distilled by itself yielded an insufferably stinking 
oil, accompanied by large quantities of pyrrol, streams of sulphydic acid gas, and a 
small quantity of carbonic disulphide, with mere traces of oily bases. 

Wool and silk may be distinguished from vegetable tissues, such as cotton and 
linen, by drawing out a thread and setting it on fire. The animal fibres then leave 
a shining, tumefied, difficultly combustible cinder, which leaves a largo quantity of ash 
when completely burnt; the smoke smells like burnt horn, and turns turmeric brown- 
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Vegetable fibres, on the other hand, leave a cinder having the form of the thready and 
only a small quantity of ash ; they burn with a smoke which has an empyreumatic 
odour, and reddens litmus. Wool and silk are also distinguished from cotton and 
linen by the yellow colour which they assume when steeped in nitric or in picric acid , 
the vegetable fibres not being coloured by this treatment. Wool, or silk is dissolved 
by boiling with potash- or soda-ley, of specific gravity 1*04 to 1*05, whereas vegetable 
fibres remain uu attacked. Cotton and linen dissolve in a solution of cuprate of 
ammonium, whereas wool is insoluble therein. 

Wool and silk maybe distinguished from one another by a solution of sodic plumbate 
(prepared by adding caustic soda to acetate of lead till the resulting precipitate re- 
dissolves), wool and hair being turned brown by this liquid, in consequence of the 
sulphur which they contain, whereas silk, which is free from sulphur, remains unaltered. 
The three following distinctions are given by G rot ho (Zeitschr. anal. Cliem. iii. 153): 
— 1. Wool, cautiously heated to 130®, gives off* the odour of carbonic disulphide and 
ammonia, assumes a golden-yellow colour, and curls up ; silk becomes coloured only 
at 140°— 146°, and does not curl up. — 2. When the fibres, moistened with potash-ley, 
are dipped in a solution of cupric sulphate, ami then exposed to the air, the wool 
quickly turns brown, in consequence of tho formation of cupric sulphide, whereas the 
silk remains unchanged. — 3. On mixing the solution of wool in caustic potash with 
tartaric add , and then with cupric sulphate , a largo quantity of cupric sulphide is 
formed, and the filtered liquid exhibits a dark brown-red colour. Silk treatea in the 
same manner, yields a somewhat viscid solution having a fine violet colour. 

WOOBASA. Syn. with Cuhara (ii. 185). 

WOOTZ. East Indian , or Persian Damask Steel . — A very hard steel, made in 
India, and containing small quantities of silicon, manganese, nickel, and tungsten. It 
has a specific gravity of 7*727 at 17°, and exhibits very beautiful 'patterns when etched 
with acids. 


WOftMSBXD. Semen Cinee. Semen Contra. Semen Santonici . — The flower-bud a 
of Artemisia Vahliana , A. Sieberi, and A. inculta, plants belonging to the composite 
order. The first is indigenous in Persia and Asia Minor, and yields Levant wormseed ; 
the second grows in Barbary, Persia, and Arabia, and yields the Barbery or African 
wormseed ; the third is said to yield tho East Indian wormseed, which however, 
according to some authorities, is merely the African variety mixed with turmeric or 
fustic. 

Wormseed contains santonin (p. 189), a volatile oil, a brown bitter resin/ a green 
soft resin, and a waxy substance, together with the ordinary plant-constituents. It is 
used, especially the Levant variety, as a remedy for ascandes, being given either as 
an electuary or an infusion. It is not known which of the constituents of wormseed 
is the active principle. 

WO»mil»"Oaih Oleum cina. Essence de Semen-contra . (Tromms- 
dorff, Tr. N. JT. iii. 812. — Volckel, Ann. Ch. Pharm. xxxviii. 110; Ixxxvii. 312; 
Jahresb. 1853, p. 512; 1864, p. 690— Hired, Jahresb. 1864, p. 591 ; 1855, p. 666.— 
Kraut and Wablforss (Ann. Ch. Pharm. cxxviii. 293 ; Juhrcsb. 1863, p. 561.-*-Gm., 
xiv. 316.) — This oil is obtained by distilling wormseed with water. It has a pale- 
yellow to brownish-yellow colour, a pungent disagreeable odour, and camphonous, 
aromatic, burning taste; specific gravity** 0 925 to 0 935 (Wacken rod er; Zeller; 
Volckel); 0*94 (Hi reel). It boils at 170° — 180° (Hirzel). When distilled with 
milk of lime, it yields a lighter oil, of specific gravity 0*946° at 8°, and boiling be- 
tween 174° and at 177°. 

Worm seed-oil is a mixture of several oils, the proportions of which seem to vary Con- 
siderably in different samples : hence the investigations of different chemists Respecting 
it have yielded very discordant results. According to Kraut and Wablforss, the oil, 
when purified by rectification with alcoholic potash, consists mainly of an oxygenated 
oil, C , *H ,, 0, having a Imrorotatory power of 2*1°, mixed with a c&mphene, C ,0 H‘* 
(Volckel's cynone). 

Wormseed-oil dissolves in about 1000 pis. of water, easily in ether, in all proportions 
of absolute alcohol, and in an equal quantity of alcohol of specific gravity 1*86 
(Zeller). In contact with the air, it thickens and becomes coloured; it is easily in- 
flammable. — With dilute nitric acid , it yields oxalic acid (Volckel), or toluic add 
(Hired); when heated with strong nitric acid, it is converted into a yellow resin. 

Iodine dissolves in wormseed-oil without evolution of heat. By dissolving 1 pt. of 
iodine in 4 to 6 pts. of the oil, with aid of heat, a dark brown -red, opaque, viscid maws 
is obtained, from which, on cooling, black crystalline laminae separate (consisting of 
iodine and dnsebene ?). From the solution of iodine in wormseed-oil, water extract* 
acetic, propionic, and hydriodic acids, and perhaps also iodide of propyl. On d i sti lling 
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the solution of iodine in wormseed-oil, propionic acid and iodoform pass over, together 
with a dark-brown mobile oil, containing cinsebene, hydriodate of cinaebene, cinaebene*. 
camphor, cymene, and small quantities of cinacrol, angelic acid, &c., while the solid 
blue-black residue consists chiefly of cinaephene, cinaephane, and cinaephene (Hirzel). 
Wormseed-oil, mixed with a saturated solution of iodine in potassium-iodide, yields 
greenish metallic-shining crystals of the compound 2(C ,0 H ,8 O.H 2 O).l* which, when 
treated with alcoholic potash, reproduces wormseed-oil. (Kraut and Wahlforss.) 

Sulphuric acid colours wormseed-oil red-brown, and on applying heat, sulphurous 
anhydride is evolved. — 'Phosphoric anhydride blackens it, ana, according to Volckel, 
forms cynene ; according to Hirzel, cinaebene, cinaephene, and cinacrol. — Hydrochloric 
acid gas is absorbed by wormseod-oil, forming a red-brown liquid, which on standing, 
deposits worms eed- camphor, in colourless slender needles having an aromatic 
camphor-like odour and mild warm taste; they deliquesce in the air, melt when 
heated, and yield, by distillation, an oil containing hydrochloric acid. (Hirzel and 
Volckel.) 

Wormseed-oil distilled with po tassiu m -k ydra te yields a colourless, transparent, 
mobile oilj having a peppery odour and warm taste, a specific gravity of 0*932, and 
boiling at about 175°. f With hydrochloric acid gas, this oil forms shining deliques- 
cent needles ; with nitric acid, liquid and resinous products ; sulphuric acid colours it 
dark-brown/ and renders it viscid. This oil has a composition represented by the em- 
pirical formula C IA H M 0^ and consists, according to Hirzel, of cinaebene, cinaebene- 
camphor, propione, and a body containing C ]0 H ,fi O. 

Derivatives of Wormseed-oil . 

Cinaebene, C 10 H 18 (with which Volckel’s cynene is probably identical), exists 
ready-formed in wormseed-oil, and is separated by distilling the oil with phosphoric 
anhydride (Hirzel). It is a colourless, mobile, pungent, strongly-refracting oil, 
having a density of 0*878 at 16°, and boiling at 172°. When distilled with an equal 
volume of nitric acid of specific gravity 1*16, it yields acetic acid, propionic acid, and 
volatile oil, and leaves a resin, which, by prolonged boiling with excess of nitric acid, 
is converted into toluic and nitrotoluic acids, together with an oil, probably anisylous 
acid ; no oxalic acid is formed in this reaction. — With hydriodic and, cinaebene forms 
«n oily hydriodate, 2C l0 H lfl .HI. 

Cinae ben e- camphor, C ,0 H ,8 O, is contained, according to Hirzel, in wormseed- 
oil, but cannot be separated from it in the pure state. With phosphoric anhydride 
it is resolved into water and cinaebene. According to Kraut and Wahl forss, worm-* 
seed-oil, purified by alcoholic potash, consists of an oil, C ,0 H ,8 O, mixed with the cam- 
phene, C ,0 H 18 , which cannot be separated by fractional distillation. 

Cinaephene, C^H”, is one of the compounds formed by the action of phosphoric 
anhydride or iodine on wormseed-oil. It is an oil, viscid at ordinary temperatures, 
mobile when warm, boiling at 315° — 326°, colourless by transmitted light, and exhi- 
biting a deep indigo-blue iridescence by reflected light. When heated with nitric acid, 
it is converted into a resin having a musk-like odour. (Hirzel.) 

Cinaephane, C ,0 H B , is a resinous hydrocarbon found in the residue left on distil- 
ling wormsoed-oil with iodino. To separate it, this residue is boiled with alcohol, 
which dissolves cinaephene; the remaining portion is dissolved in chloroform; the 
solution is mixed with 20 pts. of alcohol of specific gravity 0*84 ; and the resulting 
precipitate of cinaephane and cinsephono is treated with ether, which dissolves the 
latter, and leaves the cinaephane, to be further purified by solution in chloroform, pre- 
cipitation with alcohol, and washing with ether. Cinaephane is a nearly velvet-black, 
loose, resinous powder, tasteless and inodorous ; when heated it bums away without 
melting. 

Cinae phone, C^fi 1 *, separated from cinaephene by ether in the manner just 
describee! is a loosely coheront kermes-brown powder, destitute of taste and odour, 
insoluble in water and in alcohol, but soluble in ether, chloroform, and wormseed-oil; 
when heated, it burns and decomposes. (Hirzel.) 

Cinacrol, C lo H ,8 0*» is obtained by rectifying the oil produced by distilling 1 pt. of 
iodine with 4 to 6 pts. of wormseed-oil ; agitating the nearly black liquid which passes 
over with strong potash-ley ; heating the resulting dark-brown solution till it is nearly 
inodorous ; and then distilling it with dilute sulphuric acid. The oil thus obtained is, 
after drying and rectification, colourless and viscid, with a faint smoky odour, and 
sharp caustic taste ; a specific gravity of 1*05 to 1*15 ; boils at about 250 ° ; dissolves 
slightly in water, easily in alcohol, ether, And acetic acid ; still more easily in alkalis, 
forming a solution which gives a white precipitate with basic acetate of lead, a blue- 
green Bqmii with ferric chloride, and reduces nitrate of silver when heated with it. 
(Hirzel.) 
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WOUlfVS AVVAMTVB. An apparatus consisting of a aeries of thyee- 
necked bottles connected by suitable tabes, and used for washing gases or saturating 
liquids therewith. 

WftXftBTZSrit A basic substance obtained from the bark and seeds of 
Wrightia antidysenterica (Nrrium antidysentericum. L.), an apocynaceous plant indi- 
genous in India and Ceylon. To prepare it, the pulverised seeds are treated with car* 
lx>nic disulphide in a displacement-apparatus, to remove a fat-oil, then dried and 
exhausted with hot alcohol ; the extract, freed from alcohol by distillation, is digested 
with a small quantity of dilute hydrochloric acid ; and the evaporated filtrate is mixed 
with ammonia or sodic carbonate, which throws down a copious flocculent precipitate 
consisting of the impure base. 

Wrightine, after washing with cold water, forms an amorphous powder, insoluble 
in ether and in carbonic disulphide, soluble in water and alcohol, and especially; in 
dilute acids, with which it forms unerystallisable salts, haring, like the base itself, a 
persistent bitter taste. The acetic acid solution is precipitated by tannic acid ; the 
hydrochloric acid solution gives flocculent precipitates with platinic, auric, and mercuric 
chlorides. (Stenhouse, Pharm. J. Trans. [2], v. 493.) \ ^ 

R. Haines (ibid. vi. 432) states that ho obtained the same base from the bark of 
Wrigktia dysenterica (conessi-bark) in 1853, and gave a short description of it in the 
TVansaclions of the Medical and Physical Society of Bombay (new series. Hr. 88). He 
proposes to call it con ess in e, an«l calculates, from the analysis of the free base and 
of the platinum-salt, the formulas C- tt H ,a N*0 and C* 4 H 4< N , 0. 

WITLFlSSflTB. Native molybdate of lead. (See Molybdenum, Hi. 1039.) 

W UKTZJCTB. This name is given by Fri edel (Compt. rend. lii. 983) to a hexa- 
gonal zinc-sulphide from the silver-mine of Oruro in Bolivia, containing 66*6 per cent, 
zinc, 32*6 sulphur, 8*0 iron, and 2*7 lead, with a little antimony and a trace of copper; 
It is isomorphous with greenockite, has a brownish-black colour, vitreous lustre, brown 
streak; hardness ■■ 3*5, and specific gravity — 3*98. 


X 

XJUTTHAMini. Syn. with ethylic oxysulphocarbamate. (See Sulphocarbamio 
Ethers, p. 491.) 

8LAOTHAHTLAM1DB, A my lie oxysulphocarbamate (p. 493). 

xaxtbaiktlxc ncxn. Syn. with amyl-disulphocarbonic acid. (See Sul- 
phociebomc Ethers, p. 496.) 

XA1TTHAMTLXO BTBBB* Amylic disulphocarbonate (p. 496). 

XABTBAB • Berzelius's name for the group Cy 9 3\ regarded as the radicle of 
persulphocyanic or xanthydric acid. 

XJUnTBABXV, or BAVTBXL. An oily fetid compound, C 4 H ,b O , i supposed by 
Couerbe (Ann. Ch. Phys. [2], lxi. 226) to be produced by the dry distillation of xan- 
thic ether. 

XAHTBAIABIB. A yellow colouring-matter, produced, according to E. Kopp 
(Jahresb. 1864, p. 816), by the action of nitric acid on the black residue obtained in 
preparing pure alizarin from his green alizarin (see Madder, iii. 749). It is slightly 
soluble in water, easily in alcohol, ether, and caustic alkalis. By heating with reduc- 
ing agents, it is converted into a crimson substance. 

XABTBBIBT. The name applied by Fr£my and Cloez to that portion of the 
yellow colouring-matter of flowers which is soluble in water. (See Flo wans, Colours 
of, ii. 668.) 

BABTB1L1BB. Zeise gave this name to an oil (identical, according to Debus, 
with ethyl-disulphocarbonic sulphide, i. 499), produced, together with cuprous xan- 
thate, by precipitating potassic ethylsulphocarbonats with a cupric salt. (Handw. d. 
Cham. 2* Aufl. i. 260.) 

XAlIBBBVa. Volckel, by heating persulphocyanic acid to about 160°, obtained 
a peculiar body, CHDN'S 3 , which he resided as a sulphide of xsnthene, C*H 4 N‘ ; if 
was probably only a mixture. 

1AWTBN Aetna, Syn. with ethyl-disulphocarbonic add. (See Sulfhoclabbomo 
Ethers, p. 498.) 
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JLOMTMIC JBTHMMS* Ethylic xanth&te or disulphocarbomte (p. 500). 

ZAUrtHTG OXZD2. Syn. with XAtfimfE. 

XAnnSXBCfi. Syn. with Persvlpsoctanates (ir. 879)* 

XAJTT8ZK. Sjn. with Xajtthabin. 

XAVTBttf. This name has been applied to more than one substance : — l. By 
Fr4my and Cloez, to that portion of the yellow colouring-matter of flowers, which is 
insoluble in water (ii. 668); — 2. By Schunek and Higgin, to the yellow colouring- 
matter obtained by Kuhlmann from madder (iii. 743); — 3. By Couerbe, to a 
gaseous product of the decomposition of xanthates, to which he assigned the formula 
C»HW. 

XAinpCBB* CPHWO*. Xanthic Oxide. (Marcet, Essay on the Chemical 
History and Chemical Treatment of Calculous Disorders, London, 1819. — Lie big and 
^ Wohfe? Ann. Ch. Pharm.xxvi. 340. — Gobel, Jahresb. 1851, p. 604 ; 1852, p. 712. 

' r^fipher er, Ann. Ch. Pharm. evii. 314; cxii. 257, 275, 279; Jahresb. 1858, p. 546; 

1859, p. 605. — Strecker, Ann. Ch. Pharm. cviii. 141; cxviii. 151; Jahresb. 1858, 
*p. 646 f 1861, p. 526.— St ad el er, Ann. Ch. Pharm. cxi. 28 ; cxr. 102; Jahresb. 1859, 
p. 608; I860, p. 579. — Bence-Jones, Chem. Soc. Qu. J. xv. 78.— Alm5n, Jahresb. 
1862, p.' 534. — Strecker and Rheineck, Ann. Ch. Pharm. cxxxi. 121.) — This body 
was discovered by Marcet in a urinary calculus weighing only 8 grains. Liebig and 
Wohler afterwards found it in a larger calculus weighing between 18 and 20 grammes; 
these are the only known examples of xanthine calculi. Bence-Jones found in it a de- 
posit from the urine of a boy. According to Scherer, xanthine is a normal constituent 
of the human body ; he has found it in the urine of man, in the pancreas, spleen, and 
liver of oxen, in the thymous gland of the calf, the muscular flesh of the ox, horse, and 
of fishes ; also in the spleen, in a case of tumour of that organ ; and in the human liver, 
in acute yellow atrophy. In the muscular flesh of the hors© it exists to the amount of 
0*0026 per cent., together with hypoxanthine or sarcine ; in the pancreas to the amount 
of 0'0166 per cent., together with guanine ; in the spleen, liver, and brain, togethor 
with uric acid. Alm6n found 0'02 per cent, xanthine in ox-liver. According to 
E. Durr (Jahresb. 1865, p. 675), the presence of xanthine in human urine is pro- 
moted by the use of sulphur-baths. According to Unger and Phipson (Chem. 
News [1862], vi. 16), xanthine is found in certain kinds of guano from the island of 
Jarvis. t 

Artificial Formation. — Xanthine is produced : — 1. From uric acid, from which it 
differs by 1 at. O, by the action of sodium-amalgam (Rheineck). — 2. From guanine, 
from which it differs by NH, by the action of nitrous acid (Strecker) : 

2C a H 8 N*0 + O* - 2C 5 H 4 N 4 0* + H 8 0 + N*. 

Preparation . — 1. From Urinary Calculi , and from Jarvis Guano. — By dissolving the 
substance in aqueous potash or ammonia, and precipitating with carbonic or acetic 
acid. 

2. From Muscular Flesh and other Animal Substances. — The substance, comminuted 

by trituration with pounded glass, is digested with warm alcohol and pressed ; the re- 
sidue is digested for some hours with water at 60°; the expressed liquid is mixed with 
the alcoholic solution, evaporated* and filtered to separate albumin ; and the' filtrate is 
successively precipitated with neutral lead-acetate, basic lead-acetate, and mercuric 
acetate. The two latter precipitates are then suspended in water, and decomposed by 
sulphydric acid ; and the filtered liquid is evaporated, whereby a mixture of xanthine 
ana sarcine is obtained, which jnay be separated by solution in hydrochloric acid — hy- 
drochlorate of xanthine then separating out, while the greater part of the sarcine remains 
in solution. (Stadeler.) # # m . 

3. From Guanine. — The solution of guanine in strong nitric acid is mixed, at the 
boiling heat, with nitrite of potassium, till a copious evolutfon of red fumes takes place. 
A large quantity of water ia then added ; the yellow body thereby precipitated fa mix- 
ture of xanthine and nitroxanthine) is washed with water and dissolved in boiling 
carbonate of ammonia; and the solution is mixed with ferrous sulohate (to reduce the 
nitroxanthine to xanthine), till the red-brown precipitate of ferric hydrate at first pro- 
duced is replaced by black ferroso-ferric oxide. The solution, which should still contain 
& large quantity ©f fhee ammonia, is then filtered, and evaporated to dryness over the 
water-bath ; the residue is treated with cold water to extract sulphate of ammonium, then 
redissolved in boiling carbonate of ammonium ; and the filtrate is evaporated, where- 
upon xanthine remains. 

4. From Urine. — The urine is precipitated with baryta- water; the filtrate is 
evaporated; the highly concentrated mother-liquor boiled, after addition of water, 
with cupric acetate; the precipitate, after washing with hot water, is dissolved in warm 
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nitric acid, and precipitated with nitrate of silver ; the washed precipitate is erjutnl- 
liswi from hot dilute nitric add ; the resulting crystals are treated with ammoniacal 
silver-solution, to free them from nitric acid ; and the washed precipitate is suspended 
in water, and decomposed by sulphydric acid. The filtrate, when evaporated, yields 
xanthine. 

Properties. — Xanthine separates on cooling, from a hot saturated solution, in white 
flocks; by spontaneous evaporation in small scales. It is nearly insoluble in cold 
water (requiring 14,000 pts.), and but sparingly soluble in boiling water. It is 
insoluble in alcohol and in ether. The aqueous solution quickly putrefies. 

Xanthine does not lose weight at 150° ; at a stronger heat, a small portion of it 
sublimes undecomposed, while the greater part decomposes, yielding carbonate and 
cyanide of ammonium, and a yellow oil, but no urea. When heated in contact with 
the air, it burns with the smell of burnt hair. — By the action of sodimn-amal 
containing a very small proportion of sodium, xanthine is reduced ttL Sarcine, 
C 4 II 4 N 4 0, this base being in fact produced, together with xanthine, by th^&ction 
sodium-amalgam on uric acid (p. 1050). * 

Combinations. — Xanthine unites both with acids and with bases, forming for 
most part crystallisable compounds, which are more soluble than xanthine itself. — The 
hydrocMorate, C‘H 4 N 4 0 2 .HC1, forms nodular groups of small silky crystals. Its AtgUeous 
solution mixed with platinic chloride deposits yellow needles of a double salt. — The 
nitrate separates from a solution of xanthine in warm moderately strong nitrio acid, 
in yellow warty masses. The solution of xanthine in nitric acid forms, with ghoqpho- 
molybdic acid, a yellow precipitate, which dissolves iu hot moderately strong nitric 
acid, and separates, on cooling, in yellow microscopic cubes (Scherer). — The sulphate, 
C s H 4 N 4 0*.H it S0 4 + H*0, forms thin, transparent, crystalline scales, which are decom- 
posed by water. 

A solution of xanthine in ammonia, saturated at the boiling lieut, deposits, on cooling, 
crystals of xanthine-ammonia. On boiling xanthine with baryta-water, a sparingly 
soluble compound, C A H 4 N 4 0*.Ba w H*0 i , is produced. (Struck or.) 

A cold saturated aqueous solution of xanthine gives white precipitates with meiv 
curie chloride and silver nitrate, yellowish-green flocks with cupric acetato. The 
ammoniacal solution of xanthine gives white precipitates with the chlorides of 
mercury, sine, and cadmium ; with nitrate of silver, it formsyellowish-white flocks of the 
compound C ft H*N 4 0* Ag*0, which turn black on boiling. — From a solution of xanthine 
in nitric acid, silver-nitrate throws down flocks, probably consisting of a compound of 
xanthine with silver-nitrate, which, if left in the hot liquid, gradually become crystal- 
line; water abstracts nitric acid from them. 

The silver-compound of xanthine, heated with methylic iodide, yields dimethyl- 
xanthine, C*H*(CH , )*N 4 0*, isomeric but not identical with theobromine. Streeker 
represents the relation between these three bases and caffeine by the following rational 
formulas ; 


(CN)* 

(co r 
(c*H*oy 

H* 

Xanthine. 


4 


J 


N’; 


CO)" ) 

(c j n=oyf ' 
(CH*)* J 

Dirncthyl- 

xanthlne. 


N’; (C 


(CN) * 

(CO) " 


CWO)” 
H.CH* J 

Theobromine. 


N*; 


(CN) * 

(CO) " 
(C*H 4 0)" 

(CII*) 2 

Caffeine. 


■N*. 


XAXTBXimri. COI'N'O'. (C. Finck, Ann. Ch. Pharm. cxxxii, 208; 
Jahresb. 1864, p. 642.) — A base produced, together with sulphate of ammonium, by 
heating thionumte of ammonium to 200° : 

C 4 H*(NH 4 )*N f SO« « (NH 4 )*SO« + C^HTO. 

On boiling the resulting mass with water, the xanthinine remains as a yellow pow- 
der, which mAy be purified by solution in alkalis, precipitation with acids, and treat- 
ment with strong nitric acid. It dissolves in about 4,000 pts. of boiling and 40,000 
pts. of cold water, to a light-blue fluorescent solution, which is precipitated whits by 
mercuric chloride, yellow by silver-nitrate. It dissolves in strong nitric and hydro- 
chloric acids, somewhat more freely than in water, and separates therefrom in 
crystalline laminae. The solution in concentrated sulphuric acid, decolorised with a 
little nitric acid, deposits sulphate of xanthinine in laminar crystals, which are decom- 
posed by water, with separation of white pulverulent xanthinine. On dropping an 
ammoniacal solution of xanthinine into an excess of silver* nit rate,* a bulky yellow 
silver-compound, C 4 H*N*O t .Ag ? 0, is formed, insoluble in water and in ammonia. 

uansvoowig. A yellow colouring-matter, contained, According to 
On sent (Jahresb. 1850, p. 564), in the juice which exudes from incisions in tho bark 
or fruit of Inocarjms edidis. 
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XAJrTBXV«8PAR« Syn. with Wtjlfenite (p. 1049). 

XAWTHZTAW1, A mineral from Green River, in Henderson County, North 
Carolina, probably a pseudomorph after titanite. It is earthy, yellowish-white, with 
faint lustre; brittle; hardness » 3*6; specific gravity ^ 2' 7 to 3*0. Gives off water 
when heated in a tube, and exhibits with fluxes the reactions of titanium. (Shepard. 
J. pr. Chem. Bd. lxix.) 

aKAVTSITS, A variety of vesuvian occuring at Amity, in the State of New York, 
in indistinct, four-sided, prismatic crystals and crystalline granules, imbedded in 
limestone. (Dana, ii. 199.) 

UVTBOBSTXO ACXD. An acid contained, according to L. Meior, in the 
root of Beta vulgaris . It is obtained by precipitating the cold aqueous extract with 
neutral acetate of lead, boiling the precipitate repeatedly with water, then drenching 
it with alcohol of 80 per cent., and evaporating the extract to dryness after addition of 
dilute sulphuric acid. On exhausting the brown residue with cold alcohol, and 
evaporating, xanthobetic acid remains as a reddish-yeilow mass, having a sour taste, 
hygroscopic, slightly soluble in ether, easily in alcohol and in water. Alkalis 
and alkaline earths colour it red, and form soluble crystalline salts, from which the 
xanthobetic 'acid is separated by stronger acids in its original state. The xantho- 
betates of the heavy metals are insoluble, and are obtained by precipitation. (Handw. 
d. Cheih. ix. 828.) 

XAMTHOCHTMUB. The juice of Xanthoohymus pictorius (formerly supposed 
to contain gambogo) is greyish -green, and contains 65*5 per cent, resin, 17*6 gum, and 
6*9 woody fibre ; no volatile oil. (Christison, Ann. Ch. Pharm. lxxvi. 347.) 

XBOTTHOCOBAATZC SALTS. See Cobajlt-basbs, Ammoniacal (i. 1054); 
for the view of their composition proposed by C. D. Braun, see Jahresb. 1862, 
p. 210; 1864, p. 270. 

XAlTTHOCOXra. Ag i AsS 4 .2Ag a AsS 8 . — A silver-ore from the Himmelfiirst 
mine, near Freiberg in Saxony, crystallising, according to A. Brei thaupt (Pogg. Ann. 
lxiv. 272), in rhombohedral plates, having a brown to orange-yellow colour and ada- 
mantine lustre ; transparent to translucent, somewhat brittle ; hardness — 2*3; specific 
gravity «= 6 0 to 5*2. 

XASTTKOCYSTW. See Tyrosine (p. 931). 

SLAJrTKOCMBJP. A name applied by Hope (J. pr. Chem. x. 269) to a substance 
(called 4 ‘ resin of flowers ” by C 1 a m o r-M a r q u a r t), which he supposed to be very widely 
diffused in the vegetable kingdom, and to be turned yellow by alkalis. (See Flowers, 
Colours of, ii. 668.) 

XAVTBOOBN-OZL. Zeise’s name for an oily product formed by the dry dis- 
tillation of potassic xanthate (p. 498). 

aEAXrTHOO&OBinLnr, This name was given by Scherer (Ann. Ch. Pharm. 
cxii. 267) to a substance which he obtained in yellow globules, together with sarcine, 
from the liver, spleen, and other organs of the animal body ; subsequently, however, he 
found that it was a mixture of xanthino and sarcine. 

ZAVTHOLGZV. A yellow colouring-matter from the seed-capsules of Sorghum 
oaccharatum . 

BAVTBOUIZV. A yellow colouring-matter obtained from the bark of Sorghum 
sacoharatum, (Secard, Itier, and Joulie, Compt. rend. xliv. 19, 141.) 

aUURrraOMBTBTXiXO ACID. See Sdlphocahbokic Ethers (p. 601). 

XASrrBOFBXrXO AOZD. A product of the decomposition of opiammone by 
aqueous alkalis (iv. 207). 

ZABTHOPBinO AOID. A yellow Colouring-matter, of unknown composi- 
tion, produced, ^according to Fol (R^p. Chim. App. 1862, p. 179; Jahresb. 1862, 
p. 697), h ea ti n g p henol or cresol with arsenic Acid. It dissolves in water with golden- 
yellow colour, in aqueous alkalis with red colour, and forms reddish salts. The free 
acid dyes silk aad woolyellpw, without the aid of mordants, and the dyed stuffs may be 
treated with soap. The Xanthophenates dye silk and wool red, of various shades, from 
the darkest red to the lightest rose-colour. 

XAHTIOTHTLL. The yellow colouring-matter of withered leaves. Nothing 
certain is known respecting its composition, or of the manner in which it is farmed 
from chlorophyll (See Handw. d. Chem. 2 1 * Aufl. ii. [2], 10, art Blattgkllk.) 
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XAmraOPHV&XiZTl. 8ee CuKTOXfiTB (i. 1026). 

XAH THOVXO&nr. XAHTlOVlOftira. These names were given, h J 

Chovallier and Pelletan (Ann, Ch. Phys. [2), xxxiv. 200), to a yellow colouring- 
matter from the bark of Xanthoxylon caribrnim, since shown by Perri ns (Phartn* J. 
Trane. [2], iv. 466), to be identical with berberine (i. 679). 

auurXHOPXOTUC ACID. An acid formed by the action of nitric acid on 
albumin, fibrin, casein, and horny matters. It is purified by boiling water and 
alcohol (Mulder, J. pr. Chom. xvi. 397 ; xx. 362), It is an orange-yellow, amor- 
phous, inodorous, and tasteless substance, which reddens vegetable colours. It is 
charred by heat without melting, diffusing an odour of burnt horn ; forms deep red 
solutions with alkalis, and is precipitated therefrom by acids. Dissolves in concen- 
trated acids, and is precipitated by water from the acid solutions in combination with, 
the acid employed. These precipitates are decomposed by washing : — 


Carbon 
Hydrogen . 
Nitrogen . 
Sulphur 
Oxygen 


MOlder. Van tier Pant. 

(Average of II analyses.) 
6078 60*0 

-6*60 6*3 

14*00 14*7 




i> 


Mulder considers xanthoproteic acid to be dibasic, and ascribes to it the formula 
C^H^N'O 14 . Xanthoproteic acid is decomposed by boiling concentrated potash, yield 
ing ammonia. When chlorine is passed through an ammoniacal solution of tho acid, the 
liquid is docolorised, and a yellow precipitate, containing chlorine, is formed. 

The potassium- and sodium-sails do not crystalline ; they have a fine red colour.— 
Tho ammonium-salt is red, and parts with all its ammonia at 140°.— /Tho barium - and 
calcium-salts are red, very soluble in water, and insoluble in alcohol and in other.— 
The barium-salt contains 12*9 per cent. BaO (Van dor Pant). — The'tVon- and copper- 
salts arc orange, and become red on drying. — The lead-salt forms a yellow precipitate 
becoming red by desiccation, and contains 14 per cent. PbO. — The silver-salt resembles 
the preceding. 

Neither the acid nor its salts explode by heat. 

XJUITTROOTSirn. Syn. with Iron Pyritbs (iii. 403). 

SANTHOftBAMVnr. A yellow colouring-matter obtained from Persian or 
Turkey tarries, tho seeds of Tthamnus amyydalinus , It. olt oides , It. saxatilis , and from 
Avignon grains, the seeds of It. infectorius (p. 100). According to Kane (Phil. Mag. 
[3], xxiii. 3), it has tho composition C M H a, 0' 4 f and occurs only in the ripe seeds, being 
formed by decomposition of tho chrysorhamnin contained in the unripe seeds (i. 960). 
It is also produced by boiling chrysorhamnin with water, in contact with the air ; and 
when unripe Persian berries are boiled with water for some time, and dried, they are 
afterwards found to contain, not chrysorhamnin, but xanthorhamnin. Xanthorhamnin 
dried in a vacuum over oil of vitriol, is deliquescent, molts below 100°, and continues 
to give off water till heated to 200°, and then solidifios to a brittle mass. It decom- 
poses above 200°, dissolves easily in water and in alcohol, but is quite insoluble in 
ether. Tho aqueous solution is precipitated by neutral and basic acetate of lead. 
(Kane.) 

According to Gellatly (N. Edinb. Phil. J. vii. 262), xanthorhamnin has the com- 
position C M lP 8 0 H , and exists ready-formed in the unripe berries. To obtain it, the 
coarsely-ground berries are boiled with alcohol; the tincture, not too concentrated, is 
freed by standing htkI repeated decantation from a dark-brown resin, and then left for 
some days to crystallise; and the product is purified by crystallisation from alcohol. 
Xanthorhamnin thus obtained forms coxnpact tufts of pale-yellow shining,, crystals 
containing 6 at. water, which they give off without melting at 100°. In aquaotqp solution 
it is resinised by bromine and chlorine. Nitric acid oxidises it, farming a red solu- 
tion which contains oxalic acid. It dissolves in strong sulpkgm acid. and is thrown 
down as a yellow precipitate by water. By boiling with dfigtbtenli, Il ls resolved into 
rh&mnetin and glucose : 

C"H«0" + 3H f O - C'WW + 2C*BW*. 

Xanthorhamnin. Rhamnetln. ^GIucom. 

Xanthorhamnin dissolves easily in water, cither hot or chid, but cannot be separated 
from the solution in the crystalline form; It dissolves in cold alcohol, easily in boiling 
alcohol, but is insoluble in ether. With aqueous alkalis it forms brown solutions, 
which become paler when mixed with acids. It forms precipitates with salts of the 
alkaline earth-metals, aluminium-salts, and stannic salts. Neutral lead-acetate, mixed 
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•with an excess of alcoholic xanthorhamnin, gives a yellow precipitate, consulting, in the 
air-dried state, of C tt H 29 0 14 .Pb0. Xanthorhamnin ■ forms a black precipitate with 
iron-salts. It dyes fabrics mordanted with alumina, a fine yellow; those mordanted 
with iron, black. (Gellatly.) 

Hlasiwetz (Ann. Ch. Pharm. rari. 108) regards xanthorhamnin as identical with 
quercitrin (p. 6) and rhaznnetin resulting from its decomposition as identical with 
quercetin (p. 4). This is doubted by Bolley (ibid, cxv. 65), who, however, obtained 
quercetin from Persian berries (Chem, Soc. Qu. J. xiii. 328); also by Gellatly 
(Chem. News, iii. 196 ; Jahresb., 1860, p. 497). 

ZAVTSOBEBCEA AUSZIT. Syn. with Acaboijo Resin (i. 2). 

XAVTB ORTBXTZ. A yellow mineral from the Kullberg, near Stockholm, 
allied to orthite or allanite, and containing, according to Bah r (Berz. Jahresb. xxvi. 
869), 32*93 per cent. SiO a , 16*54 A1*0\ 4*21 FeO, 20*01 CeO (with LaO and DiO), 
6*76 CaO, 0*69 YO, 2*16 MgO, 0*39 MnO, 17*66 water, and a small quantity of car- 
bonic acid. 

WAW THOflniiiniTE. A hydrated ferric oxide, Fe*0*.2H 2 0, occurring in 
acicular or fibrous crystalline groups, hoar Ilmenau in the Thuringian Forest. (E. 
Schmid, Pogg. Ann. Ixxxiv. 495.) 

XAVTHOTAWZC ACID. The name given by Ferre in (Jahresb. 1858, p. 
463) to the yellow colouring-matter of elm -leaves, which he regards as a tannic acid. 
The alcoholie extract of yellow elm-leaves gave, when treated with water, a yellow- 
brown liquid, from whicn acetate of lead threw down xanthotannate of lead, 
3PbO.2C l4 fl ,s 0* 

XAlTTHOXTLEiriL C ,C H 14 . (St on house, Pharm. J. Trans, xvii. 19.)— The 
volatile oil of Xanthoxylon piperitum , Dec. (Fagara piperita , L.) f the so-called Japan- 
pepper. It is colourless, strongly refractive, has an aromatic odour not altered by 
treatment with sodium; boils at 162°; forms a liquid compound with hydrochloric 
acid. 

JUUrTBOXY&Xir. (Stenhouee, Pharm. J. Trans, xiii. 423; xvii. 19.)— A 
crystalline non-nitrogenous camphor or stearopteno, which separates, on cooling, from 
the oil obtained by distilling the bruised seeds of Xanthoxylon piperitum with water. 
It may also be prepared by evaporating the alcoholic extract of the fruit; the crystals 
thus, obtained are contaminated with resin, but may be purified by washing with cold 
aqueous ammonia, and recrystallising from alcohol or other-alcohol. 

Xanthoxylin forms monoclinic crystals, having a silky lustre, a faint odour, and a 
slight aromatic taste. It is insoluble in water, but dissolves easily in alcohol and 
other, melts at 80°, solidifies at 78°, and may bo distilled without decomposition. 
Nitric acid oxidises it to oxalic acid. The alcoholic solution is not precipitated by 
nitrate of silver, or acetate of lead, even on addition of ammonia. 

XAVTXOXnoV. The bark of X. carib&um, Lum., or X. Clam Herculis, L., 
used in the Antilles as a febrifuge, contains, according to Staples (Pharm. J. Trans. 
[2], iv. 399), a volatile oil, a green fixed oil, gum, and a crystallisable bitter principle, 
designated by him as xanthoxylin, and regarded by Bentley (ibid.), as probably 
identical witnthe xanthopicrite of Chevallier and Pelletan (j>. 1053) ; according to 
Perrins, however, the two bodies are distinct, xanthopicrite being in fact identical 
with berberine. 

The fruit of X. piperitum contains a volatile oil, xanthoxylone, and a crystalline 
camphor, xanthoxylin (vid. sup.) 

w n jarraranr. The name given by Couerbe to a liquid compound, C 4 H^SO a , 
which he supposed to be produced by the dry distillation of potassic or .plumbic 
xanthate. 

X&VTBTD3UO ACID, Syn. with Fbrsulfhoctanic A cm (iv. 378). 

xnroum An aluminic silicate, occurring at Peterhof in Finland, in fibrous 
layers having a vitreous lustre, hardness =» 7*0, and specific gravity = 3*5. Con- 
tains 47*44 per cent, silica, and 52*54 alumina. (Komonen, Pogg. Ann. lvi. 643.) 

XSBOTXXX. Native phosphate of yttrium. (See Phosphates, iv. 586.) 

XBVTLAXXn C^B^N « C 12 ®[*|n. Martylamine. (Hofmann, Proc. Boy. 

Soc. xii. 389.) — A monamine isomeric with diphenylamine, occurring id the basic oil, 
boiling above 130°, which is obtained as a bye-product in the manufacture of aniline. 
This mixture of oily bases, neutralised with sulphuric acid, deposits impure sulphate 
ofxenylamine, which may bo purified by treating it with boiling alcohol, crystallising 
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the remaining salt from a largo quantity of boiling water, and again treating it with 
boiling alcohol. On suspending the pure sulphate time obtained in weak alcohol, 
decomposing it with caustic soda, and adding water, xenylamine separates in the 
crystalline form, and may be purified by solution in alcohol, and precipitation with 
water. 

Pare xenylamine forms white shining scalcB or needles, having a slight grey tint 
when dry. It is but slightly soluble in boiling water, easily in alcohol and in ether ; 
melts at 45°, boils at 320°, and distils without decomposition. It unites with acids, 
forming crystallisable salts. — The hydrochlorate, C K 'H n N.IlCl, forma white needles, 
somewhat more soluble than the sulphate. — The chloroplatmate, 2(C ,2 H n N.HCi)J*tCl\ 
H*0, is a pale-yellow precipitate, composed of microscopic neodles; does not give off 
its water of crystallisation at 150°.— The nitrate, C 1 *H“N.HNO , ) forms large white 
needles, moderately soluble in water. — The 5i//pAu^,(C , *H u N) 1 .H‘S0 4 ,i8 distinguished 
by its sparing solubility in cold and even in boiling water ; it is but little more 
soluble in boiling alcohol. From the boiling aqueous solution it separates in small 
needles. 


Derivatives of Xenylamine, 

Xenylamine shows less tendency than most other monamines to the formation of 
substitution-derivatives. — With bromine, chlorine , and most oxidising agents, it yields 
black compounds, which crystallise with difficulty, or not at all. — -When nitrous acid 
gas is passed into an alcoholic solution of xenylamine, the liquid soon solidifies to a 

red crystalline mass, consisting of an azodixenylamine, C 2< H ,B N* » C^H^NJN 1 , or a 
double molecule of xenylamine, in which 3 at. H are replaced by 1 at, N: 

4C , *H 1, N + N’O* - 2C«H”N* + 3H*0. 

This body is insoluble in water, slightly soluble in alcohol, freely in ether. When 
treated with acids, it yields xenylamine, and an aromatic substance not yet examined. 

Didhyl-xenylaminc, C ,8 II 1P N « (C*H*) 2 1 * 8 °^ )tft ‘ ne ^ * n n T 1(K)U8 solution by 

treating xenylamine with othylic iodide and silver-oxide alternately. On evaporating 
the solution, it crystallises in long white needles, insoluble in water, moderately solu- 
ble in alcohol, easily in ether; it has no alkalino reaction, melts below 100°, and 
volatilises without decomposition at a higher temperature. It forms cryatullisablo 
salts with hydrochloric, hydrobromic, and hydriodic acids. 

Diethyl-xenylamine is not further acted upon by iodide of ethyl.— With iodide 
of methyl , however, it yields an ammonium-base, which has an alkaline reaction 
in the free state, and forms a crystalline chloroplatinate, 2C l9 H**NCl.PtCI > m 
2(C«H*)(C 2 IP; a (CH l )NCmCl 4 . 

ZIVTLBira-DZAltnra. This name is given by Hofmann to bonzidine 
^ H 4 ^ (*• i iy • *11)» which is, in fact, related to xenylamine in the same man- 

ner as ethylene-diamine (ii. 585) is related to ethylamine. 

aUBSrnUBNXC ALCOHOL. C^H^O* - (C'W) Vipkcnyl-alcohd. Di- 
phenyl ic Acid. (Griess, Chera. Soc. J. xx. 96.) — A diatomic alcohol, produced by the 
action of water on nitrate of diazobenzidine (iv. 412) : 

C ,2 H 4 N 4 .2HHO i + 2H 2 0 - C ,3 H ,# 0* + 2HNO* + 2N 3 . 

It crystallises in small white or slightly coloured plates or needles, slightly soluble in 
water, freely in alcohol or ether. It melts when heated, and may be sublimed by 
cautiously heating small quantities of it in a test-tube. It dissolves easily in potash, 
and is precipitated therefrom by acids. Strong aqueous ammonia also dissolves it, and 
the solution gives a white bulky precipitate with acetate of lead. Strong nitric acid 
converts it into a nitro-acid, which crystallises in yellow roundish crystals, and forms 
an ammonium-salt crystallising in long needles. 

ZERASZTXL A decomposing lava-mass containing hornblende, from Vesuvius. 

XZLXTZ. Syn. with Xylite. 

XXL090L. Syn. with Xtlotol. 

XQTim The sulphide of this rsdicle, C*H T H*S*, was supposed by Volckel 
to be produced, together with several other doubtful compounds, by the decomposition 
of persnlphocyaaic add (iy. 379). 

xnm, or XYLOL, C*H ,# * Vimethylbcnzene, C‘H , (CIP) 1 ; isomeric with 
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Ethylbenzene, OH*(C*H*). — This hydrocarbon, homologous with benzene and toluene 
was first obtained in the pure state from coal-naphtha by Hugo Muller (Zeitschr! 
Ch. Pharm, 1861, p. 161), its trinitro-compound having been previously prepared 
from Burmese naphtha by Warren De la Rue, and Hugo Muller in 1856 (Proc. 
Roy. Soc. viii. 225). It was afterwards prepared in larger quantity from coal- 
naphtha, and further examined by Beilstein, Wahlforss, and Bossier (Ann. 
Ch. Pharm. cxxxiii. 32; Jahresb. 1864, p. 529). — Fit tig, in 1864 (Ann. Ch. Pharm. 
cxxxiii. 47), showed that it may be formed synthetically, as dimethylbenzene (methyl, 
benzyl). 

Xylene had been obtained, mixed with toluene and other hydrocarbons, several 
years before it was completely isolated. The hydrocarbon (boiling at 128° — 130°), 
obtained by Cahours (Compt. rend. xxx. 319), and by Volckel (Ann. Ch. Pharm, 
lxxxvi. 335), was evidently a mixture of xylene and toluene ; so likewise was the so- 
called xylene (boiling at 126*2°), prepared by Church (Chcm. Soc. J. xiv. 52) from 
coal-naphtha. Nearly pure xylene had previously been obtained from coal-naphtha by 
Mansfield, Ritthausen, and Hilkenkamp ; but they regarded itascumene. The 
hydrocarbon, boiling at 145° — 148°, and likewise described as cumene, separated by 
Cahours (Ann. Ch. Pharm. lxxvi. 286) from crude wood-spirit, and the so-called 
retinyl, boiling at 150°, obtained by Pelletier and Walter (ibid, xxiii. 150; 
xxviii. 297), from the distillation-products of the resin of Pin us maritime!, also con- 
sisted mainly of xylfene. Lastly, the hydrocarbon called petrol (iv. 383), found by 
Bussenius and Ei sen stuck in the petroleum of Sehnde near Hanover, is evidently 
identical with xylene. 

Preparation. — 1 . From C oal - n a p h t h a. — Light coal-naphtha, or (better) the least 
volatile portion of that which has been distilled off in benzene manufactories (boiling 
at 130° — 160°), is subjec.tod to repeated fractional distillation, to separate the portion 
which boils at about 141° ; this portion is shaken up with oil of vitriol containing a 
little fuming sulphuric acid, which dissolves the xylene us xylene-sulphuric acid, 
leaving undissolvod a small quantity of a hydrocarbon of the marsh-gas series (proba- 
bly C ltf H- a , boiling at 151°), and of another having the composition of turpentine; 
the xylene-sulphuric acid is decomposed by dry distillation ; and the xylene which 
passes over is purified by washing, drying, and distillation, (Beilstein.) 

2. By syn thesis. — By the action of methylic iodide and sodium on monobromo- 
tolueno (Fit tig) : 

C«H«Br.CH* + CIFI + Na* « NaBr 4 - Nal 4 - C«H*(CH a )*. 

Bromntoluene. Xylene. 

Properties and Reactions. — Xylene is a colourless liquid, having a very faint odour, 
different from that of benzene. Specific gravity *= 0*86 at 19°. Boils constantly at 
189°. According to Warren (Jahresb. 1865, p. 514), its specific gravity is 0*8780 at 0°, 
0*866 at 15° ; boiling-point (corrected) 139*8°. By oxidation with potassic bichro- 
mate and sulphuric acid, it yields terephthalic acid, C 8 H a O* ; dilute nitric acid con- 
verts it into the intermediate product, toluic acid, C K H 8 O a : 

C*H»° + O* - C a H*O a 4- H*0. 

C*H l ° 4- O* = C»H«0< + 2H a O. 

Probably, in the former case, toluic acid is first formed, and then further oxidated to 
terephthalic acid ; in fact, toluic acid is actually transformed into terephthalic acid by 
oxidation with chromic acid. (Beilstein and De Scheffer, Zeitschr. f. Cbem. 
1865, p. 212.) 

Xylene, passed in the state of vapour through a red-hot tube, is resolved into a mix- 
ture of several hydrocarbons — viz,, benzene^ toluene ; a hydrocarbon, OH*, probably 
styrolene; naphthalene; liquid hydrocarbons boiling between 250° and 320°; anthracene, 
and probably its higher homologues ; and, lastly, orange-coloured hydrocarbons 
of resinous and bituminous consistence, analogous to chrysene, benzery throne, &c. 
The formation of these products may be represented by the following equations : 

C*H*° — H a s* C*H a 

Xylene. Styrolene. 

8C*H I# - 2C’H» 4 - C ,0 H* 4 * 3H* 

Xj leue. Toluene. Naphtha- 

lene 

The anthracene! C H H la , is produced by the dehydration of toluene. (Berthe lot, 
Bull. Soc. Chim. 1867, i. 227.) 

WhylHea tat, CMP.OH 4 . — This hydrocarbon, isomeric with xylene, is pro- 
duced by the action of sodium on a mixture of monobromobenzene and ethylic bromide. 
It is a colourless mobile liquid, very much like toluene, and boiling constantly at 133°. 
Bjr oxidation with potassio bichromate and sulphuric acid, it yields benzoic acid. 
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Derivatives of Xylene , 

The chlorine- and bromine-derivatives ’of xylene have not been much investigated. 
Theoretically, they should exhibit isomeric modifications, similar to those of the to- 
luene-derivatives (p. 852), but in greater number, inasmuch as xylene contains two 
atoms of methyl, whereas toluene contains only one. Thus there should bo two xylylio 
chlorides corresponding to benzyl chloride, the one being isomeric with monocnloro- 
xvleno, the other with dichloroxylene ; thus — 

Monochloroxylene, 0*H 8 C1 j isomeric with C rt H 4 j q^CI* ^ rst c ^ or ^ 0, 

Dichloroxylene, C*H*C1* | „ „ C fi II‘ j second chloride. 

From experiments by Korner, it appears that both those chloridos are produced when 
xylene is treated with chlorine at tho boiling heat. 

Bromo-xylenes. (Riche and B6rard, Ann. Ch. PI j arm. cxxxiii, 53. — Beilstein 
and Wahl fores, ibid . 46. — Fittig and Ernst, Zoitschr. Ch. Pharm. 1865, p. 672.) 
— When bromine is mado to flow slowly into xylene, a largo quantity of hydro- 
bromic acid escapes, and tho colour of tho bromine disappears almost immediately. 
On shaking up the product with potash-ley, distilling over caustic potash (best with 
addition of a little alcohol, to prevent percussive ebullition), and pur i tying by fractional 
distillation, monobrom oxy leno, CIPBr, is obtained as a colourless liquid, of 
specific gravity 1-335 at 20°, boiling at 212° (Walilforss), at 203°—- 204° (Fittig 
and Erust), at 203° (Kokul6). Its vapour does not oxcito tears. 

The more highly brominatod derivatives of xylene are produced in small quantity by 
the process just described (K ok ul 6). Riche and B^rurd, by treating xylene with 
bromine for sevoral d 113-8, obtained an oily product, which was converted by nitric acid 
into a crystaHisablo nitro-com pound, C"H a Bri(NO a ) ; the bromine-compound was there- 
fore tribromoxy lone, C 8 H 7 Br*. 

Ethylbenzene is slowly attacked by bromine, forming monobromo-ethylbenzone, 
which is a liquid boiling at about 200°. When heated with bromipe to lOtF, it yields 
more highly brominatod compounds, which are also liquid. (Fittig, Ann. Cli. Pharm. 
cxxxiii. 226.) 

C&loro-xylenes. (Hollcmann, Zoitschr. f. Chem. 1866, p. 664 ; Jahrcsb. 1865, 
p. 664. — Vollrath, Zeitschr. f. Chom. 1866, p.488; Jahresb. 1866, p. 605. — L&uth 
and Grimaux, Bull. Soc. Chim. 1867, i. 233 ; Ann. Ch. Pharm. cxlv. 116.) 

Mono chloro- xylene, C*H*Cl(CH*) a , has uot yet been obtained ; but the isomerio 

compound, toluylic chloride, or chloride of toluyl, is produced 

by the action of chlorine on xy leno at the boiling heat (Vollrath, p. 870), or by 
passing chlorine-gas into vapour of xylene, and subjecting the product to repeated frac- 
tional distillation (Lauth and Grimaux). It is a clear colourless liquid, which 
excites a copious flow of tears; boils between 190° and 196° (Lauth and Grimaux) ; 
at 193° (Vollrath). It precipitates a solution of silver-nitrate evon in tho cold, and 
when boiled with acetate of silver, yields chloride of silver and acetate of toluyl 
(p. 869). Heated for an hour with J mol. nitrate of lead and 6 or 7 times its weight 
of water, it is converted into toluic aldehyde, CTPO (Lauth and GTrimaux). It is 
decomposed by sodium, yielding toluyl, (C’H*)*, and when treated with cyanide of 
potassium, in presence of alcohol, it yields alphaxylylic acid, C*H '•()*. (Vollrath.) 

Dichloroxylene, C*H*Cl a ■■ C*IFC1 2 j q is prodheed by passing chlorine, 

nearly in the quantity required by theory, into xylene containing a small quantity of 
iodine, and purifying the product by fractional distillation. It crystallises in white 
laminae, melts at the heat of the hand, and boils at 222° ; dissolves easily in alcohol and 
in benzene. It- doCs not exhibit double decomposition with acetate or cyanide of po- 
tassium, even at 120°.— Sodium attacks it readily, producing a solid hydrocarbon, not 
yet examined. (Hollemann.) 

The same or an isomeric compound is produced, together with the monochlorin&ted 
compound, in the process just described, and is deposited in the solid form when the 
portions of the crude product which distil over between 230° and 240°, and between 
240° and 250°, are cooled by a freezing mixture. It may be purified by pressure, and 
crystallises by slow evaporation from a large quantity of ether, or a mixture of ether 
and alcohol, in rather large, transparent, shining crystals. It melts at 100°, and solidi- 
fies to a radiate mass on cooling; distils between 240° and 246°, being for the most 
part decomposed at the same time. (Lau t h and G rimaux) 

Trichloro-vylcne, C*H T Cl a , is easily produced bypassing chlorine into xylene 
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mixed with iodine, till the mass becomes solid. It boils at 254°— 258°, and form. 
silky needles, easily soluble in warm alcohol and benzene, sparingly in the 
when cooled. (Hollemann.) 

Ethyl-xylene, C ,0 H 14 = OTM-m - C 4 H*(CH»)*(C*H^ is produced a. 
ethyltoluene, p. 857) by the action of sodium on a mixture of monobromoxylene '!!!! 
ethylic bromide. It is a liquid having a specific gravity of 0*8783 at 30°, and boiliS 
at 183° — 184°. When warmed with nitrosulphuric acid, it is converted into a trm 
tro-compound, crystallising from alcohol in needles, and melting at 119°, By (nidi 
tion with chromic acid, it yields an acid resembling terephthalic acid, but more easilr 
soluble in alcohol. (Fit tig and Ernst, Ann. Ch. Pharm. oxxxix. 184.) * 

lftethyl-xylene, C # H 18 = C 8 H B (CH*) = prepared in like manner 

boils at 165° — 166°, and unites with a email quantity of bromine (with evolution of 
hydrobromic acid), forming a solid bromide, which crystallises from alcohol in 1*™^ 
melts at 73°, and is identical with bromide of cumene. The barium-salt of the sol- 
pho-acid of methyl-xylene reacts also exactly like cumene-sulphate of bari um . (Fittig 
and Ernst.) 

STltro-zylenes. (Muller, Zeitschr. Ch. Pharm. 1 864, p. 1 61 . — Beilstei n, Ann. 
Ch. Pharm. cxxxiii. 45. — Fittig, ibid, cxxxiii. 48 . — Glinzar and Fit tig, ibid, 
cxxxvi. 307 . — Veumelandt, Zeitschr. f. Chem. 1866 , p. 21.) — When xylene (either 
from coal-naphtha , or prepared synthetically) is dissolved in cold fuming nitric acid, 
and water is added to the solution , a heavy oil separates out, consisting chiefly of 
mononitroxylenc, but often depositing crystals of dinitroxylene after long standing.— 
Mononitroxylene, C 8 IP(NO*), is a liquid, and when pure distils without decompo- 
sition ; on distilling the crude product, however, explosive decomposition takes place 
towards the end, arising from admixed dinitroxylene. Mononitroxylene boils at 240°. 
(Deumelandt.) 

Dint tro -xylene, C*H*(N0 2 ) a , is solid, and crystallises from dilute alcohol inhighly 
lustrous crystals, which melt at 93°. From synthetically-prepared xylene, Fittig and 
CHinzer obtained, together with the dinitroxylene just described, an isomeric modifica- 
tion, melting at 123-5°. 

Trinitro-xylene, C 8 H 7 (NO*)\ is easily produced by the action of a mixture of 
nitric and sulphuric acids upon xylene, by prolonged contact at ordinary temperatures, 
more quickly when heated. It is solid, and slightly soluble in cold alcohol ; from 
boiling alcohol it crystallises in needles which melt at 177° (Beilstein). By the 
action of reducing agents it is converted into dinitroxylidine or nitroxylene-diamin© 
(p. 1059). 

The compound C 8 H T (N0 2 ) 8 , described (iv. 382) as irinitropetrol , melts at 162°. 

By the action of nitrosulphuric acid on synthetically-prepared xylene, and on tho two 
modifications of dinitroxylene, Glinzer and Fittig obtained crystallisablo trinitroxyleue 
melting at 187°. 

Ethylbenzene, C 8 H*(C 9 H 5 ), dissolves easily and with violent action in cooled 
fuming nitric acid, and water added to the solution throws down mon onitro-cthyl- 
benzene, C*H*(NO*), which distils without decomposition at 233°. At ordinary tem- 
peratures tho nitration does not proceed any further ; but on wanning the liquid, or 
on dropping ethylbenzene into a warmed mixture of 2 vols. sulphuric and 1 vol. nitdc 
acid, and adding water, dini tro-ethylbenzene, C 8 H 8 (N0 9 )*, separates as a non-dis- 
tillable oil. This compound, boiled for an hour with nitrosulphuric acid, is converted 
into trinitro-ethylbenzene, C 8 H 7 (N0 3 )*, which is also a non -distillable oil. 

Axo-xylene, C 8 H f N, or C 18 H ,a N* — Produced by the action of sodium-amalgam on 
nitroxylene. Crystallises in brick -red needles, which melt at 120°, and volatilise 
without decomposition. If the treatment with sodium-amalgam be further continued, 
colourless crystals are obtained, which dissolve veiy easily in alcohol and ether, and 
sublime even when the ethereal solution is evaporated: they probably consist of hy- 
dro-azoxylene, (Werigo, Zeitschr. f. Chem. 1864, p.723 ; 1865, p. 312.) 

XTUWE-S lAKnnB. Syn. with Xyi.tlene- diamine (p. 1061). 
XT11NB-8VLPBOCXLOXXBB. C B H*SClO* = C 8 H B (CH a )*.SO*Cl. (Yssel 
de Scheffer, Zeitschr. f. Chem. 1865, p. 360.) — This compound is obtained, as a yel- 
low non-distillable oil, by triturating xylene-sulphate of sodium with pentachloride of 
phosphorus, warming the mixture, and pouring the product into water. Bv the action 
of zinc and sulphuric acid, it is reduced to xylene-sulphydrate ; when treated in ethereal 
solution with sodium-amalgam, it is converted into xylene-sulphurous acid. 

xruniMmsvsxo non. C*H l8 SO' - C^.SCPH = CH^CH*)** 
SO*H XyloUulphuric Acid. Szdphoxrflolic Acid. Xylylsulphurous Acid. (Church, 
Jahresb. 1855, p. 634. — Beilstein and Wahlforss Ann. Ch. Pharm. cxxxiii. 38.— 
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’ittig and Glinser, ibid.e zxxvi. 805.)— Thii compound (partly described as xylyl- 
alohmous add, p. 605) i* produced by the action of strong- sulphuric acid on xylene ; 
f th e mixture be wanned in the water-bath, and frequently shaken with fuming aul- 
ihuric acid, the action is quicker. . „ 

Xylene-sulphuric acid is cry stalli sable, and extremely soluble in -water: by dry dis- 
illation it yields xylene. — Its potassium-salt is easily soluble in water and in alcohol, 
ind crystallises from alcohol in silky laminae,— The barium-salt, 0 8 H , ,Ba"(SO , 2*.H*O, 
brms spherical groups of shining scales, very soluble in water, and giving off their 
rater of crystallisation over oil of vitriol. — The calcium-, lead-, and* copper-salts are 
m rv soluble in water and in alcohol. 

Amidoxylene-sulphuric Acid , C 9 H"(NH*).SO*H - C # H 2 (HH*)(CH*) 2 .S0 3 H.— Xylifr 
rut-sulphuric Acid,— Obtained by heating sulphate of xylidine with sulphuric acid, 
/iystallises from dilute aqueous solution in needles, and is so sparingly soluble in 
rater that it may be precipitated from its salts. — The barium-salt forms nodules 
asily soluble in water. (Deumelandt, Zeitschr. f. Chem. 1866, p. 22.) 

XTLXXE-STJLPHtntOUS ACID. C 8 H ,0 SO* = OTP.SO'H » C 6 H*(CH , ) # . 
iO a H. — A viscid uncrystallisable oil, produced by the action of sodium-amalgam on an 
thercal solution of xylene-sulphochloride. (Otto, Zeitschr. f. Chem. 1866, p. 588.) 

X ILBHS-SHXiPBTDSATB. C 8 H ,0 S » OTP.SH - C«H a (CH a ) # .8H. Xy* 
lolsulphydrate. Xylylsulphydra te. Xylylic Mercaptan. (Yssel do Scheffer, 
Zeitschr. f. Chem. 1865, p. 360.) — Produced by tho action of zinc and sulphuric acid 
on xylene-sulphochloride. It is a colourless, strongly refracting oil, insoluble in water, 
soluble in alcohol and in ether. Boils at 213°. — Its mercury-compound crystallises 
from alcohol in white scales having a Bilky lustre. — The lead-salt is precipitated from 
alcoholic solutions as a powder of a fine yellow colour. — The copper - and silver-salts are 
pale-yellow unstable precipitates. 

Xylene-sulphydrate is strongly attacked by bromine and by pcntachlOride of phos- 
phorus, probably forming disulphide of xylene, 
xnnm. Syn. with Xylyl (p. 1061). 


XTUDAMZXra. 


! 


Syn. with Xylidhth. 


XVUDZira. CTEPW — CH^NH 2 ). Amidoxylenc . Amidoxylol. (Church, Phil. 
Mag. [4], lx. 256. — Deumelandt, Zeitschr. f. Chem. 1866, p. 21.) — This base, homo- 
logous with aniline, toluidine, and cumidine, and isomeric with ethy la ni line, dim ethyl- 
aniline, and collidine, is produced by the action of sulphide of ammonium, ferrous 
acetate, or stannous chloride, on nitroxylene. When this nitro-compound is treated 
with tin and hydrochloric acid, the whole solidifies on cooling to a crystalline mass, 
consisting of a compound of hydrochlorate of xylidine with stannous chloride, which* 
by recrystallisation from strong hydrochloric acid, may be obtained in large scaly 
crystals. By decomposing this compound with sulphurettod hydrogen, anti evapo- 
rating the nitrate, crystallised hydrochlorate of xylidine is obtained, which forms an 
easily decomposible double salt with platiuic chloride. 

Free xylidine may be obtained by distilling the hydrochlorate with dry soda— or 
(better) by reducing nitroxylene with iron and acetic acid, and distilling the product 
with excess of soda-ley. The base thus obtained may be combined with hydrochloric 
acid, and precipitated by potash from this salt, after it has been purified by recrystal- 
lisation. 

Xylidine is a colourless liquid, heavier than water, and boiling at 214° to 216°.— 
Nitrate of xylidine crystallises in white silky laminae ; the sulphate and oxalate are also 
crystallisable. 

Dinitroxylidinc, C^H^NO^.NH*, is produced, together with nitroxylylene-dia- 
mine (p. 1061), by the action of ammonium-sulphide on trinitroxyleno (B ©i I stein, Ann. 
Ch. Pharm. cxxxiii. 45). It is identical with the yellow base obtained by Bussenius and 
Eisenstuck as a bye-product in the reduction of trinitroxylene (trinitropctrol) from 
the petroleum of Seunde (iv. 382, footnote). On dissolving out the nitroxylylone- 
diamine with dilate hydrochloric acid, the dinitroxylidine remains behind, and must be 
freed from sulphur by recrystallisation from alcohol. It is yellow, insoluble in water, 
alkalis, and dilute acids, soluble in hot concentrated acids ; but is separated, in the 
pulverulent form, from these solutions on addition of water. From alcoholic solution it 
separates, by very slow cooling, in needle-shaped crystals, which melt at 101°— 192°. 

XXUDKVX-SVLPXUXXC ACID. Syn. with Amidox ylbne-sulfbubic A cm. 

XTUTS. This name is given by Hermann (BuIL Soc. d. Sc. nat.de Moscow, 
** containing 44 per cent. SiO 2 , 38*22 Fe^O 2 , 6*1 CuO, 4*8 MgO, 

0*68 CuO, and 4 44 water, forming finely fibrous masses resembling mountain- wood, of 

specific gravity 2*935. 


3 y 2 
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XYLITE— XYLOIDIN. 

XTLZtfl of Weidmann and Schweizer. Syn. with Liqkoxb (iii. 694). 

XTlOBAKflAU U Mi The commercial name of the odoriferous wood of Amttris 
gueadensis , which yields Mecca balsam (i. 496). 

* YI | C CHIOERIC ACID. A term applied bvFordos (Conipt rend. lvii. 
60) to the green colouring-matter of decayed wood, which may be extracted by chloro- 
orm. 

XYIOCHXOXB. A mineral found in a fossil tree-Btem from the volAnio tufa 
near Husavik in Iceland, forming olive-green quadratic pyramids, and containing 
62*07 SiO 2 , 1-54 Al*O s , 20*57 CaO, 0*33 MgO, 3*4 FoO, 0*56 Na 2 0, 3*77 K 2 0, and 
17*14 water (Sartorius v. ^ Waltershausen, Vulcan. Gest. Islands, p. 297). 
Kenngott (J. pi. Chem. lxxxix. 466) has shown that it is an altered form of apo- 
phyllite. 

*^T* , OCIfcY’PTXTll, A mineral apparently related to Scheererite, occurring in 
yellow waxy crystalline particles on lignite, (Becquerel.) 

XYIOIB. Lo wig’s name for the radicle xylyl, C 8 H 9 . 

XVIiOXDXC ACID. See the next article. 

XTDOXDnr. C a H*N0 7 = C«IP(NO*)0\ Pyroxam. Nitramidin. Explosive 
Starch. (Braconnot, Ann. Ch. Phys. [2], lii. 290. — Liebig, Ann. Ch. Pharm. vii. 
249.— Payen, N. Ann. Sc. nat. Bot. x. 161. — Pelouze, Compt. rend, vii. 713; xxiii. 
890.— Gladstone, Mem. Chem. Soc. iii. 412. — Bouij s -Bui lot, Ann. Ch. Pharm. 
xlv. 47.— B6 champ, Ann. Ch. Pliys. [3], xlvi. 338; Ixiv, 311.— Gm. xv. 106.)— 
This compound, discovered by Braconnot in 1833, is produced by the action of strong 
nitric acid upon starch. To prepare it, starch is triturated in a thick porcelain mortar 
(to prevent rise of temperature) with 5 to 8 pts. of fuming nitric acid, till it is reduced 
to a transparent semifluid mass, without evolution of gas ; and 20 to 30 pts. of water 
are then added, whereupon the xyloi'din is precipitated as a white granular mass, 
while a small quantity of starch remains in solution. If the action of the acid be too 
much prolonged, tho liquid bocomes coloured, nitric oxide is given offj and no precipi- 
tate is obtained on subsequent addition of water : but the liquid then contains a deli- 
quescent uncrystallisablo acid (called xyldidicacid, but probably identical with saccharic 
acid). (Pelouze, B6champ.) 

To purify the xyloidin, it is dissolved, after washing and drying, in a mixture of 
10 pts. glacial acetic Acid, (C 2 IP0 2 ), and 1 pt. of the dihydrated acid, (C 2 H 4 0 a .2H 2 0), 
and the solution is filtored and evaporated. 100 pts. starch thus treated yield from 
128 to 130 pts. of xyloidin. (B6champ.) 

Xyloidin is a white, inodorous, and tasteless powder, which does not reddeu litmus. 
It is insoluble in water, alcohol, ether, chloroform, ethylic acetate, acetone, and ben- 
zene ; dissolves in glacial acetic acid to a thick mucilage, more easily, according to 
Btichamp, on addition of of tho dihydrated acid ; tho solution coagulates on addi- 
tion of water. In boiling water, xyloidin cakes together without dissolving. 

Xyloidin when struck decomposes with detonation, but not so violently as gun- 
cotton. It melts when heated, and takes fire at 180°, burning brightly, and leaving 
a carbonaceous residuo. Gladstone found that a sample which had been kept for six 
years, decomposed suddenly, with evolution of gas containing a large proportion of hy- 
drocyanic acid, and after somo weeks a somewhat tenacious residuo remained behind. 

Bromine does not act upon xyloidin. — Iodine colours it yellow. — Strong nitric acid 
dissolves it, with decomposition, after some timo. — Strong sulphuric acid dissolves it with 
blackening, and on adding water the xyloidin separates out; dilute sulphuric acid does 
not dissolve it. — In strong hydrochloric acid it dissolves without decomposition, and 
is precipitated by water in its original state. — It is partially dissolved by potash. — ' 
Ferrous salts decompose it, with evolution of nitric oxide and production of soluble 
starch : 

2C°H # (N<P)O a + 0FeCP + H 5 0 « Fo 2 O a + 2Fe 2 Cl« + 2NO + 2C e H>*0 5 . 

Xyloidin. Starch. 

The starch may be precipitated from the resulting solution by alcohol, and thus 
obtained in a state of purity. 

Soluble Xyloidin, Isoxyloidin , or Isonitramidin. — This modification of xyloidin is 
obtained by treating starch with excess of strong nitric acid (10 to 12 pts.), precipi- 
tating the yellow gummy solution with water, dissolving the dried precipitate in ether- 
alcohol, and evaporating the filtrate. The product thus obtained resembles xyloidin 
in composition, and in many of its properties, but is distinguished therefrom by being 
perfectly soluble in pure alcohol, wood-spirit, acetone, ether, a mixture of other and 
alcohol, und in ethylic acetate ; in alcohol of 95 per cent, it is insoluble. (B&champ, 
Ann. Ch. Phys. [3], Ixiv. 320.) 

Hitroxyl'/idin, or Dinitramidin, C < H 8 (NO*) , O t , is produced, also in a mor< 
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soluble and less soluble modification, by the action of strong sulphuric acid on xyloidin 
or isoxylo'idin. To prepare it, 1 pt. of dry starch is dissolved in 12 pts. fuming nitric 
acid, and the solution (filtered, if necossary, through pounded glass) is placed in a freez- 
ing mixture, and quickly mixed with 8 pts. oil of vitriol ; the soft white mass thereby 
separated is quickly mixed with a largo quantity of cold water; and the product, which, 
is a white powder resembling xyloidin, is well washed, and dried in a hot-air chamber. 
This product is chiefly a mixture of nitroxyloidin and isonitroxyloidin, which may bo 
separated from one another by digestion with alcohol of 90 per cent., first in the cold, 
then at 40°, whereby the isonitroxyloidin is dissolved, and the nitroxyloidin remains 
behind. 

Nitroxyloidin is a white easily pulverised mass, which decomposes much more readily 
than xyloidin, and is reduced by ferrous salts in the sum© manner ns the latter, yield- 
ing soluble starch. It is insoluble in water and in alcohol, but soluble in puro ether, 
and in alcoholized ether; soluble in glacial acetic acid, but insoluble in a mixture of 
the glacial and dihydratod acid, exhibiting, in this respect, exactly the opposite relation 
to xyloidin. 

Isonitroxyloidin is insoluble in water, soluble in alcohol of 96 per cent., dissolves 
with difficulty in ether, but easily in a mixture of ether and alcohol. It is even moro 
prone to spontaneous decomposition than the loss soluble modification. 


XTLOL. Syn. with Xylkne. 

XYLOUT8, Syn. with mountain-wood, or ligniform asbestos (i. 415). 

XYXiOKBUlaPHtmiC ACID. Syn. with Xyirnk-sulfiiuhic Acid (p. 1058). 

X a rX.QXJBTJX>FHYZ>RATS. Syn. with Xylene-sulphydrJlTK (p. 1059). 

XTLOVBB, CHLORINATED. This term was applied by fl orup-llesanes 
(Ann. Ch. Pharm. lxxxvi. 237), to various chlorinated products, formed by treating the 
creosote of becchwood tar with potassic chlorate aud hydrochloric acid : they are not, 
however, related in any way to xylene. 

RYLOXETZN. C ,0 H ,a O. — A crystalline resin, isomeric or polymeric with cam- 
phor, occurring in fossil pine-trunks. It is insoluble in water, easily soluble in alco- 
hol and ether, and crystallises from the ethereal solution in white masses ; melt# at 
165°; cannot be volatilised without decomposition. It unites with bases, wit bout 
separation of water. Heated with potassium, it givos off hydrogen, and forms a 
potassium-compound, which dissolves in alcohol and crystallises therefrom. 

XYLOBTEXN. See the next article. 

XYLOBTinnil. The berries of the fly honeysuckle ( Lonicera Xyloxtcum) were 
formerly used medicinally as Jiocccc xylostci : thoy aro said to be narcotic. They con- 
tain 86 4 per cent, wator, 2*3 substances soluble in ether, 6'2 soluble in alcohol, and 
2-9 soluble in water. The fresh berries yield I per cent, ash, containing (in 
100 pts.) 22*8 K*0, 9*5 Na 2 0, 23*5 CaO, 8 2 MgO, 0 8 APO 1 and W 48 SO* f 
16*2 PW, 2*9 SiO* 1*3 Cl, and 10*0 CO 2 (Enz, Chcni. Centralbl. 1850, p. 893).— 
According to Hubschmann (Arch. Pharm. lxxxv. 260), the berries contain 
a peculiar, non-volatile, bitter principle, xylo stein, soluble in alcohol and other, 
insoluble in water. According to Enz, this body is a glucoside, yielding sugar when 
decomposed by acids. 

Xllom. Syn. with Mountain-wood (i. 416). 

SKYXiYXto C*H*. — A monatomic radicle, homologous with phenyl and tolyl, which 
may be supposed to exist in xylene (C“H 9 ,H) and its derivatives. 

ZYLYLAMINE. This name belongs to a base, C*H # .H 2 .N ■■ C4I 4 J CH 2 (NH 2 ) 
(not yet obtained), related to benzylamine, C r H r .H s .N (p. 807), in the same manner 
as xjlidine, to toluidine, C*H*(NH»).CH' (p. 862). 


XYLY1ATZ8. See Xylylic Acid (p. 1062). 

SYLYLSVI. C*H 8 . — A diatomic radicle related to xylyl, C*IP, in the same 
manner as ethylene to ethyl. 

1YDYX1NE-DI ik MTWly C*H ,5 N* N 2 , or IHamido-xykne, C*H"( NII*)* f 

is formed by reducing dinitroxylene with tin and hydrochloric acid ; its hydrocldonde, 
treated with bromine, yields the hydrochlorate of bromoxylylone-diamme, trlllJr. 
(NH*)*. 

Nitroxylylene-diamine, or Nitro-diamidoxylene, C^l f (N0 2 )(NH f )*, is 
the compound already d e scribed as flitropetrol-diamine, which Busscnins and 
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Eiaenstuek obtained by reducing the so-called trinitropetrol with sulphide o { ammo, 
nium (ir. 382). 

SnTUO ACID. CFH^O* « C*H l (CH*) 2 .C0 2 H. (KekuU, Bull. Soc. Chin,. 
1868, ii. 47. — Hirzel and Beil stein, ibid, 1867, i. 345.) — This acid, homologous 
with benzoic and toluic acids, is produced: — 1. By the action of sodium and carbonic 
anhydride on bromoxylene (Kekul6) : 

C^H'Br + Na* + 00* - NaBr + C 8 H , .C0*Na. 

Bromo- Xjrlylate of 

xylene. •odium. 

The process is conducted as for the preparation of toluic acid from toluene (p. 862), 
the bromoxylene being diffused through a hydrocarbon boiling at about 120°.— -2. By 
oxidising cumene (OH 154 ) with potassic bichromate and sulphuric acid, or (better) with 
dilute nitric acid. (Beilstein and Kogler, Ann. Ch. Pharm. cxxxvii, 317 ; Jahresb. 
1865, p. 559.) 

Cumene oxidised with dilute nitric acid yields first xylylic acid, and afterwards 
tnsolinic acid, [C*H*0 4 = 0*H 3 (CH*)(C0 2 H) 2 ]. To prepare xylylic acid, cumene is 
treated with nitric acid diluted with twice its volume of water; and the acid product 
is treated with tin and hydrochloric acid, to decompose the nitre-acids formed at the 
same time. On distilling the product with water, xylylic acid passes over, while 
insolinic acid remains behind. If the cumene employed is not pure, an oily product 
distils over at the same time; in that case tho receiver must be changed as soon as 
crystalline xylylic acid begins to pass over. (Hirzel and Beilstoi n.) 

Xylylic acia is insoluble in cold water (Kekule) ; very slightly soluble (Hirzel 
and Beilstein). It dissolves sparingly in boiling water, and separates on cooling in 
white needles ; dissolves very easily in alcohol and ether (Kekul d). According to 
Hirzel and Beilstein, it melts in boiling water ; in tho dry Btate it melts at 103°, and 
boils at 273°. It sublimes easily in needles (Kekule). Xylylic acid is quickly 
oxidised by chromic acid, and converted into insolinic acid, CHFO*. (Hirzel and 
Beilstein.) 

Xylylate of Barium, ( C s H 0 O 2 ) 2 B;\".4 H 2 0 , crystallises in shining colourless laminae. 
— The calcium-salt, (C*K 8 0*) z Ca'\3H-0, forms stellate groups of shining needles.— 
The etkylic ether > CHI^C'-H^O 2 , is an aromatic oil, boiling at 233°. (Hirzel and 
Beilste i n.) 

Alpha xylylic Acid, C'fi 1 ®^ = C € H* j C0 2 II‘ Zeitschr. f. 

Chem. 1866, p. 488; Jahresb. 1866, p. 605.) — This acid, homologous with alphatoluio 
acid (p. 863), is formed by boiling toluylic chloride, C 8 H a Cl (p. 870), in alcoholic 
solution with cyanide of potassium, and then with potash : 

^IcH’Cl + CKK + 2U ’° - KC1 + NH- + C*1I* j ch'.CO’H .* 

Toluylic chloride. Alphaxvlyllc 

It may be precipitated from the resulting solution by an acid, and, when purified by 
boiling with milk of lime, crystallises in broad needles, having a satiny lustre, melting 
at 42°, and dissolving very readily in water. 

XTLTLZC ACBTATB, GHLORZDB, 4e. Syn. with Toimic Acktath, 
Chloride, &c. (pp. 870, 871). 

XT&TIZC ALCOHOLS. C 8 H ,0 O, — This formula may include several isomeric 
compounds, but only three have hitherto been investigated with any approach to accu- 
racy:— 

1. The compound described (p. 869) as toluylic alcohol, CHI*. OH or C*H*(CH a )*. 
OH, which would be better culled xylylic alcohol, inasmuch as it is obtained 
directly from the chloride, C 8 H*.C1 (chloride of xylyl), produced by the action of 
chlorine on xylono at high temperatures. This alcohol is the homologue of benzylic 
or tolylic alcohol, C'^.HO (i. 678). 

2. The compound called phlorol, phloretol, or phlorylic alcohol, which 
Hlasiwetz obtained by distilling barium -phloretato with lime (iv. 493). This com- 
pound is a true homologue of phenol, probably ethyl-phenol, G®H 4 (C*H 8 ).OH. 

3. The “xylylic phenol,” mentioned by H. Muller (Zeitschr. f. Chem. 1865, p. 
271) as occurring in coal-tar. This is probably dimethyl-phenol, C*H*(CH f )*.01i, 
inasmuch as products obtained by dry distillation have hitherto been found to contain 
only methyl-derivatives of benzene. The portion of aloisol (the product obtained by 
distilling aloes with lime, i. 148), which is soluble in potash, has also, according to 

• This la the formula of Inaollnfc weld originally given by Hofmann (p. According to 

Hlrtrl ami Bi-Hateln, tnsolinic acid ia very much like terephthalic add, but dtasolves very easily la 
bpjjirqr water, It does not yield any higher oxidation-product* whan treated with chromic acid. 
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Rembold (Ann. Ch. Fharm. cszxyiii. 186), the composition of a xylylic alcohol, and 
is, perhaps, identical with the last mentioned. 

XTLTLZO MBXOA9TAV. Syn. with Xtlbkb-SULPHTDR^tb (p. 1069). 
XTL7L8ULF HiLMIO ACXD, CH^NSO* is produced by heating sulphate of 
xylidine with sulphuric acid, and crystallises in needles very slightly soluble in cold 
water. — Its barium-salt, ( C s H l0 NSO a ) 2 Ba'' ? is very soluble, and crystallises in nodular 
groups. (Deumelandt, Bull. Soc. Chim. 1866, ii. 211.) 

XTLTLSUXPBtrROXTS ACXD* Syn. with Xylene-sulphuric Acid (p. 1068)* 
XYLYL8VLPBT9RATS. Syn. with Xylenr-sulfhtdbatb (p. 1069). 


YABX007A. An ore occurring, with atacamite and quartz, in the district of Ta- 
rapaca in Peru. (Leonh. Jahrb. p. 243.) 

YAM. Sea Dioscorea (ii. 335). 

YAlTOLXTS, or YAWTHOLXTI. Syn. with Axinith (i. 477). 

YBAST. See Fermentation (ii. 629). 

TBXiXiOW COPPBX-OU Syn. with Copter Pyrites (ii. 77). 

TBLLOW COPPERAS. Syn. with Botbyookn (i. 651). 

YSXAOW DYES. See Dyeing (ii. 356). 

TBLEOW LEAD-ORE. Native molybdate of load, or wulfenito. (See Molyb- 
denum, iii. 1039.) 

TBLLOW METAL. An alloy of 60 pts. copper and 40 pts. zinc ; also called 
Muntz's metal. (See Copper, Alloys of, ii. 49.) 

YELLOW OCHRE. See the next article. 

YELLOW PXOMERTS. The yellow pigments mostly employed as artists* colours 
are sulphide of cadmium (i. 706), gamings (ii. 770), Indian yellow, which consists 
mainly of euxanthate of magnesium (ii. 609), and yellow ochre , which consists ot clay 
or marl coloured with ferric oxide. — Chrome-yellow , or neutral chromate of load, is used, 
chiefly for carriage-painting; also for colouring wall-papers, and as an ingredient in 
yellow Tarnishes ; it is never used alone, but always mixed with chromate of calcium 
or barium, or sulphate of load. A mixture of chromate of lead with the sulphates of 
lead and calcium constitutes Cologne yellow. Other yellow lead-salts are also used as 
pigments, chiefly for house-decoration and paper-staining— viz., certain oxyohlondes of 
lead (iii. 556), known as Turner's yellow , Cosset yellow , &c. ; a basic sulphate, Phis ) . 
PbO, kno wn in France as Jaune paille mineral, and prepared by fusing a, mixture of 
neutral sulphate and oxide of lead ; Naples yellow, a basic antimoniato of lead (i. 326), 
used as an artists 1 colour, in oil-painting; and less frequently, vxlide of lead , winch has 
a fine colour, but is somewhat fugitive ; and arsenate oj lead , which is objectionable on 
account of its poisonous character. All these lead-yellows cover well, but have the 
inconvenience of turning brown or black on exposure to sulphuretted hydrogen.— 
Chromate of sine, prepared by precipitation, has a fine colour, much like that of chro- 
mate of lead, and is not affected by sulphuretted hydrogen.— The chromates of bartum 
and calcium are used for colouring paper-hangings, also for mixing with chromate or 
lead. (Defort, Chimie des Coulcurs, 1855.) 

The pods of Gardenia grandiflora, which yield crocm (ii. 108). 
Syn. with Sylvanite (p. 647). 

YBRTft Syn. with Lebvritb (iii. 689). 

Syn. with Paraguay Tba (iv. 349). 

Syn. with Coca (i. 1069). 

, Syn. with Gadolinitr (ii. 767). 

Oxide of yttrium (p. 1064). 

Syn. with Gadolinitb. 

Symbol, Y; Atomic weight, 6V7 (Bahrand Bod. on) ; 71*4 (Do- 
lafontaine).a-An element belonging to the claw of earth-metala, 
in n few vary mo minerals. Oadolin, in 1794, obtained from the yttefbiie ot gpdo* 
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linite of Ytterby in Swedoo, a peculiar oxide resembling lime and alumina. Ekebeig, 
in 1797» confirmed these results, and named the earth yttria. In a subsequent exa- 
mination of this earth, which in the meantime had been investigated also by Klap- 
roth and Yauquelin, Ekeberg found that his y ttria contained glucina. Berzelius, in 
1819, found that it also contained oxide Of cerium (associated, according to subsequent 
investigations, with the oxides of lanthanum and didymium). Scheerer, in 1842, pointed 
out that yttria, even when freed from the oxides of the cerium-metals, probably still 
contained another oxido ; and Mosander, in 1843, by a careful examination of crude 
yttria, concluded that it was a mixture of three earths — which he named yttria, ter- 
bia, and eTbia — separable by their different degrees of basicity. Subsequent expe- 
riments by different chemists have, however, thrown considerable doubt on the sepa- 
rate existence of the second of these earths ; and the recent very careful experiments 
ofBahr and Bunsen, already referred to under Ternium (p. 721), seem to have shown 
t conclusively that crude yttria, when completely freed from the oxides of cerium, lan- 
thanum, and didymium, may be separated into two earths, yttria and erbia, without 
any trace of a third, the so-called terbia. The method of effecting this separation, and 
obtaining pure salts of erbium and yttrium, has been already described (p. 721). 

Metallic yttrium is obtained by igniting chloride of yttrium with potassium. It is 
described by Berzelius as a black isli-grcy powder, consisting of small metallically lus- 
trous scales, bocoming brittle, and acquiring the colour and lu8tr© of iron under the bur- 
nisher. The .metal thus characterised was, however, a mixture of yttrium and erbium; 
pure yttrium has not yet been prepared. 

Yttrium is a diatomic metal, and forms but one serios of compounds, YCF, YO, &c. 
It unites directly at high temperatures with chlorine, oxygen, and sulphur, and probably 
with other metalloids. ■ 

Bromide of Yttrium, is obtained, by evaporating a solution of yttria inhydrobro- 
mic acid, as a very deliquescent saline mass. 

Chloride of Yttrium is a non-volatile compound, obtained by heating yttrium in. 
chlorine-gas. 

The hydrated chloride , obtained by leaving a solution of yttrium in hydrochloric acid 
to evaporate, is a saline mass which slowly deliquesces. 

Fluoride of Yttrium occurs, together with the fluorides of cerium and calcium, 
in varying proportions, as yttrocorite, a mineral found at Finnbo and Broddbo in 
Sweden ; at Amity, New York, niul in Massachusetts, forming violct-blne, crystallo- 
granular, and earthy masses, imbedded in quartz ; in smaller quantity also asfluocerito 
(ii. 609). By mining a solution of yttrium-chloride with potassium-fluoride, hydrated 
yttriimi-fUiorido is obtained as a white amorphous precipitate, having an astringent 
taste ; it reddens litmus, is insoluble in water and in aqueous hydrofluoric acid ; when 
heated in a dose vessel, it leaves the anhydrous fluorido. .... 

Borojluoride of Yttrium, obtained by doublo decomposition, is insoluble in water, 
but soluble in acids, evon in excess of fluoborie acid, and crystallises on evaporating 
the solution. — The silicofluoride exhibits similar properties. 

Iodide of Yttrium is prepared like the bromide, and is likewise very deli- 
quescent. 

Oxide of Yttrium , — Yttria , — obtained by igniting the oxalate, is a soft 
nearly white powder, which, when ignited, glows with a pure white light, and yields a 
Spectrum not containing any bright bands, like that of erbia (p. 722). It does not 
unite directly with water, but is precipitated as a hydrate by alkalis from solutions of 
yttrium-salts. It dissolves slowly but completely in hydrochloric, nitric, and sul- 
phuric acids, forming colourless solutions which do not exhibit an absorption -spectrum. 

Oxygen-salts. — Basic Nitrate of Yttrium , Y'XN0 3 )*.Y''0,3H-0, prepared like 
the corresponding erbium-salt (p. 722), crystallises in colourless deliquescent needles 
- — The oxalate, C’ i Y"0 4 .H , 0 1 is a soft white powder, which docs not give off its water 
till heated nearly to the temperature at which it decomposes. — The sulphate, 3Y"S0 4 . 
8H 2 0, forms colourless well-defined crystals, isomorphous with the corresponding 
erbium- and ilidymium-salts, and exhibiting the same characters as the erbium-salt 
when heated, and when dissolved in water. (B a h t and Bunsen.) 

Selenide of Yttrium is obtained, according to Wohler, by fusing yttria with 
selenium, as a black substance which is insoluble in water, and gives off selenhydric 
acid when treated with dilute acids (Wohler). Selenide of ammonium precipitates 
yttrium -salts. (Berzelius.) 

Sulphide of Yttrium is produced, with ignition, when yttrium is heated in sul- 
phur-vapour; also when yttria is heated in vapour of carbonic disulphide. It is a 
grey pulverulent body, which is not decomposed by water, but gives off sulpbydric 
acid when treated with dilute acids. (W dhle r.) 
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Detection and Estimation qf Yttrium . 


Yttrium-salts are colourless, and resemble those of tliorinum (] 5 . 786), in their 
behaviour before the blowpipe, and in most of their reactions in solution. Yttrium is 
distinguished from thorinum by the solubility of its ignited oxide in hydrochloric 
acid, by the non-volatility of its anhydrous chloride, and by the solubility of yttrio- 
potassic sulphate (precipitated from yttrium-solutions by potassic sulphate). In excess 
of potassic sulphate. The solubility of ignited yttria in hydrochloric add serves* also 
to distinguish yttria from alumina and zirconia ; it is further distinguished from 
alumina and from glucina by its insolubility in potash. The precipitation of yttria by 
alkalis is not prevented by the presence of tartaric acid (distinction from alumina, 
glucina, thorina, and zirconia), the yttrium being slowly but completely precipitated 
as tartrate. Acidulated solutions of yttrium-salts do not alter the colour of turmeric- 
tincture (distinction from zirconium). 

For quantitative estimation, yttrium is precipitated as hydrate by a?nmonta or 
potash, or as oxalate by oxalic acid ; the precipitate in either case leaves anhydrous 
yttria when ignited. If potassium-salts are present in tho solution, the precipitate 
formed by oxalic acid consists of yttrio-potasnic oxal&to, which, when ignited, leaves a 
mixture of yttria and potassic carbonate. This may be dissolved in hydrochloric acid, 
and the yttria precipitated by ammonia. 

Yttrium may bo separated from iron, existing in solution as ferric salt, by pre- 
cipitating the iron as ferric oxide with succinate of ammonium, or (hotter) with car- 
bonate of barium . — From tho cerium-metals, yttrium is separated by immersing in 
the solution an excess of solid sulphate of potassium ; tho yttrio- potassic sulpha to then 
dissolves, while tho double sulphates of potassium and the cerium-metals remain 
undissolved. — From aluminium and glue in urn, yttrium may bo separated by pre- 
cipitation with oxalic acid , or by adding tartaric acid in excess, and precipitating the 
yttrium with ammonia . — To separate yttrium from magnesium, tho solutionis mixed 
with excess of ammonium-salt, and the yttria precipitated by ammonia. 

In all these mod-asof precipitation, yttrium is thrown down, together with erbium. 
The only satisfactory method yet given for separating these metals one from tho other 
is that of fifth r and Bunsen, already described ; and even this is very far from affording 
tho means of determining the relative quantities of the two when mixed togother. 

Tho atomic weight of yttrium is determined by tho analysis of its sulphate. From 
the anhydrous salt, Y"SO\ or YO.SO 8 , Buhr and Bunsen obtained, in two determina- 
tions, 49*30 and 49*24 per cent. YO, 50*69 and 60*70 ^K*r cent. SO*: whence Y ■ 
61*7. Dolafontuino obtained, as a moan of three determinations, 48*23 por cent. OY, 
giving Y ». 74*6. 

YTT ROenmra. A mineral consisting of fluoride of yttrium mixed with the 
fluorides of cerium and calcium (p. 1004). 


YTTftOCOLlTMBZTBi Syn. with Yttuotantaxitk. 

y tt EOIMD MW TBi Uranoniobate of yttrium and iron: syn. with Samabskitj* 
(iv. 54). 

YTTROTAWTAXiITB. Tantalate of yttrium, found at Yttorby in Sweden 

(p. 668). # 

g rrH OTtTAWXTB. Keilkauite . — A silicotitanate containg lime, ytteia, feme 
oxide, and alumina, with small quantities of other bases. It occurs, at Buo, near 
Arendal in Norway, in monoclinic crystals, isomorphous with spheno (p. 39b), m re 
or less translucent, having a brownish-red to dark-brown colour, with yellowish straik , 
waxy lustre on the neutral faces, vitreous on the clcavage-faces. Harness to t, 
specific gravity - 3*6 to 3*7. Before the blowpipe it behaves, for the most part, like 

0,6, by A. Erdmann (Bob. Jahreeb. av. C £°296V 

[Ed. NT Phil. J. [new aeries], i. 62). — rf, e, by Eammel»berg(Pogg. Ann. c.v. IW)- 

§[02, TlO«. FeZO*. AlSO». TO. CcO. C*0. MnO. ffiuL. 


a. 

b. 


30*00 
39 45 
31-33 


(crjrt.) 29 48 
(massive) 28 50 

If the ferric oxide 


29-01 
38-14 
28 84 

36-07 
27 04 


6*35 

0-4S 

7*63 

6*75 

6*90 


6*00 

5*90 

8-u3 


9*02 
9*74 
4 78 


0*32 

0*63 

028 


18-92 0 67 • . • • * 

15-ts f*? Mob : ; Z icon. 

17*15 3*59 - - • * ® Ia ™°* 


5-45 8*16 - 

vi u w 6*24 1TW . . 

j and alumina bo regarded as acid constituent#, , ma ^ r 

berepmented ^'The formula JVO*) + 15 M’ 0 . 2 (SiO’;T.O’), 

to that of sphene. (Itammelsberg.) 
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YU— ZERUMBET-ROOT, 


TV. The name of a mineral highly prized in China, and, according to Abel- 
Bemusat (Berz. Jahresb. v. 223), identical with jade nephretique (? nephrite). It 
has a specific gravity of 2*9 to 3*4, scratches glass, and is scratched by quartz. 


z 

KAO OTZNOA. A specular iron-ore from Porpez, in Brazil. 

IA7TRB. An impure oxide of cobalt, produced by imperfectly roasting cobalt* 
ore mixed with 2 or 3 pts. of siliceous sand. 

IABA. Syn. with Borax. 

lAMBOltrs PZBB. A name sometimes applied to the dry pile. (See Elec- 
tricity, ii. 423.) 

ZAMTZTB. A hydrated carbonate of nickel from Spain, probably identical with 
texasite or emerald-nickel (i. 789). 

XAKTEOPZCRnr. Syn with Xanthoficritb (p. 1053). 

ZBAOOVXTB. A calcio-aluminic silicate allied to abrazite (i. 1), bnt crystallising 
in trimetric forms, whereas abrazite is dimetric. It occurs in the lava of Capo di Bove, 
near Home, ip small crystals, which are combinations of the prisms coPoo and oopco , 
with a pyramid, or in irregular and spherical groups. It is transparent to semi trans- 
lucent, with a vitreous lustre, white to bluish-white colour, and white streak. Hard- 
ness = 6*0. Specific gravity = 2*213. Before the blowpipe it becomes opaque, then 
splits, and melts to a transparent or whitish tumefied glass. Hydrochloric acid dissolves 
it, with separation of gelatinous silica. » 

Analyses: a, by v. Kobe 11 (J. pr. Chem. xviii. 206) ; — 6, by Marignac (Ann. Cb. 
Phys. [3], xiv. 41): 



sio* 

Al 2 O s . 

CaO. 

K s O. 

H z O. 


a . 

42*72 

25*77 

7*60 

6*28 

17*66 - 

100-03 

6 . 

43*64 

24*39 

6*92 

10*35 

15*05 » 

100-36 


These analyses do not agree very closely, but the formula of the mineral is probably 
that deduced from the second, viz. (CaO ;K a O)SiO* + (Al*0 3 .2Si0*) + 4aq. 

ZBABXTB. A dark-coloured opal from Mexico, exhibiting a green and red play 
of colours. 

ZBDOAB1W. See the next article. 

ZBSOAXT. Radix zedoaria . — The root of Curcuma sedoaria, a scitaminaceoua 
plant, growing in Bengal, Java, and Madagascar. It has a camphoric odour, and an 
aromatic somewhat bitter taste. Contains, according to Bucholz (Repert. Pharm. 
xx. 376), volatile oil, a bitter soft resin, a bitter extractive matter, gum, starch, & c. 
The oil is turbid, whitish-yellow, and viscid, has a camphoric taste and smell, and 
consists of two oils, one lighter, the other heavier, than water. Tromrasdorff obtained 
from the root a substance which he called zedoarin, but did not further describe. 

ZBIZAIflTB. Syn. with Pleonast or Ferruginous Spinet (p. 400). 

ZBIODBLZTB. This name is applied to a mixture obtained by stirring 24 pts. 
of finely-pounded glass into 20 pts. of sulphur. It is recommended as a cement for 
stone and metal, for the taking of casts instead of gypsum or sulphur; as a material 
for bookbinding letters, stereotype plates, statues, and whetstones ; and even as a sub- 
stitute for lead in the construction of vitriol chambers. It may be tinted at pleasure, 
by addition of colouring-matter. (A. Vogel, Buch. N. Repert. xii. 294.) 

ZBA MAI8. Maize or Indian -corn. On the composition of the grain of this 
plant, see Cereals (i. 225, 227). 

War. A nitrogenous substance obtained from maize-fionr (Gorham, Berz. 
Jahresb. ii. 124. — Stepf, J. pr. Chem. lxxvi. 88; Jahresb. 1859, p. 693). — Maize- 
flour, when washed with water, does not yield a mass resembling the gluten of wheat. 

ZBOLXTV8. A generic name of hydrated double silicates in which the principal 
bases are alumina ana lime, the latter being often more or less displaced by ferrous 
oxide, magnesia, and alkalis. They boil up when heated on charcoal before the blowpipe, 
and are dissolved by acids, leaving gelatinous silica. Many of them form very fine 
crystals. Natrolite is sometimes called feather zeolite ; stilbite, foliated zeolite ; scole- 
cite, needle zeolite ; apophyllite, pyramidal zeolite ; laumontite, efflorescing zeolite . 

ZBOTZV-SALT, Syn. with Nitrate of Sodium (iv. 105). 

ZBRVM8BT-ROOT This name appears to be applied to two different roots— 
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namely, that off Zinrifer C! MMw, a ^iUmmaceoua plant Indigenous in Ooroman 
del and in Java; and that of Zwitfr Zmtmbet, imported fromOdcutta andJaro, 
Both have an aromatic odour and a bitter taste. According to Luca (Berl. Jahrb. 
I ?, 9 ®> "• 214 )» “Tumbet-root (the particular kind is not stated) contains an 
ml having a camphoric odour, a bitter and soapy extractive matter, bitter resin, 

gUltt, Q£C» 


„ Synonyms : Spelter. Sjnauter. Zincvm. Atomic weight, 65 ; Symbol, 

Zn.— The ore of one, called calamine or cadmia,— but not the pure metal— was known 
to the ancient Greeks, and used in the manufacture of brass. Me tallic sine was first 
mentioned by Paracelsus; it was for a long time imported from the East, but since the 
middle of the eighteenth century, it has been prepared in Europe. 

Zinc occurs in considerable abundance as carbonate, forming the ore called cala- 
mine ;as silicate, or siliceous calamine ; as sulphide or blende, and as oxide or red sine- 
ore; in smaller quantities also as aluminate, arsenate, phosphate, and sulphate* 
Quito recently, native metallic sine has been found at Victoria, in Australia. Zinc is 
likewise found in the ash of a species of violet, Viola calaminaria , which grows on the 
dead heaps at the calamine mines in Rhenish Prussia. 

Metallurgy of Zinc. — The ores from which the metallic zinc of commerce is ex- 
tracted are four in number — viz., blende, red oxide, calamine, and siliceous calami no. 
All these are subjected to a preliminary calcination before being smelted. 

In the case of blende, this calcination is necessary for tho purpose of expelling the 
sulphur, and converting the sulphide into a more or less pure oxide of sine. The calif* 
mine, on calcination, loses its carbonic acid, together with some moisture ; and the red 
oxide and siliceous calamine, besides losing water, become more porous and disinte- 
grated, whereby their subsequent reduction is facilitated. 

Calamine was formerly roasted in kilns, but is now generally calcined in reverbera- 
ting furnacos. Zincblende is occasionally submitted to a preliminaiy roasting in 
kilns, so as to utilise tho sulphurous acid which is evolved ; but in all cases it requires 
to be ground, and the calcination completed in reverberatory calciners, similar to those 
used in copper-smelting. 

Reduction. — The roasted ore is mixed with half its weight of powdered charcoal, 
coke, or anthracite, and introduced into crucibles or retorts of peculiar construction. In 
Silesia, whence the greater part of the zinc used in the arts is obtained, the mixture of 
zinc oxide and charcoal or coke is heated in muffles 3 feet long and lj foot high, six 
of which (three side by side) are laid in one furnace. The evolved mixture of carbonio 
oxide gas and zinc-vapour passes from tho upper and fore part of the muffles, through 
a knee-shaped channel, horizontal in the nearer and directed downwards in the farther 
part, and the zinc condenses therein, and drops down from its lower aperture. Part 
of the zinc-vapour, and likewise some cadmium-vapour, escapes uncondensod, together 
with the carbonic oxide gas, and bums in the air, producing the substance, called Si- 
lesion Zinc-flowers. In Lifege, the reduction is performed in earthernware tubes, laid 
side by side. The zinc, as it condenses in tho fore part of these tubes, is scraped out 
from time to time in the liquid state. In England, a number of cast-iron pots are 
arranged in & circle in one common furnace. Through the bottom of each of theso 
pots there passes a tube, open at both ends. The vessels arc filled with the mixture to 
such a height as not to stop up the upper end of the tube, then closed with a well- 
fitting cover, and heated. The zinc drops down from the part of the tube which des- 
cends from the bottom of the crucible. This process is called DcstiUatio per desoensum. 
— At Goslar, in the Harz, zinc is obtained as a secondary product in the smelting 
of lead-ores. The zinc- vapours condense in the upper half of the furnace, and run 
down from the shaft upon a slanting stone callod the zinc- stool. The zinc thus obtained 
is melted in iron pots, and poured out on tables.* 

Purification . — Commercial zinc contains small quantities of lead and iron, together 
with minute quantities of tin and cadmium, and occasionally traces of arsenic ahd 
copper. Carbon is also mentioned amongst its impurities ; but Eliot and Storer did 
not find it in either of the thirteen specimens which they examined, though traces of 
sulphur were always present. The best mode of obtaining pure zinc is to pass sulphu- 
retted hydrogen through a strong and somewhat acid solution of zinc-sulphate, filtering 
from any precipitate that may be formed, and, after boiling the solution to expel the 
sulphuretted hydrogen, precipitating tho zinc as carbonate by addition of sodium-car* 
bonate. The carbonate, after being washed, is redissolved in pure sulphuric acid, and 
the zine is reduced by electrolysis ; or the dried carbonate may be converted into oxide 
by ignition, and the oxide distilled in a porcelain retort, with charcoal prepared from 
loaf-sugar. 

• For detail* and figure*, see Ure't Dictionary of Arts , lit 1072, and Miller** Elements of 

Chemistry Zed ed., part ii. p^40. 



^ lnetai, with a shade of blue, capable of fieino- 
tting a bright metallic lustre. It is usually’ brigand 


hibits a crystalline structure. ^ic.lFptiiu * iT be^iammpiS nd + lts {™ cture ex- 

at the usual temperature ; and commercial zinc, which is impure and^rittle^f 1611 !^ 
temperetiire, acquires the same malleability between 300° an!Ti50° ■ it a ^ 
laminated; and the > metal i is now consumed, in the form of sheet-zinc, for a vari e ?v^ 
useful purposes. At 210° it again becomes brittle, and may be reduced ■ f 

a mortar ofthat temperature. The density of cast zinc is 6862, but it may be^taVw 
by forging to 7*21. It melts at 412° (Dan i ell), and boils at 1040° (Deri lie and 

^ T V* at l' At r? T0 A Z1 ? c ri ! es in y& Pour t and takes fire in the air, burning with 
a white flame like that of phosphorus ; the white oxide produced is carried un 
chamcally m the air, although itself a fixed substance, laminated zinc is a valuable 
substance, from its slight disposition to undergo oxidation. When exposed to air, or 
placed in water, its surface becomes covered with a grey film of suboxide, which 
does not increase ; this film is better calculated to resist both the mechanical and che- 
mical effects of other bodies than the metal itself, and preserves it. Ordinary zinc 
dissolves with facility in dilute hydrochloric, sulphuric and other hydrated acids , by 
substitution for hydrogen. Pure zinc dissolves very slowly in the same acids, unless 
it is in contact with platinum, copper, or any other less positive metal, with which it 
can form a galvanic circiut. Ordinary zinc dissolves more quickly tlian the pure metal, 
because the lead contained in it is precipitated in the metallic state, and acts as an 
electronegative element to the zinc (see Electricity, ii. 420). In consequence of this 
electrolytic action, zinc, in contact with iron or copper in a saline solution, protects the 
other metal from oxidation. — Galvanised iron consists of iron having its surface coated 
with zinc, which, in like manner, protects it from oxidation in air and water. Zinc pre- 
cipitates silver, copper, mercury, and most of the basylous metals, less oxidable than 
itself, from their acid solutions. 

Zinc dissolves also in aqueous alkalis, with evolution of hydrogen, forming azincate 
of the alkali-metal : e. g., Zn 4 - 2KHO — K 2 Zn"0 2 + IF. In this case, also, the 
solution of the zinc is accelerated by contact with less oxidable metals, as platinum, 
iron, &c. 

Zinc reduces many metallic oxides (chromic oxide, for example) wtten melted with 
them. Nearly all chlorides aad Jluorides are roduced when heated with zinc-vapour in 
an atmosphere of hydrogen (Poumarhde, J. pr. Chom. Ixxiii. 496).,. At a very high 
tomperature, zinc reduces carbonic anhydride , forming oxide of zinc ; at a somewhat 
lower temperature, on the contrary, charcoal reduces oxide of zinc (p. 1067). 

Zinc is a diatomic metal, and forms, for the most part, but one class of compounds : 
ZnCl 2 , ZnO, Zn(N0 8 )*, ZnSO\ &c. A lower and a higher oxide are known, but 
they are not of very definite character. 


znre, AXLOT8 OX*. Zinc unites with nearly all other metals, forming alloys 
which are mostly hard, and in some cases brittle. They may be prepared, by directly 
fusing the two metals together; if,, however, the heat be al|pwed4*> rise too high, tho 
zinc will be volatilised. Most of the zin<£alloys have been^lready described in con- 
nection with other metals. 

Zinc does not form an alloy with bismuth ; on mixing the two metals in tho melted, 
state, the mass separates into two layors — one consisting of zinc containing 2*4 percent, 
bismuth, tho other of bismuth containing from 8*6 to 14-3 per cent. zinc. (Matthi os- 
sen and v. Bose.) 

Tin unites readily with zinc by fusion, forming alloys which are harder than tin, but 
softer than zinc ; they are also less malleable than tin. An alloy of 11 pts. tin to 1 pt. 
zinc beaten out into leaf, forms Bpurious silver-leaf. According to Ruaberg, the alloy 
ZnSn 8 (1 pt.tin to 10} pts. zinc) solidifies completely at 204°; but all the other alloys 
separate on cooling from a state of fusion into two portions, the one consisting of 
ZnSn*, pot solidifying till cooled to 204°, while the remainder, consisting of an alloy 
containing a larger proportion of one or the other metal, solidifies at a higher tem- 
perature: thus — 

Sti'-Zn. Sn®Zn. Sn«Zn. Sn 3 Zn. Sn ? Zn. SnZn. 

Variable point . . 210° . . 230° 250° 280° 320°. 

Fixed point . . 204° 204° 204° 204° 204° 204°. 

Respecting the alloys of zinc, tin, and lead, see Lead (iii. 538). 

Alloys of zinc, tin, and copper constitute many varieties of bronze, tombac, &c. 
Alloys containing smaller proportions of zinc are used, on account of their hardness, 
to form the journals and other parts of machines. (See Copper, Alloys of, ii. 461.) - 

According to Calvert and Johnson, tho alloys ZnCu ,0 Sn And ZnCu"Sn are definite 
chemical compounds, inasmuch as they are scarcely attacked by nitric acid of specific 
gravity 1*1, or by concentrated hydrochloric acid, and not at all by sulphuric acid, 
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t of sperific«gravity 1*0. Both these alloys, on account of their hardnniff, on well 
'' adapted to form parts of machinery. 

Some bronzes contain lead as well as copper, tin, and zinc : thns, British beU-metal 
consists of 6*6 pts. zinc, 10*1 tin, 80*0 copper, and 4*3 lead ; and the biddery-war* of 
India, of 3 pts.- of an alloy of copper, tin, and lead (16 pts. copper to 4 pts, lead and 
2 pts, tin), to 16 pts. zinc. (Williams.) 

An amalgam of zinc and tin is used for coating the rubbers of electrical machines. 

b WWC, BROMIDE OP. ZnBr 2 . — This compound is formed directly by igniting 
zinc in bromine-vapour. A solution of zinc or zinc-oxide in aqueous hydrobromic arid 
solidifies, at a certain degree of concentration, to an indistinctly crystalline, very deli- 
quescent mass of the hydrated bromide mixed with a certain quantity of oxide, which, 
when heated, yields a sublimate of zinc-bromide in white needles of specific gravity 
3*643, and a residue of zinc-oxide. Accordihjg to Kremers (Pogg. Ann. ciii. 67 ; 
civ. 133; eviii. 116), solutions of zinc-bromide of different strengths exhibit, at 19*6°, 
the specific gravities shown in the following table : — 

*£&S?5L l • 20-6 426 70-0 81-4 111-2 150-3 213-0 7,183 

Specific gravity at 19*6° . 1*1715 1*3770 1*5276 1*6101 17082 1*8797 2*1027 2*3914 

A solution of zinc-bromido in ammonia yields, by evaporation, colourless octa- 
hedrons of zinc-ammonium-bromidc, (N *IL*Zn")Br*, which are decomposed by heat and 
by water. (Kammelsberg.) 

By the simultaneous action of zinc and bromine on anhydrous ether, there is formed, 
together with bromide of carbon, an unstable compound of ether and zinc-bromide, 
which fumes in the nir and dissolves in water. (Nickl &», Compt, rend. lii. 870,} 

Zinc-bromide unites with tlio bromides of alkali-metals, forming double salts, exactly 
like the corresponding chlorine-compounds. The ammonium-salt las a specific 
gravity of 2 628. (llo docker.) 


zrarc, CHLORIDE or. ZnCl 2 . Butter of Zinc. Butyrum Zinci.— Very 
thin zinc-foil takes firo at ordinary temperatures in chlorine-gas. Zinc-chloride is 
formed in the wet way by dissolving zinc or zinc-oxide in hydrochloric acid, or by de- 
composing certain metallic chlorides in solution with zinc or a zinc-salt : thus, when a so- 
lution containing equivalent quantities of zinc-sulphate and sodium-chloride is cooled, 
zinco-Bodic sulphate crystallises out at + 10°; but at 0°, puro sodic sulphate separates, 
while zinc-chloride remains in solution. — Anhydrous zinc-chloride may bo prepared bv 
distilling 1 pt. of .zinc-filings with 2 pts. of mercuric chloride, or 1 pt. zinc-oxido with 
2 pts, sal-ammoniac, or by distilling the residue left on evaporating the aqueous solu- 
tion ; also by distilling a mixture of dry zinc-sulphate and calcium-chloride. 

Zinc-chloride is a whitish-grey tTan^lucont substance, soft like wax, and of specific 
gravity 2*753; it has a burning tasto and emetic action; melts easily, and distils or 
sublimes in white needles at a red heat ; deliquesces quickly on exposure to the air, 
and dissolves easily in water and in alcohol. . 

The aqueous solution evaporated to a syrup, with addition of a little hydrochloric 
acid, deposits a hydrated salt, ZuCl a .H , 0, in small deliquescent octahedrons. The 
specific gravities of solutions of various strengths arc, according to Kremers, as follows ; 
Quantity of ZrtCl* in 100 pts. water , 16*7 38*8 56*3 92*4 

Specific gravity at 19*5° « . • 1*331 1’2714 1*3677 1*6336 

A saturated alcoholic solution of zinc-chloride deposits an alcohol a tc% ZnCl 2 . 0*11*0, 
in small crystals. (Graham.) > , 

Anhydrous zinc-chloride is a powerful dehydrating ngont, acting upon organic bodies 
like oil of vitriol ; thus it chars wood, converts alcohol into other, and has been recom- 
mended by Kraft and Mottay (Compt. rend, xlviii. 410), instead of sulphuric acid, 
for the preparation of fatty acids from glycerides. Even the concentrated aqueous 
solution destroys vegetable fibre, and cannot therefore bo filtered through paper ; 
according to Persoz, it dissolves silk. - 

A dilute aqueous solution of zinc-chlorido is much used, under the name of Burnett & 
Disinfecting Fluid, as an antiseptic, and for preserving wood and vegetable fibre against 
decay. The concentrated solution is used in the laboratory as a bath for heating 
substances to a constant temperature. The dry chloride, -obtained by evaporation, m 


used in surgery as a caustic. . . _ . , 

Zinc-chlorido combines easily with ammonia, with chlorides of alkulv-metal t ana 
with zinc-oxide, forming several oxychlorides. 

a. With Ammonia. — When a hot concentrated solution of zinc-chloride is treated 
with gaseous or aqueous ammonia, till the resulting precipitate redissolves, tbs solu- 
tion, on cooling, deposits the compound 4NH*.ZnCl 2 .H*0, in shining scales or lainin% 
which, when heated to 160°, give off water and ammonia, and leave zinc ammonium* 
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chloride, 2KH , .2nCP « (N 2 H*ZiT)Cl 3 , in the form of a white powder ; this last com- 
pound separates also, in shining rhombic crystals, from a concentrated ammoniacal 
solution of zinc-chloride — sometimes immediately, sometimes from the mother-liquor 
of the diammoniacol compound. Both the preceding compounds, when sufficiently 
heated, give off ammonia, aud leave a clear liquid, which, on cooling, solidifies to an 
imperfectly crystalline mass of the compound ZnCl 2 .NH 3 , which distils undecomposed 
at a red heat, and is resolved by water into zinc ammonium-chloride, N l H°ZnCl t , and 
an oxychloride, ZnCl*.6ZnO . 6H 2 0 , (Kane.) 

3 . With Alkaline Chlorides. — Zinc-chloride unites in several proportions with 
ammonium-chloride. — The salt 2NH 4 Cl.ZnCl 2 is produced by dissolving zinc-hydrate, 
at a gentle heat, in aqueous sal-ammoniac, or 1 pt. zinc-oxide and 1 pt. sal-ammoniac 
in Btrong hydrochloric acid ; it crystallises on evaporation in rectangular prisms, or 
in large laminse containing 1 at. water'of crystallisation, soluble in 0‘66 pt. cold, and 
9*28 pts. boiling water. The dry salt is resolved by heat into sal-ammoniac and zinc- 
chlonde. Rammel sberg (Pogg. Ann. xciv. 507) obtained the same double salt, in 
anhydrous rhombic crystals, by evaporating a mixed solution of zinc-chloride and 
ammonium-chloride. — Marignac (Ann. Min. [6], xii. 1), by slowly evaporating a 
solution containing about 2 at. sal-ammoniac to 1 at. zinc-chloride, obtained the salt 
3NH 4 Cl.ZnCl 2 , the mother-liquor of which deposited rhombic laminse of the anhydrous 
salt, 2NH 4 Cl.ZnCl a . — The salt NH’Cl.ZnCP crystallises, from a solution of 1 pt. sal- 
ammoniac and 2 pts. zinc-ehloride, in easily soluble rhombic crystals containing 2 at. 
wator (Hautz, Ann. Ch. Pharm. lxvi. 287). A concentrated solution of the double 
chloride of zinc and ammonium is used to remove the film of oxide from the surface of 
metals, such as zinc, iron, or copper, which are to be united by soldering. 

Zinco-potassic chloride , 2KCl.ZnCl 2 , forms rhombic crystals, of specific gravity 
2*297, isomorphous with the similarly constituted ammonium-salt (Ram m els b erg) ; 
more deliquescent than the latter (Marignac). — Zinco-sodic chloride , 2NaCl.ZnCP. 
3H*0, crystallises in small very deliquescent needles, belonging to the hexagonal 
system. (Marignac.) 

y. With Z inc - oxide. — When aqueous zinc-chloride is evaporated to dryness, part of 
the chlorine escapes as hydrochloric acid, and the residue contains an oxych loride, or 
basic ch loride of zinc, only partly soluble in water. — The compound Zn 4 CPO*.4H*O t 
or ZnCR3Zn0.4H a 0, is obtained by boiling a strong solution of zinc-chloride with 
rinc-oxide, or by precipitating the solution with an insufficient quantity of ammonia, 
and digesting the precipitate with the liquid : it forms small nacreous octahedrons, or 
a soft, white powder, and gives off half its water at 100°. — Zn 7 Cl 2 OMOH a O «* ZnCl*. 
6Zn0.10H*0, is formed by the action of water on the compound 2NH*.ZnCl a , or 
NHVZnCl 2 (vid. sup.), or by precipitating zinc-chloride with a quantity of ammonia 
sufficient to redissotve part of the precipitate. It is a white powder, insoluble in water, 
and giving off half its combined water at 100°. — Zn ,0 Cl !, O*.3H 5 *O «= ZnCl*. 9Zn0.3H*0, 
remains as a white insoluble powder, when a solution of zinc-chloride is evaporated 
to a syrup, and then treated with water. The same oxychloride is precipitated in 
combination with 14H*0, on mixing a solution of zinc-chloride with a quantity of 
potash just sufficient to produce an alkaline reaction. 

Persoz (Compt. rend. Iv. 310) uses a basic solution of zinc-chloride (prepared by 
boiling a solution of the neutral chloride of about 1*70 per cent, specific gravity with 
excess of zinc-oxide), for dissolving Bilk, and separating it from wool and vegetable 
fibres. 

When zinc-oxide is boiled with a strong solution of zinc-chloride in certain propor- 
tions, a plastic mass is obtained, which, after a while, becomes very hard, and may be 
used for taking casts. A cement, prepared by adding 3 pts. zinc-oxide and 1 pt. 
glass-powder to 60 pts. of a solution of zinc-ehloride of specific gravity 1*6 — 1*6, with 
1 pt. of borax dissolved in the smallest possible quantity of water, is much used in 
Paris for stopping teeth, and for making artificial teeth (Feichtinger, Dingl.pol. J. 
cl. 78). An oxychloride of zinc, prepared by a similar process, may also be used as a 
paint for wood, paper, stone, or metal. It dries quickly, and is quite free from odour# 
(Sorel.) 

inro, CTA1TZBB or. See Cyanides (ii. 274). 

rare, POTm OTI Orr AND EBTZMATXON or. 1. Blowpipe Reac- 
tions. — All zinc-compounds, when heated with sodium-carbonate in the inner flame, 
give an incrustation of zinc-oxide, which is yellow while hot, but becomes white on cool- 
ing ; it is not volatile in the outer flame. With borax , or microcosmic salt, they give in 
either flame a bead, which is yellowish while hot, white on cooling, and opaque if mnch 
zinc-salt is present. If the colourless bead or the white incrustation be moistened 
with a dilute solution of cobalt-nitrate, and strongly heated in the outer flame, a fine 
green colour is produced. 
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2* Reaction* in Solution. — Zinc-salts are colourless, and form colourless solu- 
tions. — Sulphydric acid gives, with neutral solutions of zinc-salts, a whits precipitate 
of zinc-sulphide, which does not contain all the zinc ; in solutions containing a sufficient 
quantity of free hydrochloric or sulphuric acid, no precipitate is formed; but from 
acetate of zinc, or any zinc-salt mixed with acetate of sodium, zinc is completely pre- 
cipitated by sulphydric acid, even if a large quantity of free acetic acid is present. 
Sulphide of zinc is insoluble in caustic alkalis. — Sulphide of ammonium precipitates 
zinc-salts completely . — -Cyanide of potassium throws down white cyanide of zinc, soluble 
in excess, and reprecipitated by sulphide of ammonium, — Ferrocynnide of potassium 
forms a white, precipitate, insoluble in hydrochloric acid. — Oxalic acid and phosphate tf 
sodium precipitate white oxalate and phosphate of zine, soluble in acids and alkalis ; 
the phosphate is not precipitated in presence of sal-ammoniac and ammonia. — Fixed 
alkaline carlfonates precipitate a white basic carbonate, insoluble in excess, soluble in 
alkalis ; chloride of ammonium hinders this precipitation in the cold. — Pot ashy am* 
mania , and carbonate of ammonium form white precipitates soluble in excess, repre- 
cipitated on diluting with water and on boiling; soluble also in chloride of ammonium. 
Sulphydric acid precipitates zinc-sulphide from theso solutions. 

Zinc in solution is distinguished from all other metals by the precipitation of its 
white sulphide by sulphide of ammonium, in a solution containing excess of caustic 
alkali. 

3. Estimation and Separation . — Zinc is precipitated from its solutions by car* 
bonate of sodmm t which, wheu added in excess, and ooiled with the solution, throws down 
carbonate of zinc. It is best, however, to pour the zinc-solution into the hot solution 
of the alkaline carbonate, because, in that case, we may be sure of not forming a basic 
salt. If the zinc-solution contains ammoniacal salts, it must be boiled with a quantity 
of carbonate of sodium sufficient to decompose those salts, then evaporated to dryness, 
the residue treated with a large quantity of water to dissolve out the soluble salts, and 
tho i carbonate of zinc collected on a filter, and well washed with hot water. The evapo- 
ration should be conducted as quickly aB possible. The carbonate of zinc, when dried 
and ignited, yields oxide of zinc containing 80' 26 per cent, of tho metal. 

In separating zinc from other metals, it is often necessary to precipitate by sulphide 
of ammonium. If tho solution is acid, it must be previously neutralised by ammonia, 
Tho precipitate must not be thrown on tho filter immediately, but left to settle down 
completely, after which tho clear liquid rtmst first be passed through tho filtor, and 
then the precipitate thrown on it. If this precaution be neglected, the sulphide of 
zinc will stop up the pores of tho filter. Tho precipitate is washed with water con- 
taining a little sulphide of ammonium ; then dissolved in hydrochloric acid ; the solu- 
tion boiled to drive off tho sulphydric acid; and tho zinc precipitated by carbonate of 
sodium as above. 

Zinc is separated from all tho non-metallic elements, and from the metals 
of alkalis and alkaline- earths (barium, strontium, and calcium), by sulphide 
of ammonium. In the case of tho alkaline earths, however, great care must bo taken 
to prevent tho ammoniacal liquid from absorbing carbonic arid from tho air, as that 
would occasion a proc'pitation of the earth-metal in tho form of carbonate. For this 
purpose, the filtration must be effected us quickly as possible, and tho liquid well pro- 
tected from tho air. The separation of zine from barium may also be effected by 
sulphuric acidy and from calcium by oxalate of ammonium. 

From magnesium, zinc may be separated by sulphide of ammonium , a sufficient 
quantity of chloride of ammonium being previously added, to prevent tho precipitation 
of the magnesia ; or the separation may be effected by converting the zinc and magnesium 
into acetates, and precipitating tho zinc as sulphide by sulphydric acid . 

The separation of zinc from a 1 u m i n i u m, gluoinum, and chromium (in the form 
of chromic oxide) may also bo effected by converting tho bases into acetates, and pre- 
cipitating the zinc with sulphydric acidy or by dissolving in potash, and precipitating 
the zinc with sulphydric acid; but the first method is to lie preferred. Chromium, in the 
form of chromic acid, is separated from zinc, os from other metals, by fusion with aa 
alkaline carbonate (i. 145). 

The conversioii into acetates, and precipitation by sulphydric acid, likewise servos 
to separate zinc from zirconium, yttrium, thorinum, and manganese. The 
separation from manganese may also be effected by converting the twu metals into 
chlorides, passing chlorine-gas through the solution to convert the manganese into di- 
oxide, and completing the precipitation of the latter with carbonate of bartum. 

From iron, zinc may be separated by ammonia, or (better) by succinate of ammonium 
(iii. 386). The iron (in the state of ferric oxide) may also be precipitated by car- 
bonate of calcium or barium. , , 

Uranium, as uranic oxide, may be separated from zine by this latter mode at 
precipitation. 
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For*%he methods of separating zinc from cobalt and nickel, see those metals 
(i. 1047 ; iv. 39). 

t , From molybdenum, tungsten, and vanadium, zinc is easily separated by the 
" insolubility of its sulphide in sulphide of ammonium. For the method of separating 
it from titanium, seep. 839. — From thallium, zinc is separated by precipitating 
the thallium with iodide of potassium (p. 749). 

'|(J0?rom arsenic, antimony, copper, and all other metals whose sulphides are in- 
soluble in acids, zinc is separated by precipitating those metalB with sulphydric acid t 
in solutions containing excess of mineral acid. 

4, Atomic Weight of Zinc. — Gay-Lussac (Mem. d’Arceuil, ii. 174), by oxi- 
dising zinc with nitric acid, and by measuring the quantity of hydrogen evolved when 
zinc dissolves in dilute acids, concluded that 100 pts. zinc-oxide, ZnO, contain 19'62 
pts. oxygen : whence Zn = 6 4*«56. — Berzelius (Gill>. Ann. xxxvii.460) obtained, by the 
first method, nearly the same number. — Jacquelain (Ann. Ch. Phys. [3], vii. 189), 
by the decomposition of the nitrate and sulphate of zinc, obtained results correspond- 
ing with the number 66*24; and Fa v re’s experiments (ibid. [3], x. 163) on the 
composition of zinc-oxalate, and on the quantity of hydrogen evolved when zinc dis- 
solves in hydrochloric acid, give the number 66*0 for the atomic weight of zinc. Sub- 
sequently (in 1844), A. Erdmann (Ann. Ch. Pharm. 1. 435) prepared a pure oxide 
of zinc, mixed it with pure charcoal obtained from sugar, and reduced it in a current 
of hydrogen ; he thon oxidised the metal with nitric acid, and converted it into oxide 
by ignition. The atomic weight of zinc, calculated from a mean of four experiments, 
thus conducted, is 65*04. The same number was obtained by Pelouzo from tho analysis 
of zinc-lactate. 

ZINC, PLTTORXDB OX 1 . ZnF a . — Zinc dissolves in aqueous hydrofluoric acid, 
and the solution, when evaporated, deposits the hydrated salt, ZnF*.4H a O, in small, 
shining, rhombic octahedrons, exhibiting the combination P . P , ooP2 (Marignac). 
Zinc-fluoride dissolves slowly but completely in water, more easily on addition of hydro- 
fluoric, hydrochloric, or nitric acid, or of ammonia. When heated in an open vessel, 
it dissolves oxide of zinc. 

Zinc-fluoride forms double salts with the fluoridos of aluminium and potassium. 
—Tho aluminium’ salt, ZnF 2 .Al a F 8 , forms long colourless needles ; tho potassium-salt, 
2KF.ZnF 2 , colourless crystalline grains. 

ZINC, HTDRATS OP. See Zinc, Oxide of (p. 1073). 

ZINC, IOOIOB OX 1 . ZnP. — Finely-divided zinc unites readily with iodine, 
forming an easily fusible compound, which sublimes in needles; specific gravity =* 
4*696. The same compound separates in regular octahedrons or cubo-octahodrons, on 
evaporating a solution obtained by digesting iodine with oxcess of zinc and water, till 
the colour of the iodine disappears. 

Zinc-iodide is very deliquescent, and dissolves easily in water. The specific gravity 
of the solution varies with its strength, in the manner shown in tho following table 
(It rentiers): — 

Quantity of ZnPj 21*5 g 0 . 0 46 . 4 74 . 4 85 . 0 139-0 2 32*0 316*6 

in 100 pts. water y 

Specific gravityat 19*5° 1*1716 1*2340 1*3486 1*5121 1*5780 1*7871 2*1583 2*3276 

Zinc-iodide is decomposed when heated in contact with tho air, iodine being evolved, 
and zinc-oxide produced. . 

The aqueous solution dissolves zinc in contact with the air, and the hot- filtered liquid 
deposits an oxyiodide on cooling (MiiUer, J. pr. Chem. xxvi. 441). The same 
solution, digested with iodine, forms a brown liquid containing 4 at. iodine to 1 at. 
zinc. 

Dry zinc-iodide absorbs 27 per cent, (nearly 6 at.) dry ammonia-gas, forming a 
loose white powder, soluble in acids but decomposed by water. — A solution of zinc- 
iodide in aqueous ammonia deposits, by spontaneous evaporation, shining rectangular 
prisms of the compound 4NH*.ZnP, which is also decomposed by water. 

Zinc-iodide unites with iodides of alkali-metals, forming soluble, deliquescent 
double salts, which may be crystallised by evaporation over oil of vitriol. The salts, 
2NH 4 LZnP, KLZnP, NaLZnP.fjlPO, and BaP.2ZnP, have been obtained. 

ZINC, NITRIDE OF. This compound is formed, according to Grove, in the 
electrolysis of water containing sal-ammoniac, when the positive . pole is formed of 
zinc and the negative pole of platinum. 

ZINC, ORIDB8 OF* Only one oxide of zinc is known with certainty, viz. the 
protoxide. The grey film, which forms on the surface of zinc when exposed to the air, 
is regarded by Berzelius as a suboxide ; but it is probably only a mixture of the profc- 
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oxide with metallic zinc. Th&nard also states that a gelatinous peroxide is produced 
by the action of hydric peroxide on hydrated zinc-oxide ' 

Unp-oxlde, ZnO. — This oxide occurs native, contaminated with manganose^xidel^ ^ 
as zincite or r ed zi nc-ore, and combined with the sesquioxides of manganese and 
iron, as franklinite, both of which minerals are found at Sterling lull, Sussex 
Coirnty, New Jersey— the former in hexagonal, tho latter inmonomotric forms. ..lljfe 
formed by the combustion of zinc in the air, and by ignition of zinc- salts containu?g* 
volatile acids ; frequently also in the smelting of metallic ores containing zinc, and is 
occasionally deposited in furnace-flues in six-sided prisms. Crystallised zinc-oxide is 
also produced by heating zinc-chloride in a current of aqueous vapour. 

The ordinary amorphous oxide is obtained, as a fine tiocculent powder, by burning 
zinc in contact with the air. When zinc is thrown, by small quantities at & time, into 
a capacious earthen crucible previously heated to whiteness, it burns with a bright 
bluish-white flame, and deposits large flakes of the oxido mixed with small particles 
of the metal mechanically carried over: from these the oxide may be freed by loviga- 
tion with water, the heavier metallic particles then subsiding, and leaving the pure 
oxide in suspension. This oxide is much used as a pigment, called zinc -white, and 
is manufactured for this purpose by distilling zinc from clay-retorts into chambers 
through which a current of air is kept up. The volatilised metal burns at the high 
temperature to which it is exposed under these circumstances, and the oxide is depo- 
sited in a series of condensing-chambers. The white pigment thus obtained is per- 
manent, not being blackened, like white lead, by exposure to sulphuretted hydrogen ; it 
is also much less poisonous thaft white lead. An impure oxide, sold under the name 
of t utty, is obtained from tho flues of furnaces in which brass is molted. — For phar- 
maceutical purposes, zinc-oxido is prepared by igniting the precipitated hydrate or 
carbonate. 

Zinc-oxide, when crystallised, forms transparent, yellowish, six-sided prisms of about 
6*0 specific gravity. The ordinary oxide is a white amorphous powder, of about 6*6 
specific gravity. It is insoluble in water. When heated it assumes a lemon-yellow 
colour, but becomes white again on cooling. It is very refractory in the flro, but is 
said to volatilise at the strongest white heat. It is easily reduced by charcoal, less 
easily by hydrogen or carbonic oxido. When heated with sulphur, it forms zinc-sul- 
phide and sulphurous anhydride ; with chlorine, at a red hour, it yields zinc-chloride, 
which distils over, and free oxygen. 

Zinc-oxide is a strong base, dissolving completely in acids, and forming the zinc- 
salts. It also acts as a base towards oxides of tho form M’O* ; thus with alumina 
it forms gahnite, ZnO.APO*. — A solution of zinc-oxide in potash deposits, on 
addition of chromic hydrate, a green compound containing Zn0.Cr*0* (Chancel).— 
Eb el men (Ann. Ch. Phys. [3], xxxiii. 34) obtained such compounds (spinels) crys- 
tallised, by heating the component oxides with boric oxide for a long time m a pottory- 
furnace, till the boric oxide was volatilised. — The compound ZnO.Cr*0* formed small 
blackish-green octahedrons, of specific gravity 5*309 ; ZnO.Fo’O*, microscopic, shining, 
black octahedrons, of specific gravity 6*132 ; Zn 0.Al*O* (gahnite), colourless octahe- 
drons, harder than quartz, and having a specific gravity of 458. 

Hydrated Zinc-oxide, or Zinc-hydrate. — Anhydrous zinc-oxide does not 
unite directly with water. Zinc-salts treated with ammonia yield a white gelatinous 
zinc-hydrate, soluble in excess of potash or ammonia. A crystallised monohydrate, 
ZnO.IFO *»Zn"H ? O a , is obtained by immersing zinc in aqueous ammonia in contact with 
iron(Rpnge; Schindler), or with lead or copper (Nick lfcs). Hydrogen isthen 
evolved, and after some time zinc- hydrate is deposited on tho zinc in rhombic prisms, 
of specific gravity 2*677 (see also Cornu, Bull. Soc. Chim. 1863, p. 64). — A dihydrate, 
Zn0.2H*0 ® Zn"H*0 4 , is deposited from a saturated solution of zinc-oxide in soda- 
ley, left to itself for a long time in a closed vessel. It forms colourless regular octa- 
hedrons, having a strong adamantine lustre, retaining their lustre and transparency 
after washing with water and drying over chloride of calcium, but becoming whito 
when hot water is poured upon them. Zinc-hydrate dissolves readily in dilute acids, 
caustic alkalis, ami carbonate of ammonium. It easily gives off its water when 
heated. 

rare, OZTOKLOEIBl OF. See Zinc, Chlobidh of (p. 1070). 

XZVC t OZTfllTLVBXDB OF. See ZlHC, Sulphides of (p. 1074). 

Z»C, moxisa OF. (See p. 1070.) 

XJOTC, FIOSIISB1I OF. (Hoos, Ann.Ch. Pharm. c. 1 01 .)— The compound 
Zn'P* was obtained by strongly igniting 2 at. zinc-oxide with 1 at. phosphoric anhy- 
dride *and 7 at. charcoal, and collected m the neck of the retort as a brittle sublimate, 
which bad a dark steel-gre y colour, and dissolved in hydrochloric acid, with evolution of 
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non-spontaneously inflammable phosphoretted hydrogen. — Zinc-oxide, ignited ih 
phosphorus-vapour, forms a black crystalline mass, together 'with a red phosphide of 
sine. The black mass boiled with hydrochloric acid, left a grey crystalline powder, 
probably consisting of ZnP 2 . 

KENrC v 81XiEKISS OF* Formed by passing s el enium- vapour over red-hot 
cine. It is a lemon-yellow pulverulent body, from which nitric acid dissolves the 
cine, and at first separates the selenium, but on prolonged action dissolves it as sele- 
nious acid. (Berzelius.) 

ZZirC, 8B1BVZOCTASATB OF. See Skleniocyanates (p. 220). 

XZSTCv BXLZCOFXOOBZ9B OF. See SlLICOFXXJ OlUDES (p. 273). 

ZZVC, BVBOZXSB OF. (See p. 1072.) 

ZXBSTC, BU1PBZD SB OF. Of these compounds, the best known is that which 
corresponds to the oxide. According to SchifF, there is also a pentasulphide, ZnS 5 . 

The protosulphide, ZnS, occurs native as blende, in monometrie forms, vis. 

ooO (fig, 178, Crystallography, ii. 124) ; + ? (Jiff. 189); tho same with the two 

^ O 

tetrahedrons equally developed, forming a regular octahedron (Jiff. 172) ; and g- • ooO 

(Jiff, 203); also twins like fig. 319 (ii. 160), and others; cleavage perfect parallel to 
oo O. The mineral likewise occurs in botryoidal and other imitative shapes, and 
massive, compact. Hardness = 3'5 to 4. Specific gravity = 3*9 to 4*2. Trans- 
parent to translucent. Lustre resinous to adamantine. Colour brown, yellow, black, 
red, green, white, or yellow when pure. Streak white to reddish-brown. Fracture 
conchoidal. Brittle. 

Analyses . — a. Franklin, New Jersey: colourless, transparent (Hen ry).*— A Claus- 
thal: crystallised, black (Kuhl oman n). — c. Kaibl, Carinthia: scaly (Kersten). — 
d. Przibram, Bohemia: radiate (Lowe). — e . Eaton, Now Hampshire (Jackson). — 
f. Shelburne, New Hampshire (Jackson). — g. Christiania: black-brown, radiate 
(Scheeror). — h. Marmato, nearPopayan, South America: warmatite : black (Bous- 
aingault). — i. Bottino, near Serravezza, Tuscany : massive (Bechi) : 
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Blende occurs in both crystalline and sedimentary rocks, and is usually associated 
With galena ; also with heavy spar, copper-pyrites, spathic iron, and frequently ii] 
silver-mines. Derbyshire, Cumberland, and Cornwall afford the black varieties called 
black jack*, also Transylvania, Hungary, and the Harz. Sala in Sweden, Ratio- 
borzitz in Bohemia, and many Saxon localities, afford splendid black and browr 
crystals. 

Zinc-sulphide cannot- be formed by fusing sulphur and zinc together, because th< 
sulphur volatilises before combination can take place ; but it is produced, with detorm 
tion, when zinc-filings are heated with cinnabar or potassium-sulphide. It is likewise 
obtained by heating zinc-oxide with sulphur alone, or with sulphur and charcoal ; bj 
heating zinc-oxide or the hydrated sulphide in a stream of sulphydric acid gas ; and 
finally, by reducing zinc-sulphate with sulphur or charcoal. When prepared bj 
eithor of these methods, it is a white or yellowish powder, of specific gravity 3*92 : i 
melts at a very high temperature, and volatilises only at a white heat. 

Crystallised zinc-sulphide is easily oxidised by fusion with nitre; slowly, but com 
pletely, when heated in contact with the air : acids decompose it slowly, with evolu 
tion of sulphydric acid. The amorphous sulphide , is decomposed by atmospheri 
oxidation, or by acids, more quickly than the crystallised sulphide. 

The hydrated sulphide, ZnS.H 2 0, obtained by precipitation (p. 3071), and dried a 
100°, is a white powder, which, when more strongly heated, gives off its water am 
turns yellowish. It oxidisesquickly on exposure to the air, and dissolves easily ii 
dilute mineral adds, slightly in a large excess of acetic acid. (W r ackenroder.) 

OsysvlphideS. — Zinc-sulphide, when dried in the air, generally, contains a sma] 
quantity of oxide. Oxysulphides of zinc are found in fnm ace-flues. Herat e: 
tSehw. J. Ivii. 186) found one in a furnace at Freiberg, having the eompositio: 
Zn0.4ZnS ; the zinc-oxide was not dissolved out of it by acetic acid. The same com 


* For references, we RamweUberg** Mimeraltikcmt'c, p. 48 . 
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pound occurs, as voltzite or voltzine, in implanted spherical globules with galena# 
blende, &c,, at Bosiires in Puy-de-D6mo, and in the Eli&a mine, near J ^hiTny^ l in 
Bohemia. 

The compound ZnHDS, or ZnO.ZnS, is formed, according to Arfvedson (Pogg. Ann. 
1. 59), when dry zinc-sulphato is heated to redness in a stream of hydrogen. 

Pcntasulphide of Zi?ic y ZnS\ is formed, according to Sell iff (Ann. Ch. Ph&rm. 
cxv. 74), when a neutral zinc-salt is precipitated by pcntasulphide of potassium. The 
precipitate is white, but acquires a straw-yellow colour when pressed, and dried. 
When heated in a close vessel, it is resolved into the protosulphide and free sulphur. 
It dissolves in acids, with evolution of sulphydric acid gas, and separation of sulphur. 

rare, Tiunusa OS'. Zinc and tellurium unite when fused together, with 
great evolution of heat. The product is grey, crystalline, difficult to fuse, insoluble in 
dilute sulphuric or concentrated hydrochloric acid. (Berzelius.) 

znrOACSTAMXl>a, C < H*Zn"N*0* is a white powder formed by the action of 
acetamide on zincethyl. 

UVCAMZDB, N 2 H 4 Zn", is produced by the action of ammonia on zincethyl 
(p. 1070). 

JUWCAMTL, or %XVOAirn.ZDB. See Zinc-radicles, Organic. 

ZZNC-ABB. The impure grey oxide, or Buboxide of zinc, formed when rinc in 
heated in contact with the air. 

ZZlTOAXmtXxa. This name is given by Br eith&upt (Berg- u. Huttenim-Zei fc, 
vi. 101), to a blue mineral occurring in the veins of Baranco Jaroso, in the Sierra 
Almagrera in Spain, and containing, according to Plattner and Bichtor, cupric 
oxide, zinc-oxide, sulphuric acid, ana a little water. 

UlTOBUnrBa. Native sulphide of zinc (p. 1074). 

invc-a&OOM, or UVOOVUl. A native hydrocarbonate of zinc. (See 
Carbonates, i. 798). 

ZINC-BUTTUU Butyrum Zinci . — Syn, with Zinc-chloridb (p. 1069). 

UVO-DlVmiOBTBTLATB. (See p. 1077.) 

znrCETHTL, or UHTOITBllSB. See Zinc-radicles, Organic (p. 1076). 

ZUrC-BTSTLAMTLATB. (See p, 1077.) 

ZIVC-FABLORXI, or copper-blende from near Freiberg, is a tennantite (p. 720), 
having the iron partly replaced by zinc. 

XXSrO-n.OWHXtB. Flores Zinci. — Zinc-oxide produced by combustion of the 
metal (p. 1073). 

USC-OXASCKATITB. | ***' with SlUCBOOB CALAMIN B (*• 713 >' 

ZnrcZTB, or Red Zinc Ore . Native oxide of zinc containing manganose (p. 1074); 

KUrCKfiVlTB. Syn. with Zinkknitb (p. 1079). 

Kmc-MBTBTL, or EDTC-MSTBinzi. See Zinc-radicles, Organic (p. 1078)* 

znrcosrxsz. Syn. with Zinc-bloom. 

Xnr C->H im r LAm »g. A product of the action of zincethyl on aniline. 

UVCPBYUZTB. Syn. with IIopeitk (iii. 106). 

UXC-BABZCUI8, OBOAHXO. Zinc unites with alcohol-radicles (methyl, 
ethyl, and amyl), forming compounds analogous in composition to zinc-chloride, or 
zinc-oxide, ana represented by tne general formula Znli’. . They are saturated com- 
pounds, not capable of uniting directly with oxygen, chlorine, or other elements, and 
are therefore not radicles in the proper sense of the word, like cacodyl, stibtrimettyl, 
stannethyl, &c. They are produced by heating zinc with the iodides of the alcohol - 
radicles in sealed tubes, and by the action of zinc on the mercury -compounds of the 
same radicles. The first method is best adapted for the preparation of zincethyl, the 
second for obtaining the methyl- and amyl-compounds. (See Orgamo-hbtallic Bodies, 
iv. 219). 

S&noamjl, or Zlneamyllde, Zn(C*H n )*. — Prepared by heating zinc with mer- 
curic amylide 

HgtOH 11 )* + Zn* - Zn(C*H")* + ZnHg. 

It is a colourless, transparent, mobile liquid, of specific gravity 1*022 at 0°, boiling at 
220°. Vapour-density, obs. « 6*95 ; calc. (2 vols.) - 6 87. It decomposes gradually 
at 240°, yielding, amylene and amylic hydride. In contact with the air it fumes, but 
does not take fire. When dropped into oxygen-gas, it burns with a daz z lin g white 

3 z 2 
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fUine and Blight explosion. Its reactions with oxygen, chlor ne t and iodine are pro. 
cisely analogous to those of zincethyl (iv. 225). 

Zinoethyl, or Zlncethlde ( Zn(C ? H 3 ) 2 . — This body, .discovered by Frankland in 
1849, is prepared by heating zinc, in a closed vessel, with ethylic ioaide mixed with 
ether (iv. 21 9). For preparation on the small scale, the mixture is enclosed in sealed 
glass tubes, and hoated in an oil* or air-bath ; for larger quantities the apparatus con- 
trived by Frankland, and described in the article Bath (i. 621), is employed. — Febal 
(Ann. Oh. Fharm. cxviii. 22 ; cxxi. 106), dehydrates equal volumes of other and ethylic 
iodide with phosphoric anhydride, and heats the mixture, — in a tubulated retort filled 
with carbonic auhydride at a pressure about one-fourth greater than that of the external 
air, — with granulated zinc previously strongly etched with sulphuric acid, and then 
thoroughly dried. — Rieth and Beil stein (ibid, cxxiii. 245; cxxvi. 248) heat an 
alloy of 4 pts. zinc and 1 pt. sodium with ethylic iodide in a flaBk filled with car- 
bonic anhydride. Chapman adopts a very similar process, using a little zincethyl to 
start the reaction (Laboratory, i. 195). Alexeyeff and Beilstein (Compt. rend, 
lxiii. 171) heat 100 grms. ethylic iodide, in a similar manner, with 7 or 8 grms. 
zinc-sodium, and 70 to 80 grms. zinc-cuttings. — Zincethyl may also be prepared by 
cheating granulated zinc with about half its volume of mercuric ethide in a sealed 
retort in the water-bath for 36 hours (Frankland and Duppa, Chem. Soc. J. xvii. 
8).— -Zincethyl is also produced by the action of zinc and mercury on sodium-ethyl 
(Wanklyn) : 

Zn.+ Hg + 2NaC*H* - Zn(C*H»)* + HgNa* 

fe thvl is a transparent; colourless, strongly refractiug, mobile liquid, having an 

IPrather agreeable than otherwise. Specific gravity = 1*189 at 18°. It does not 
solidify at —22°, boils at 118°, and distils without decomposition. Vapour-density, 
obs. = 4*269 ; calc. (2 vols.) •= 4*262. In contact with the air it fumes, and quickly 
takes fire, burning with a bright-green-edged flame, and giving off thick white fumes of 
zinc-oxide. It is also rapidly decomposed by water, with formation of ethylic hydride 
and zinc-hydrate : 

• Zn(C 2 H s ) 2 + 2H 2 0 - 2(C 2 H\H) + ZnlFO 2 . 

The reactions of zincethyl with oxygen, the halogens, nitric oxide, sulphurous 
oxide, phosphorous chloride, oxalic ethor, ammonia, &c. have been alroady described 
under Organ o-met ai/lig Bodies (iv. 225, 226). We here give some reactions dis- 
covered since that article was written : — 

With chloride of acetyl and its homologues, zincethyl forms ketones, or tertiary 
alcohols, according to the manner in which the reaction takes place. When 2 at. 
chloride of acetyl is added by drops to 1 at. zincethyl contained in a flask cooled 
to 0° and filled with carbonic anhydride, a strong action takes place ; and if the product 
be immediately treated with water, a ketone boiling at 80° is obtained, having the 
composition of acetyl-ethyl, C‘IPO = C'-IFO.C-’H*. In this case the reaction 
seems to take place between 2 at. chloride of acetyl and 1 at. zincethyl : 

2C a H*OCl + Zn(C 2 H 4 ) 2 - ZnCl 2 + 2(C*H 3 O.C 2 H*). 

put if the liquid be left to itself for some days, it becomes viscid, and if it be then 
warmed and treated with water, a largo quantity of combustible gas is evolved ; and 
the liquid, acidulated with hydrochloric acid and distilled, yields a tertiary alcohol, 
homologous with pseudobutylic alcohol — viz., methyl-diethyl-carbinol, OH n O. 

[C(CH a )(OTI a ) 2 ] | (See the corresponding reaction with zinc-methyl, p. 1076.) 

Chloride of butyryl , C 4 H 9 0C1, yields with zincethyl, in like manner, either 
butyryl-ethyl, C 4 H 7 O.C 2 H a , or propyl-diethyl-carbinol, C*H , *0 ■». 

[C^OTT^C®) 8 ] | $ (Freund, Ann. Ch. Pharm. cxviii. 1 ; Jahresb. i860, p. 8U. — 

Buttlerow, Bull, Soc. Chim, 1866, i. 17 ; Jahresb. 1865, p. 460). — With chloride of 
hen toy l, zincethyl yields benzoyl- ethyl, CMPO.CPH* (Freund, foe. cit. — Kalle, 
Ann. Ch. Pharm. cxix, 166). — With pkenylsulphurous chloride (p. 664), it forms ethylic 
chloride and phenylsulphurous hydride. (Kalle.) 

2. When zincethyl is heated in sealed tubes with ally tic iodide , a complicated reac- 
tion takes place, resulting in the formation of ethylene, propylene, ethyl, ethylic 
iodide, allyl, C® # , amylone, C® # , amylic hydride, OH 12 , and diamylene, C 1 ®* 
(Wurtz, Ann. Gh. Pharm. cxxiii, 202). — Zincethyl, heated with bromide of amylene 
to 120°, yields a liquid which has an alliaceous odour, floats on water, and boils at 
00°. (Olevinsky, Jahresb. 1861, p. 664.) 

8, Tstrachhride of carbon acts strongly on zincethyl, forming ethylic chloride, ethy* 
hQBj and propylene (Rieth and Beilstein, Ann. Ch. Pharm. exxiv. 242): 

2CCt 4 + 3Zn(C®)* - 2&WC\ + 20® + 20® + 3ZnCl*. 
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./ 4. Chloroform acts less strongly, producing amylene, and probably ethylic hydride, 
together with small quantities of ethylene ana propylene (Beith and Beils tein).— 
With bromqform a strong action takes place, resulting in the formation of propylene 
and ethylic bromide (Alexeyeff and Beilstein, Compt. rend. Xviii. 172): 

CHBr* + Zn(C*H s ) a « C*H« + C 2 H 4 Br + ZnBr*. 

Iodoform likewise acts strongly on zineethyl, apparently combining directly with it. 

5. Chloriodoform, added by drops to zineethyl, forms chloride and iodide of sine, 
together with ethylene, ethyl (tetrylic hydride), and free hydrogen (Borodine, Ann* 
Ch. Pharm. exxvi. 239) : 

2CHCPI + 3Zn(C*H 5 ) 5 = 7C 2 H« + 2H* + 2ZnCl« + Znl*. 

2CHCi 3 I + 3Zn(C 2 H 5 ) 1 - 3C 5 II 4 + 2C 4 H l ° + 2Zn0l> + ZnF* 

6. Dichloride of carbon does not act on zineethyl under the ordinary atmospheric 
pressure. — Trichloride of carbon is reduced to dichloride, with formation of ethylic 
chloride and zinc-chloride. 

7. Zineethyl is not attacked by chloride of triethylsi thine, StyC’IP^Cl*, even at the 
boiling heat ; but with the iodide it appears to form antimonic pentethide, SbfCWjJ, 
which is then decomposed according to the equation : 

Sb(C 8 H # ) f «= Sb^H*) 1 + C*H 4 ♦ 0»H*. ^ 


(Buckton, Chem.Soc. Qu, J. xiii. 125.) , : % , • 

8. Pure zineethyl attacks amylic nitrite with great violence, bursting^qMra^lK 
‘when placed in coutact with it. But if the zineethyl be Considerably dihltw wflHffi 
and added to an excess of amylic nitrite,- nitric oxide is evolved, and a honey-flS0Bi 
is formed, which, on treatment with water, yields amylic alcohol, ethylic alcoh 
ethylic hydride, and probably ethyl-amylic ether, thus : 

4N0(C*H l, )0 + Zn(C ! H*) a * Zn ^||o . ^Jjo + 2SO. 


llont'y-like man. 

Zn(C a H*)(C 4 H 1 1 0) + 2H 5 0 - Zn(H0) ,J + C*H* + C»H’ a 0. 

ZincethyUamrlute. Zinc-hy- Ethyl- Amyl- 

, - * dr ate. hydride. ulcohoL 

The ethylic alcohol is probably formed by the action of water on the ethyl-amyl-ether, 
(C 2 H S )(C , H 11 )0, contained in the honey -like substance. — When amylic nitrite is dropped 
into excess of zineethyl diluted with five or six times its weight of ether no gas is 
evolved ; but, nevertheless, the action appears to he the same as that just described, ex- 
cepting that the nitric oxide produced is immediately absorbed by the excess of zinc- 
ethyl, forming the compound of zinc-dinitroethylate with zineethyl described under 
Dinitboethylic Acid (iv. 61). — When only a small quantity of ether is mixed with 
the zineethyl, triethylamine is formed, as shown by the equation : 

N ioC*H» + 3 T “ vf~~ + 

2 


(Chapman and Smith, Chem. Soe. J. vol. xxi. 1868.) 

9. When amylic nitrate is mixed with undiluted zineethyl in an atmosphere of car- 
bonic anhydride, no change takes place at first ; but if the mixture be exposed for an 
instant to the air, it expires with a vivid flush of light and sharp report, and with 
extreme violence if heated to about 40°. Dilution with ether renders the reaction 
manageable, and if tho mixture be then heated to 110°, complete decomposition takes 
place. (Chapman and Smith.) 

Respecting the action of zineethyl on other compound ethers, see OaoAjro-XBTiXLia 
Bodies (iv. 226), and Oxalio Ethers (iv. 272), > » 

10. With monochlorinatcd ethylic oxide , zineethyl yields a liquid having the com- 
position C f H l, C10, apparently C 4 H*C1(C 5 H 8 )0, or monochloretbylic oxide having 
one atom of the hydrogen replaced by ethyl. (Lie ben and Bauer, Ann. Ch, Pharm* 
cxxiii. 130.) 

11. Zineethyl, gently heated for some hours with aldehyde , forms a compound hav- 
ing nearly the composition of acetal. — On valeral and cmanthol it appears to exert A 
dehydrating action (Bieth and Beilstein).— Bitter-almond oil is strongly attacked 
by zineethyl . — Acetone acts strongly on zineethyl, especially when, heated, forming 
an oil having, in general, the properties and nearly the composition of phorone, 
C*H M 0. 

12. An ethereal solution of zineethyl, added in excess to amylene dieidphochloride 
(i. 209), separates into two layers ; and on adding water, and drying and distilling th# 
oil which floats on the surface, the compound C , *H W 8*C1* passes over between 240® 
and 250°. (Guthrie, Ann, Ch. Pharm. exxi, 108.) 
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. 13. Carbonic disulphide unites with zincethyl, forming the compound 0*H l *S.2nS, 
ASA brown shining mass, which gives off sulphide of amylene, C*H I# S, when heated. 
{Grabowski, Ann. Ch. Pharm. cxxxviii. 165 ; Jahresb. 1666, p. 503.) 

Ueo-ttethy], or Xlnc-mothide, Zn(CH*) 2 . — This compound, also discovered by 
Frankland in 1849, is formed by heating methylic iodide with zinc in sealed tubes to 
150° ; but the method is not advantageous, since a large quantity of methyl-gas is 
formed, and escapes forcibly on opening the tube, carrying fcho zinc-methyl with it. 
The preparation is greatly facilitated by mixing the methylic iodide with two* thirds of 
Its bulk of ether, and heating to 1 00° in the copper apparatus used for the preparation 
of zincethyl (p. 1076). On rectifying the product, a liquid boiling at 61° is obtained, 
consisting of zinc-methyl, mixed or combined with ether in the proportion of 2 at. 
Zn(CH*) 2 to 1 at. <'C-II 6 ) 2 0. — When methylic ether, condensed by pressure, is used in- 
stead of ethylic other to dilute the methylic iodide, a liquid, boiling at 43° to 48°, is 
obtained, consisting nearly of 2 at. Zn(CII a )* to 1 at. (0H*)*O. Neither the ethylic 
nor the methylic ether can be separated from the zinc-methyl (Frankland, Ann. Ch. 
Pharm. cxi. 62). Pure zinc-methyl may, however, be obtained from the mixture of 
zinc-methyl and ethylic ether just mentioned, by enclosing it in a sealed tube with zinc 
and methylic iodide, boating the mixture to 100°, and distilling the product. The dis- 
tillate contains a larger proportion of zinc-methyl than the original liquid, and by 
repeating the process a certain number of times, nearly pure zinc-methyl is obtained 
(Wanklyn, Chem. Soc. Qu. J. xiii. 124). According to Frankland and Duppa, 
however (Chem. Soc. J. xvii. 30), the best mode of preparing pure zinc-methyl is to 
beat finely -granulated zinc with half its volume of mercuric methide in a sealed tube 
to 120° for 24 hours, and distil off the product. 

Zinc-methyl is a colourless liquid, of specific gravity 1-386 at 10*5°, and boiling con- 
stantly at 46° (Frankland and Duppa). Vapour-density, ol> 3 . = 3*291; calc. (2vols.)» 
3*296. The vapour bears a temperature of 200° without decomposition; but at 270° 
it decomposes, with separation of zinc and gaseous hydrocarbons. (Wanklyn.) 

Zinc-inethyl takes fire immediately in contact with the air, and burns with a bright 
greenish-blue flame ; in oxygon-gas it burns with explosion. Small quantities of its 
vapour mixed with combustible gases render them spontaneously inflammable. 

In its chemical reactions, zinc-methyl exhibits for the most part a close analogy to 
zincethyl ; in some cases, however, differences are observed, as with sulphurous anhy- 
dride (iii. 1003; iv. 225). — Water decomposes zinc-methyl, with evolution of marsh- 
gas (methylic hydride), and separation of zinc-hydrate. 

With chloride of had, zinc-mcthyl forms plumbic dimethide, Pb(CH*)\ and zinc- 
chloride, with separation of load. (B uttlerow, Bull. Soc. Chim. 1863, p. 666.) 

An ethereal solution of zinc-methyl added to vnluic of stanneihyl, or stannic iod- 
tthide , Sn H (C a Jl a )*I , } forms iodide of zinc and stannic ethylomethide, Sn^CFIP^CH 1 )*. 

With mercuric chlorcthide, zinc-mcthyl appears to form, in the first instance, mercuric 
ethylomethide, Hg(C 2 H 4 )(CH*), which however is resolved by repeated distillation into 
mercuric ethide and mercuric methide. 


_ Antimonic di-iodotrimet hide, Sb(CH 3 )*I 2 , nets strongly on the ethereal solution of 
zinc-methyl, forming antimonious methide (stibmethyl), Sb(CH*)*, and antimonic pen- 
tamethide, Sb(CH a ) a , which cannot be completely separated one from the other, 
(Buck ton, Chem. Soc. Qu. J. xiii. 115.) 

With chloride of acetyl and its homologurs, zinc-methyl acts like zinc-ethyl, yield- 
ing acetones or tertiary alcohols, according as the product of the reaction is treated 
with water immediately, or after some time only. In the case of chloride of acetyl, 
the product formed in tlio first case is ordinary acetone, or acetyl-methyl, C*H*O.Cfl 1 ; 
hut when the liquid formed by gradually adding 1 at. chloride of acetyl to 2 at. zinc- 
mcthyl, is left to itself for a few hours, it solidifies to large rhombic prisms of the com- 
pound C*H u Zn*OCl « C*H a OCl - 2Zn(CH*) 3 . The reaction, however, appears to 
-take place in the manner represented by the equation CO.CH*.Cl + 2Zn(CH*)* » 

< (CH*Zn)^ | ^ + (CH s Zn)'Cl, inasmuch as the crystals, when treated with water, are 

resolved into marsh-gas, zinc-hydrate, zinc-chloride, and tertiary bntylic alcohol (tri- 
methyl-carbinol) : 

+ CH*ZnCl + 4H*0 - C ^*^*|o + 2CH* + 2ZnH*0» + HCl. 


With chloride of butyryl, in like manner, zinc-methyl yields either bntyjyl-me- 
tliyl, CTFO CIF, or tertiary octylic alcohol (propyl-diethyl-carbinol), CFHW « 

( | o t (Bnttlerow, Zeitschr. Ch. Pharm. 1864, pp. 365, 702; Jahresb. 

4864, n. 496 ; Bull, Soc, Chim. 1866, i. 17 ; Jahresb, 1865, p. 460.) 

With chloride of carbonyl (phoqgene), zinc-methyl forms also a crystalline compound 
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which, when treated with water, yields a distillate, apparently consisting of the com- 
pounds C 4 H 1# 0 and C’lPO. 

Ethylic chlorocarbonate (i. 916) is strongly attacked by Bine-methyl at a gentle heat, 
yielding zinc-chloride, carbonic anhydride, ethylene, and marsh-gas, — With msthylio 
cMorocarbonate , the action is similar, but less energetic ; the substances must be heated 
together in a sealed tube, and even then the decomposition is not complete* (But* 
tlerow, Bull. Soc. Chim. 1863, p. 688.) 

SOrC-SfAB. Syn. with Calaminb (i, 713). 

UWC-sram. Syn. with Gahnitb (ii. 757). 

intCVM. Syn. with Zinc (p. 1067). 

imc-VITOOL. Syn. with. Zinosulfhatb. (See Sulphates, p. 617) 

UlTC-VZTftXTS* Syn. with Siliceous Calaminb (i. 714), 

inrc*waiTB, Zinc-oxide used as a pigment (p. 1073), 

XXXSO>XB3BR. See Ginoeb (ii. 838). 

MNltBNmi. Pb'Sb^.S 1 = Pb'S.Sb’S*. ZincJcenite. Rhombohedral Dyetome- 
glance . — A aulphant imonite of lead, occurring in the antimony-mine at Wolfsberg in 
the Harz, in trimetric crystals, usually in twins, as hexagonal prisms terminated by 
low hexagonal pyramids ; lateral faces longitudinally striated ; sometimes columnar, 
fibrous, or massive. Cleavage not distinct. Hardness » 3 to 3*6. Specific gravity 
=* 5*30 to 5*35. Lustre metallic. Colour and streak steel-grey. Opaque. Frac- 
ture slightly uneven. (H. Rose, Pogg. Ann. via, 99. — Brun K erl, Berg. u. lmttenm. 
Zeit. 1853, No. 2.— Dana, ii. 74.) 

SX9PSXTB* A Imsic uranic sulphate found at Joaehimsthal in Bohemia. 

ZIRCON. ZIRCON ITS. ZrSiO 4 «- ZrO*.SiO*. Jargon. Hyacinth . — A mineral 
occurring in quadratic crystals, tbo predominant faces of which are P, ooP, ooPoo . 
Length of principal axis - 0*6405. Anglo P : P (terminal) - 123° 19'; P : P 
(lateral) «= 84° 20'. Cleavage imperfect parallel to ooP. Occurs also in irregular 
forms and in grains Hardness *=* 7*6. Specific gravity — 4 0 — 4*75. Lustre more 
or less adamantine. Colour red, brown, yellow, grey, or white. Streak uncoloured. 
Transparent to subtranslucent. Fracture conchoidal and brilliant. Before the blow- 
pipe it loses colour, but is infusible alone, also with sodium-carbonate and microcosmio 
salt. With borax it melts with difficulty to a diaphanous glass, which, with more of 
the flux, is opaque. 

Pure zircon contains 33*2 per cent, silica and 66*8 zirconia ; some specimens con- 
tain small quantities of lime and ferric oxide. 

The name hyacinth includes the bright-coloured varieties of zircon, which are some- 
times largo enough to be valuable as gems ; the greyish or brownish kinds are called 
zirconite. A variety from Coylon, which is colourless or has only a smoky tinge, and 
is therefore sold for inferior diamonds, is sometimes called jargon. 

Hyacinth occurs in the sand and alluvial deposits of certain rivers in Ceylon ; at 
Expailly, near La’ Puy, iu France ; at Oh I apian in Transylvania, Pfitsch in the Tyrol, 
JJihn in Bohemia, Lebnitz in Saxony, occasionally in volcanic tufa in Anveigne; also 
in Greenland ; in the zircon -Byenite of Froderichsvurn in Norway ; near Brerig, some- 
times called Erdmannite ; at Miask, in the Urals; in the iron-mines of Aren dal; also 
in Scotland, at Scalpay in Harris, and in the granite of Criffel in Kirkcudbrightshire ; 
On Vesuvius, with ryacolite, in white and blue octahedrons ; at Santa Rosa, in New 
Granada, in small colourless crystals ; and at several localities in North Carolina, 
New York, New Jersey, Pennsylvania, California, and Canada (Dana, it. 196). — 
Breithaupt’s Ostranite, supposed to be from Froderichsvarn, is a greyish-brown 
zircon. 

Zircon is one of the most unalterable of minerals, but is sometimes found in a 
hydrated state, and is probably acted upon by alkaline waters, which take up part of 
the silica: calypolitc (i. 723), malacone (in. 784), cerstedtits (iv. 179), and tachyaphal- 
tiie (▼. 654), appear to be zircons thus altered. 

ZZRCONAT18. See Zirconium, Oxide op (p. 1084). 

ZIRCONIA. Oxide of Zirconium (p. 1083). 

ZIRCONZC ACID. Zirconia in combination with bases (p. 1084). 

1ZRCONXTB. See Zibcon. 

ZIRCONIUM. Symbol, Zr ; Atomic Weight, 89*6.— An element belonging to the 
group of earth-metals, and apparently forming a link between aluminium and silicinm. 
Its oxide, zirconia, was first obtained from zircon, and recognised as a peculiar substance 
by Klaproth, in 1789 ; it has since been found in eudialyte, polymipnite, cerstodlite, 
fergnsonite, and catapleiite. Ascbynite, formerly supposed to contain zirconium, has 
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"been shown, by recent experiments of Hermann (Bull. Soc. Chim. 1866, ii. 886) to 
be free from it. 

Metallic zirconium is capable, like silicium, of existing in three states — amor- 
phous, crystalline, and graphitoidal. — Amorphous zirconium was obtained by Berzelius 
(in 1824), in the same manner as amorphous eilicium and boron — namely, by heating 
a mixture of potassio-zirconic fluoride with potassium, digesting the fused mass with 
water containing a little hydrochloric acid, and washing the metal which remains 
undie solved with sal-ammoniac solution, and then with alcohol. It may also be pre- 
pared by passing chloride of zirconium in vapour over sodium contained in a red-hot 
porcelain tube, or by heating sodio-zirconic chloride in a crucible with sodium or mag- 
nesium (Troost, Compt. rend, lx i. 109 ; Bull. Soc. Chim. 1866, i. 213). Zirconium 
thus obtained is an amorphous powder, compressible under the burnisher into thin, 
faintly lustrous, graphitic laminae. In the unignited state it diffuses itself through 
water in extromely fine particles, which pass through a filter ; hut it settles down slowly 
on standing, more quickly on addition of acids or salts. It does not conduct electricity, 
is not altered by ignition in hydrogen ; but if it be then brought in contact with the 
air, after cooling, the metal becomes heated to redness, in consequence of the heat 
evolved by the absorption of the air. When heated in the air, it takes fire at a heat 
, considerably below redness, and bums with a bright light, forming zirconia. It is 
hut little attacked by the ordinary acids, or by nitromuriatic acid ; but hydrofluoric 
acid dissolves it readily, with evolution of hydrogen, and a mixture of hydrofluoric 
and nitric acids attacks it very energetically. 

Crystalline zirconium is prepared by heating 1 pt. of potassio-zirconic fluoride with 
1£ pt. aluminium in a plumbago crucible, to the melting-point of iron. When the 
crucible has cooled, the surface of the aluminium is found to be covered with foliated crys- 
talline laminae, consisting of nearly pure zirconium, which maybe separated by dissolving 
out the aluminium with hydrochloric acid. Crystalline zirconium thus obtained is 
very hard, and resembles antimony in colour, lustre, and brittleness. It crystallises 
in broad lamime, apparently derived from a monoclinic prism. Specific gravity =» 
4*15. It is loss fusible than silicium, and burns only at the temperature of the oxy- 
hydrogen-blowpipe. It takes fire at a red heat in chlorine-gas, and decomposes 
hydrochloric acid gas at tho same temperature. It is but slowly attacked by sul- 
phuric, nitric, or hydrochloric acid, even when heated ; hot nitromuriatic acid attacks 
it rapidly ; hydrofluoric acid also dissolves it readily, oven in the cold. (Troost.) 

Graphitoidal zirconium appears to be formed only under peculiar circumstances. 
Troost, in attempting to decompose zirconato of sodium with iron, obtained zirconium 
in small very light scales, of a steel-grey colour. 

Zirconium is a tetratomic element, like silicium, its oxide being ZrO 3 , the chloride 
ZrCl 4 , &e. It forms but one class of compounds with chlorous elements. The oxide 
is capable of acting both as a base and as an acid. 

ZniCONIUKf, 8ROMZDS OX*. A solution of zirconium -hydrate in hydro- 
bromic acid leaves, on evaporation, a hydrated bromide in crystalline grains, which 
are resolved by heat into zirconia and hydrobromic acid. (Berzelius.) 

ZIRCONIUM, CHLORIDE OX*. ZrCl 4 . — This compound is formed, with in- 
candescence, when zirconium is heated in chlorine-gas ; also by heating a mixture of 
zircon t>t zirconia with charcoal, in a stream of dry chlorine, in which case it collects in 
the cooler part of the apparatus ns a white sublimate. Its vapour-density, as determined' 
by Peville and Troost (Ann. Ch. Pharm. cv. 213), is 8*15 ; by calculation from the 
formula, ZrCl 4 , for a two-volume condensation, it is 8*0. The chloride dissolves easily, 
and with rise of temperature, in water. 

A hydrated chloride is obtained, by evaporating a solution of zirconic hydrate in 
hydrochloric acid, in colourless silky needles, having an astringent taste, easily soluble 
in water and in alcohol, sparingly soluble in concentrated hydrochloric acid; (Berze- 
lius.) 

These ciystals become opaque at 50°, giving off* part of their water and half their 
hydrochloric acid, and leaving a basic chloride or oxychloride containing ZrCl 4 .ZrO*» 
18H a O,or ZrOCl*. 9H a O. .The same compound is obtained, in stellate groups of white 
silky prisms, on evaporating the aqueous solution of zirconium-chloride. These crystals, 
when heated, become white and turbid, and are converted into the anhydrous dioxy- 
chloride ZrCl 4 .2ZrO*, (Hermann.) 

ZIRCONIUM, DETECTION AND »TXJ*ATXOSr OX*. The reactions 

of zircoui um-snits with alkalis, alkaline carbonates, and ammonium-sulphide are very 
similar to those of thorinuro, yttrium, and the metals of the cerium-group. The precipitate 
formed by caustic alkalis and ammonia contains alkali, and is insoluble in excess of 
the reagent (distinction from aluminium and glucinum), also in sal-ammoniac. The 
precipitate formed by alkaline carbonates and bicarbonaics redissolves in excess of the 
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reagent. — A characteristic reaction Is afforded by a hot concentrated solution of 
potassic sulphate, which, when added to a hot solution of a zirconium-salt, throws 
down the zirconium as basic potassio-zirconic sulphate, insoluble in water, and nearly 
insoluble even in a large quantity of hydrochloric acid. — Zirconium is precipitated 
from its solution by boiling with hyposulphite of sodium , a character by wnich it may 
be distinguished from yttrium aiid'tho cerium-metals. From cerium and from didy- 
mium it is further distinguished by not giving any coloured reactions before the 
blowpipe. The methods of distinguishing it from thorinum have already boon given 

(p. 786). . 

ior the quantitative estimation of zirconium in solutions containing only volatile 
acids, it is sufficient to evaporate to dryness, and ignite the residue, whereby zirconia 
is obtained, containing 73 68 per cent, of the metal. Zirconium may also be precipi- 
tated from such solutions by ammonia as a basic salt, which also leaves pure zirconia 
when ignited. 

From yttrium, the cerium-metals, and iron, zirconium may be separated by 
boiling the solution with hyposulphite of sodium, which precipitates the zirconium 
alone as hyposulphite. This precipitate when ignited leaves pure zirconia. To effect 
complete separation from the cerium-metals by this method, tho solution must be dilute. 
For separating zirconi um from iron (as ferric salt ) by the same method, Chancel (Ann. 
Ch. Phurm. cviii. 237) and Stromoyer {ibid, cxiii. 127) recommend that the dilute 
solution, after being nearly saturated with sodic carbonate, be mixed cold with audio 
hyposulphite till it is completely decolorised; if the liquid bo then boiled as long 
as sulphurous anhydride continues to bo evolved, the zirconium is completely pre- 
cipitated as oxide, while the whole of the iron remains dissolved as ferrous salt. 
The separation of zirconium from those metals may also be effected by treating the 
boiling solution with sulphate of potassium , and adding a drop or two of ammonia, 
whereby the zirconium is precipitated, and the other metals remain dissolved. 
(H. Rose.) 

: Precipitation with hyposulphite of sodium serves also to separate zirconium from 
phosphoric and boric acids. 

From thorinum, zirconium is separated by oxalate of ammonium, which, when 
added in excess, precipitates the thorinum as oxalate, and holds the zirconium in 
solution. 

From titanium, tantalum, and niobium, zirconium maybe separated by preci- 
pitation with sulphate of potassium. 

Atomic Weight of Zirconium. — Berzelius (Pojrg. Ann. iv. 124; viii. 186) 
found that sulphate of zirconium contains 75*083 pts. zirconia to 100 pts. sulphuric 
anhydride (mean of eight experiments). Hence the Atomic weight of zirconium is 44*7, 
67 0, or 89'4, according as zirconia is regarded as ZrO, Zr a O*, or ZrO*. Hermann 
(J. pr. Chem. xxxi. 77), by the analysis of chloride of zirconium, obtained very nearly 
the same numerical results. Now the vapour-density of tho chloride calculated from 
the formula ZrCl\ with Zr 89*4, for a two-volume condensation, agrees very 
nearly with the experimental number obtained by He vil lo and Tr oost (p. 1080) ; and 
Marignac has shown that double-salts of zirconium -fluoride are isomorphous with 
those of silicium-fluoride. Hence zirconium is regarded as a tetratomic element, 
having the atomic weight 89*4. 

UXCOnuK, r&ITOEXBl OX*. ZrF 4 . — Strongly ignited zirconia dissolves 
with difficulty in hydrofluoric acid : the hydrate dissolves abundantly. Anhydrous 
zircon ium-Jl uoride is formed by heating zirconia with twice its weight of ammonium- 
hydrogen-fluoride (ii. 679), till the fluoride of ammonium is completely driven off. It 
dissolves readily in water acidulated with hydrofluoric acid ; and when its solution 
containing excess of hydrofluoric acid is evaporated, hydrated zirconium- fluorul b, 
ZrF\3H s O, separates out in small, shining, triclinic crystals, mostly of the tabular 
form. They give off hydrofluoric acid as well as water when heated, and if the heat 
be continued for some time (even below redness), pure zirconia remains behind. 
Fluoride of zirconium dissolves without decomposition in dilute hydrofluoric acid, but 
when it is dissolved in pure water, a basic fluoride or oxyfluoride separates out. 
(Marignac.) 

Wlnoairaonates. — Zirconium-fluoride unites with many other metallic fluorides, 
forming double salts isomorphous with the- corresponding fluosilicates (silicofluorides, 
p. 271), fluostannates (p. 813), and fluotitanates (p. 840). The ratio of tho fluorine 
.of the zirconium-fluoride to that of the basic metallic fluoride in these salts is ns 
1 : 1 ; 1 : 1 J ; 1: 2 ; and 1 ; 4 ; the sodium-salt alone exhibiting the ratio 6 : 8. 
The general formulas of the fluozirconates are, therefore, 4MFZrF 4 , 3MF.ZrF*, 
2MF.ZrF 4 , and MF-ZfF* 4 , the sodium-salt alone having tho formula 6NaF.2ZrF\ The 
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fluozirconates have been examined chiefly by Marign&c. (Ann. Ch. Phys. [3], lx* 
257; Ann. Ch. Pharm, cxv. 359 ; Jahresb. I860, p. 136, et se<j[.) 

The fluozirconates are mostly soluble in water, and crystallise well. They are pre- 
pared by mixing the component fluorides, or by dissolving a metallic oxide or carbonate 
m a mixture of zirconium-fluoride and hydrofluoric acid. 

The fluozirconates of barium, strontium, and calcium are insoluble in water ; conse- 
quently the solutions of fluozirconates are precipitated by salts of these metals. When 
a solution of zirconium- fluoride containing free hydrofluoric acid is mixed with carbo- 
nate of barium, carbonic anhydride is expelled, and a precipitate is formed, consisting 
of a mixture of insoluble barium-zirconium fluoride with insoluble barium-fluoride ; 
similarly with the carbonates of strontium and calcium. 

Many fluozirconates dissolve without decomposition in water, either hot or cold. 
Many are decomposed when their aqueous solutions are boiled, part of the basic metal- 
lic fluoride being deposited, and a fluozirconate containing SJMF.ZrF 4 remaining in 
solution. Most fluozirconates, when heated in contact with moist air, give off all their 
fluorine as hydrofluoric acid, leaving a mixture of zirconia and the oxide of the other 
metal ; when heated with a sufficient quantity of sulphuric acid, they yield a mixture 
of zirconium-sulphate with the sulphate of the other metal. 

Fluozirconates of Ammonium. — The diammonic salt , 2(NH 4 )F.ZrF 4 , forms 
rhombic crystals, isomorphous with the potassium-salt : they do not lose weight at 
100°. — The triammonic salt, 3(NH 4 )F.ZrF 4 , crystallises from a solution containing a 
largo excess of ammonium-fluoride, in regular cuho-octahedrons. 

Bar item- s alt. -A solution of the potassium-salt, mixed with chloride of barium, 
yields a white precipitate, consisting of 3Ba”F*. 2 Zr!^ . 2H ? 0, or perhaps a mixture of 
this salt with barium-fluoride. 

. Cadmium- salts.— Tha dicadmio salt , 2CdF 2 .ZrF 4 .6H’0, forms monoclinic crystals 
isomorphous with the manganese-salt, and having the angle ooP : ooP = 79° 3 1'; 
+ P : + P = 100 J 30' ; + 2P : + 2P - 75° 24'; oP : ooP == 108° 29'; oP : 
odPoo *=* 119° 43'; the same crystals aro obtained by recry stallisation from water. 
A solution containing excess of zirconium-fluoride deposits the salt CdF 2 .2ZrF 4 .6H 2 0, 
in fan- shaped groups of laminar crystals. 

Copper-salts. — The tricupric salt , 3CuF 2 .2ZrF‘.16H 4 0, forms monoclinic crystals, 
and crystallises unaltered from solution in water; but a solution containing excess of 
zirconium-fluoride deposits, besides the larger crystals of this salt, light-blue crusts of 
zirconium-fluoride contaminated with adhering copper-salt. 

Lead-salt. — When a solution of zirconium-fluoride in hydrofluoric acid is satu- 
rated with carbonate of lead, fluozirconate of lead partly remains undissolved and 
partly dissolves, the solution yielding on evaporation a granulo-crystalline salt, which 
is quickly decomposed by water, especially in presence of hydrofluoric acid, with sepa- 
ration of lead-fluoride. 

Magnesium-fluozirconate, MgF*.ZrF 4 , forms small shining crystals with curved 
faces, isomorphous with the manganese-salt. It is only sparingly soluble in water, 
but crystallises by slow evaporation, often in twins.^ By prolonged heating in contact 
with the air, it is converted into magnesia and fluoride of zirconium. 

Manganese- s alt 8 . — The numomanganous salt , MnF*.ZnF 4 .5H*0, forms mono- 
clinic crystals, isomorphous with the magnesium-salt, but the faces are flat and more 
numerous ; the crystals cleave imperfectly parallel to oP. _ By prolonged heating in 
the air it turns black, and is converted into manganic peroxide and zirconium-fluoride. 
— A solution containing excess of zirconium-fluoride yields rose-coloured monoclinic 
crystals of the dimanganous salt , 2MnF a .ZrF J .6H 2 0, which dissolves in water without 
alteration, and is not decomposed even on heating the solution ; but when hot water 
is poured upon the crystals, fluoride of manganese separates, and the solution yields by 
evaporation crystals of the preceding salt. 

Nickel-salts . — The normal salty NiF a .ZrF 4 .6H*0, forms hexagonal prisms, ter- 
minated by faces of a rhombohedron of 127° 10', and cleaving parallel to tne prismatic 
faces. — The salt 2NiF t .ZrF 4 .12H O, produced in presence of an excess of nickel-fluo- 
ride, forms monoclinic crystals of a fine emerald-green colour, but mostly indistinct : 
they dissolve without decomposition in water, bnt the solution, when boiled for some 
time, becomes turbid from separation of nickel-fluoride. 

Fluozirconate of Nickel and Potassium, NiF*.2KF.2ZlrF 4 .8H 2 0, separates in small 
but regular monodinic crystals, on mixing the solutions of the component fluozirco- 
nates. It is slightly soluble in water, does not lose water at 100°, but at a higher 
temperature gives off water, together with hydrofluoric arid. 

Potassium-salts . — The dipotassic salt, 2KF\ZrF l , may be prepared by igniting 
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zircon with 2 or 3 pts. by weight of acid potassium-fluoride, boiling the resulting mix- 
ture of fluosiiicate and fluozirconate of potassium with water containing a little hydro- 
fluoric acid, and filtering. The potaasium-fluoprcozLate then separates on cooling, in 
anhydrous rhombic crystals terminated by six-sided pyramids. It dissolves in 128 pts. 
of water at 2°, in 71 pts* at 15°, in 69 pts. at 19°, and in 4 pts. at 100°. The crys- 
tals when heated to redness form a doughy mass, which, on exposure to moist air, 
gradually gives off all its fluorine as hydrofluoric acid. From dilute solutions the salt 
is obtained in larger crystals. — The monopotassic salt , KF.ZrF\H s O, separates from a 
solution containing a large excess of zirconium-fluoride, in ill-defined monoclinic crys- 
tals, which give off their water at 100°, and hydrofluoric acid at a higher temperature. 
When recrystallised from water they yield tlio preceding salt. — The tripotasstc salt, 
3KF.ZrF 4 , crystallises from a solution containing an excess of potassium-fluoride, in 
very small but well-defined regular octahedrons, or cubo-octahedrons, which decrepitate 
when heated, but do not contain any water of crystallisation. They dissolve in water, 
and the hot saturated solution deposits the dipotassic salt on cooling. 

Sodium-salt, 6NaF.2ZrF 4 . — This salt is always formed, in whatever proportion 
the component fluozirco nates may bo mixed. It forms small, mostly indistinct, mono- 
clinic crystals, soluble in 268 pts. water at 18°, and in about 60 pts. of boiling water. 
On account of this slight solubility, the salt maybe obtained by precipitating the more 
soluble fluozirconatos with chloride of sodium. The dry crystals do not decompose at 
a red heat. 

Zinc-salt, ZnF*.ZrF 4 .6H*0. — This salt, isomorphous with fluosiiicate and fluo- 
stannate of zinc, crystallises in rather largo, regular, hexagonal prisms, terminated by 
rhombohedrons, and cleavablo parallel to the faces of the hexagonal prism ; they ato 
very soluble in water. A solution containing excess of zinc-fluoride, deposits the salt 
2Z nF J . ZrF *.12 11*0, in monoclinic crystals, isomorphoue with the corresponding nickel- 
milt ; they dissolve completely in cold water, but the solution when boiled deposits 
fluoride of zinc. 

ZXftCOnrnrM, NITRIDE or. Zirconium strongly ignited in a rapid stream 
of ammonia-gas, yields a brown or black body containing nitrogen. Mallet (Sill. Am. 
J. xxviii. 346), by fusing amorphous zirconium with aluminium, in a enteked liine- 
crucible, obtained a dark-grey porous mass, which, when treated with hydrochloric acid, 
yielded microscopic cubes, having a golden lustre, not altered by nitromuriatic acid or 
aqueous alkalis, but giving off ammonia when fused with potassic hydrate. 

IXXCOVXUM, OXIDE OF. Zirconia. ZrO 2 .— This compound, the only known 
oxide of zirconium, is formed when the metal is heated to redness in contact with the 
air, or fused with the hydrates, carbonates, or hydrated borates of the alkali-metals. 
Zirconium is likewise oxidised, though slowly, by boiling with nitromuriatio or con- 
centrated sulphuric acid. 

Zirconia is prepared from zircon. The mineral is heated to redness and quenched 
in water, and the lumps (best those which are colourless, because free from iron) are 
finely pulverised and levigated. The levigated powder is mixed with four times its 
weight of sodium-carbonate, and very strongly heated in a platinum crucible. Hen* 
neberg and Wackenroder add a small quantity of nitre. Berzelius ignites the pul- 
verised zircon with 3 pts. of sodium-carbonate, and lays small pieces of sodium-hydrate 
on the ignited mass from time to time, in such a manner that they may not touch the 
crucible. The pulverised zircon may also be decomposed by fusion with 8 or 4 pts. of 
sodium-hydrate in a silver crucible. 

The disintegrated mass is supersaturated with hydrochloric acid ; the liquid evapo- 
rated nearly to diyness to separate the silica; the residual mass digested with water; 
and the filtered solution treated with excess of ammonia, whereby zirconium is precipi- 
tated, generally mixed with ferric oxide. 

The best method of separating the iron and obtaining pure zirconia, is to redimolve 
the precipitate in hydrochloric add, and boil the solution with hyposulphite of sodium* 
whereby hyposulphite of zirconium is precipitated, while the whole of the iron remains 
in solution as ferrous salt. The washed precipitate is then boiled with hydrochloric 
acid as long as sulphurous acid continues to be evolved, and the solution of zirconium- 
chloride thus obtained is mixed with ammonia, whereby the zirconium is precipitated 
as a hydrate, which, when ignited, leaves anhydrous zirconia (Hermann). If the 
treatment with hyposulphite of sodium be conducted in the manner recommended by 
Chancel and Stromeyer (p. 1081), a precipitate of anhydrous zirconia is at once 
obtained. ' , ... m 

The iron may also be precipitated by mixing the^ solution of zircomutn-cnlonne 
containing iron with tartaric acid, then supersaturating with ammonia, and addug 
sulphide of ammonium. The iron is thereby precipitated as sulphide, and the Altered 
liquid* evaporated and ignited in contact with tne air, leaves pure zirconia* 1*®* 
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other methods of separation, see Handw. d. Chem. ix. 1069 ; Gmelin's Handbook, 
iii. 340.] 

Marignac decomposes zircon by ignition with hydrogen-ammonium-fluoride in the 
.manner already described (p. 1081), heats the fluozireonate of potassium thereby 
obtained with strong sulphuric acid, and washes the strongly ignited residue** ith 
boiling water ; pure zirconia then remains behind. 

Zirconia, according to the mode in which it has been prepared, forms a white, taste- 
less, inodorous powder, or hard lumps of specific gravity 4*35 to 4'9, which scratch 
glass and give sharks with steel. Devi lie and Caron (Ann. Ch. Pharm. cviii. 55), 
.by igniting fluoride of zirconium with borax in a closed crucible lined with charcoal, 
obtained zirconia in dendritic groups of small crystals resembling sal-ammoniac. 
When zirconia is fused with borax in a pottery-furnace, and the residue exhausted 
with hydrochloric acid, the zirconia remains in transparent, colourless, microscopic, 
.quadratic prisms, isomorphous with tinstone and rutile, having a specific gravity of 
5 , 71to5*72, and capable of polarisingflight. (Nordenskjold, Pogg. Ann. cxiv. 612.) 

When zirconia, prepared at the lowest possible temperature, is heated to commencing 
redness, it glows brightly, becomes dense, and is afterwards insoluble in ordinary 
acids, dissolves with difficulty even in hydrofluoric acid, and can be dissolved only by 
.Btrong sulphuric acid, the finely pulverised earth being heatpd with a mixture of 2 pts, 
oil of vitriol and 1 pt. water. By ignition with charcoal in a stream of chlorine, zir- 
conia is converted into chloride of zirconium. 

Hydrate of Zirconia, or Hydrate of Zirconium, is precipitated from zirconium-salts by 
ammonia. When recently precipitated, it is a white bulky jelly, but shrinks in drying 
into a yellowish, translucent, gummy mass, having a conchoidal fracturo. The dry 
hydfate has, according to Berzelius, the composition, Zr u H*0* = ZrO a .H 2 0 ; accord- 
12% to Herman n, the hydrate dried at 17°, is Zr lT H 4 0* = ZrO a .2lFO. (That obtained 
py Bewteliurwas probably dried at a higher temperature.) When ignited, it leaves 
’pure zirconia. It dissolves in 5,000 pts. of water ; the solution reddens turmeric- 
paper. (Brush.) 

Zirconia acts both as a base and as an acid: hence called zirconic acid. The 
hydrate, when precipitated io the cold and washed with cold water, dissolves easily in 
acids : if precipitated from hot solution, or washed with hot water, it dissolves only 
in concentrated acids. The saturated solutions have an astringent sour taste, and 
redden litmus. [For their behaviour with reagents, sec p. 1080.] 

Zlreonate*. — Compounds of zirconia with the stronger bases are obtained by 
precipitating a zirconium-salt with potash or soda; also by igniting zirconia with an 
alkaline hydrate. Zircon ate of potassium thus obtained, dissolves completely in water.' 

Sodium-salts. — a. Hisodic Zirconatc , Na 2 ZrO s = Na*’0.Zr0 2 , is easily obtained, by 
igniting zirconia with carbonate of sodium, as a crystalline mass which is gradually 
decomposed by water, with separation of amorphous zirconia . — &. When zirconia is 
lieatod to whiteness for a considerable time with excess of sodium-carbonate, 2 at. car- 
bonic anhydride are evolved to 1 at. zirconia, and tho salt Na 4 Zr0 4 =* 2Na 2 O.ZrO* 
is produced. The fused mass treated with water, leaves small hexagonal laminee of 
the following salt. — -y. An acid salt , Na 2 0.8Zr0 a .12H 2 0, is obtained as just described, 
or by fusing pulverised zircon with excess of sodic carbonate, and treating the mass 
with water containing hydrochloric acid. It forms hexagonal tables, sometimes aggre- 
gated in groups like those of clinochlore. (Hiortdahl, Ann. Ch. Pharm. cxxxvii. 
'24, 236 ; Jahresb. 1866, p. 185.) 

Calcium-salt . — Zirconatc of calcium is obtained by heating a mixture of silica and 
zirconia (in the proportions to form zircon) with excess of calcium-chloride to bright 
redness for five or six hours, and treating the product with hydrochloric acid* The 
zirconate then separates as a shining crystalline powder, together with fiocculent silica 
and amorphous zirconia. (Hiortdahl.) 

Zirconate of Magnesium is obtained by placing a mixture of silica and zirconia, 
together with excess of magnesium-chloride, in a platinum crucible, the bottom of 
which is covered with sal-ammoniac, heating the mixture quickly to whiteness, and 
continuing the heat for an hour. On treating tho cooled mass with water containing 
hydrochloric acid, a crystalline powder is deposited, consisting of distinct octahedrons 
of peridase and prismatic crystals of magnesium-zirconate. (Hiortdahl.) 

UKCOHXini, OZTCBLOBXB88 of. See ZincoKivtf, Cblobxdb or {p, 1080)* 
w umcoiri U M, BVXFH29B of. Formed by heating zirconium with sulphur 
in a vacuum or in hydrogen-gas, the combination in the latter case being attended with 
slight incandescence. Dark cinnamon-brown powder, acquiring metallic lustre under 
the burnisher ; not altered by water, dilute acids (even nitric acid), or aqueous alka- 
lis y slowly dissolved by nitxomuriatic acid ; easily decomposed by hydrofluoric . acid* 
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with evolution of sulphydric acid. When fused with potash, it yields zirconia and sul- 
phide of potassium, 

Fr£my, by igniting zirconia contained in a charcoal boat in a stream of carbonic 
disulphide vapour, obtained a compound (perhaps an oxysulphide) in steel-grey 
graphitoidal scales, which yielded a yellow powder, were insoluble in water and in 
dilute acids, but were easily decomposed by nitric acid, with separation of sulphur. 

UKCOV-BTEWITB. The zirconiferous syenite of South Norway, 

ZOIODIKT. A name applied by Bon jean to a violet-coloured substance deposited, 
according to his observations, from the water which drips from baregin (i. 500;, taken 
out of sulphurous springs. 

ZOXflXTB. This name is sometimes applied to all lime-epi dotes containing little 
or no iron (ii. 490); sometimes restricted to a mineral closely allied* to epidote in 
composition and crystalline form, but differing somewhat in the cleavage. It occurs, 
according to Brooke and Miller, on the Sau Alp and at Sterzing in the Tyrol, 
at Fusch in Salzburg, at Baireuth and Conradsrouth near Hof in Bavaria, and in the 
Ural (Dana, ii. 211). Klaproth’s analyses of two specimens from the Sau Alp gave : 

StO*. A1*0*. Fe*Q*. CaO. MnO. 

45 29 a 21 • . * - 98 

44 32 2*5 20 trace « 98*5 

ZOmXDnr (from C<*fi 6t, broth ; diminutive £«fu'#iov). — A namo applied by 
Berzelius to the portion of the aqueous extract of meat which is insoluble in alcohol, 
the soluble portion (about | of the whole), being called osmacomc. 

ZOOCHEMZCAL AVA1Y8Z8. Seo Analysis, Organic (i. 2 A D. 

ZO OMBLAWIir. A name ttppliod by Bogdan ow (Compt. renBf SSvi. 780)^lbp 
the black pigment of birds’ feathers, probably identical with the melanin of the choroid 
coating of the ©ye. The substance is slightly soluble in water, more soluble ip potash 
and ammonia. V 

ZOOirxc ACID. Berthollet’s name for the impure acetic acid obtained by the 
dry distillation of animal substance, 

ZOOSTEARIC ACID. Landercr’s name for a fatty acid obtained from the 
bones of fossil mammalia, and crystallising from alcohol in laminae. (Buchn. Report, 
lxi. 90.) 

ZOOTZO ACID, Syn. with Hydrocyanic Acid (ii. 214). 

ZOOTZETII-aAXiT. Nitrate of sodium (iv. 105). 

ZOOXANTKIir. The colouring-matter of the red foathers of Calurus auriceps . 

It may be completely extracted by repeated treatment with hot alcohol ; and, on eva- • 
po rating the solution at 60° — 70°, there remains a dark-red powder, which, when 
thoroughly washed with water, loaves the zooxanthin, easily alterable by light. A 
similar pigment is said to be contained in the light-red fibres of Calinga ootruUa* 
(Bogdanow, Compt. rend. xlv. 688.) 

ZOROITE. Native solenide of lead (clausthalite), containing copper or cobalt. 
(See Bead, Sblenidbs of, iii. 557*) 

ZOSTERA KARIMA. This seaweed, which grows abundantly on nearly all 
seaco&Bts, leaves 23*3 per cent, ash, containing in 100 pts. : 3*9 pta. IPSO 4 , 4*4 ICCI, 
0*86 KI, ?1*2 NaCl, 21-2 CaO, 5-6 CaCO*, 2*1 CaS0 4 ,9*8 Ca*P O" f 1-6 MgO, 26*1 SiO*, 
0*7 AIK) 1 , 1*9 FeK) 1 , with traces of metallic bromide. (Baudrimont, J. Fharm. [3] 
xlii. 388.) 

ZfTMXC, or ZYMIC ACID. Names formerly applied to the acid (Braconnot’s 
nanceic acid), produced in the fermentation of amylaceous substances: since known to 
consist of impure lactic acid. 

ZVRLIRITB, or ZURZITB. Syn. with Mellilith (iii. 869). 

ZWIB8BZITE. Ferro so-manganous phosphato-fluoride, found in crystalline 
masses at Zwiesel, near Bodenmais in Bavaria. (See Phosphates, iv. 671.) 

ZTQADITB. A silicate of aluminium and lithium, occurring in the. Katharina 
Neufang mine, at Andreasberg in the Harz. It forms twin-crystals, having the ap- 
pearance of etilbite, slightly translucent, with reddish to yellowish-white colour, and 
vitreous lustre, inclining to nacreous on the cleavage-faces. Hardness — 6*8, Specific 
gravity ** 2*611 — 2*512. (Breithaupt, Pogg. Ann. lxix. 441.) 

ZTECZC ACID. Syn. with Zumic Acid. 
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ACBTAKXX.IDE. Phenylacetamide , C s H*NO » NH(C # H 5 )(C 2 H , 0), is easily 
produced by cohobating aniline with strong acetic Hcid, or by boiling the two together, 
and Anally distilling till tho product solidifios in the neck of the retort (C. Gr. Wil- 
liams, Chem. Soc, J. xvii. 106). According to Perkin’s observation, crude aniline, 
prepared by Bfohamp’s process with an excess of strong acetic acid, sometimes con- 
tains acetanilide. According to Lauth (Bull Soc. China. 1866, i. 164), acetanilide 
is produced, together with phenol, by boiling equal parts of anilino aud phenyl ic 
acetate in a flask with vertical condensing-tube, or by heating them in a dosed vessel 
to 260°: 

OTPO.CTP.O + NH a (C"IP) - C 8 H\H.O + NH(C 8 H 4 )(C , H i O). 

The phenol and acetanilide are easily separated by distillation, or by treatment with 
an alkali. * 

Acetanilide has a specific gravity of 1*099 at 106°, melts at 101°, and distils at 296° 
under a pressure of 766 mm. Vapour-density, obs. - 4*847 ; calc. -» 4*671. Acetani- 
lide dissolves easily in alcohol, ether, benzene, and volatile oils, and crystallises from 
the latter in large needles. Tho alcoholic solution is not precipitated by water. It 
dissolves easily in warm sulphuric and hydrochloric acids, and is converted, by cold 
nitric acid, into 0-nitraniline. When heated with sodium, it is resolved into aniline 
and a small quantity of basic oil having a high boiling-point. (Williams.) 

AOS, or AIIW . A fat obtained in Mexico by boiling a species of coccus ( Coccus 
Axin) with water. It smells like arnica-flowers, has a dark-brown colour, and buttery 
consistence ; hardens on exposure to the air, and dries up on the skin to an adhosive 
elastic membrane, like collodion : hence it is used by the Mexicans as an external 
application, and frequently as a varnish. It is insoluble in water, dissolves with 
difficulty in cold, more readily in hot alcohol, easily in other, provided it has not been 
hardened and oxidised by exposure to the air. Melts at 31°; gives off acrolein by 
dry distillation. The saponified fat yields a ciystalli sable acid, molting at 42°, and 
having the composition of lauricacid, C ,!f H* < O t ; together with a brown oily acid, called 
axinic acid, which solidifies somewhat above 0°, dries up very easily, and probably 
contains C ,8 IP*0 2 . This acid is converted, by oxidation, partly into hypogaeic acid* 
QMjpoQi (floluble in alcohol and ether, and melting at 36°); partly into aginin, an 
amorphous, light-yellow, brittle substance, insoluble in water, alcohol, and ether, and 
containing 68*3 to 60*3 per cent, carbon, and 6*7 to 7‘6 per cent, hydrogen ; it turns 
brown at 80°, giving off water and colourless gases absorbable by potash. (Hoppe, 
J. pr. Chem. xxx. 102 ; Gm. xvii. 46.) 

AWW. See the previous article* , 


AJLCO&BXn I See Colloidal Acids (p. 1088). 

AXCOBOXJ 

A&OXST. This substance, the purgative principle of aloes, was discovered by 
T. andH. Smith (Chem. Gaz. 1861, p. 107 ; Gm. xvi. 461). 

AMSara. C^H^N 8 . (Rieth and Wohler, Ann. Ch. Pharm. cxx. 247; 
Jahresb. 1861, j}. 632; Gm. xvii. 56l.)~-A base extracted from the bark of Arnriba 
tubrOf a Brazilian tree, by exhaustion with water containing sulphuric acid. It may be 
freed from colouring-matter and other impurities, by treatment with acetate of lead and 
solution in ether, and separates from the ethereal solution partly in anhydrous rhombic 
pyrami ds , p ar tly in, hydrated four-sided prisms with oblique end-faces; the latter 
contain (?*H*N*.8IPO, and give riff their water at 100°. Aribine dissolves in 7, 762 
Pta. of water at 23°, more freely in hot water, easily in alcohol, less easily in ether. 
Its salts are mostly crjstallisable, and contain 2 or 4 atoms of arid to 1 atom of bass. 
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— The Aydrochlorate, C“H 20 N 4 .2HC1 I crystallises in slender needles, soluble in amylie 
alcohol, insoluble in ether; from its dilute aqueous solution, caustic soda, sodium-car- 
bonate, ammonia, and lime-water throw down crystalline aribine. — The chloroplafi - 
n ate, C**H ao N*.2B[CLPtCl 4 , is precipitated in pale-yellow needles. — The neutral sul- 
phate, C* i H 20 N 4 .H*SO 4 t is obtained by decomposing the hydrochlorate with sulphate tf 
silver. — The acid sulphate, C a *H att N i .2H*S0 4 , is formed by treating aribine with excess 
of sulphuric acid. 

Aribine, heated with iodide of ethyl, forms yellow crystals, probably consisting of 
iodide of diethyl-aribine, C 28 H 19 (C 2 H 5 ) 2 N 'I 2 , which, when decomposed with moist 
silver-oxide, yields the corresponding hydrate ad an amorphous eoloiiTod varnish. 


ATOHEXCZTY 1 . See Classification (i. 1008 — 1017). 

AXnr. Syn. with Aon (p. 1087). 

ASZVXO ACID. See Agb (p. 1087). 

smmEOb C IS H**0 = C 18 H n .II.O. — A monatomic alcohol ^produced by 
the action of nascent hydrogen on benzophen^e or ph enyl-benzoyU and de- 

scribed in connection with the latter (iv. 478). 

BBSBBEZVB. C 2u H 17 N0‘. — This formula has been established by Perrins 
(Chem. Soc. Q,u. J. xv. 339), by the analysis of the alkaloid and several of. its salts. 
Berberi no is very widely diffused in tho vegetable kingdom. Besides the sources of it 
mentioned in vol. i. (p. 5?9), it has been found by Perrins in Hydrastis canadensis 
and Xanthorrhiza apiifolia, two North American ranunculaceous plants ; in a yellow 
dye-wood from Upper Assam, called woodwnpar, probably belonging to the meuisper- 
maceous order; in a woody root, called Itaiz de Sdo Joao, or St. John's- root, from liio 
Grande ; in tho yellow bark of the Pachnolo tree, from Bogota ; and in the root of 
Cojatis Tecta or Mahmira, a ranunculaceous plant of Hindostan and China, highly 
prized for its tonic properties, and known in tho bazaars of India as Mishnicr-hi ter. 
Lastly, the substance called xanthopicritc, discovered in 1826 by Chevallier and Pel- 
letan in the bark of Xantkoxylon Clava Herculis, has been shown by Perrins to be 
identical with berberine. 

When a dilute solution of iodine in iodide of potassium is added to tho solution of 
•any berberine-salt in hot spirit, carefully avoiding an excess of iodine, a crystalline 
iodine-compound is deposited, in green spangles resembling sulphate of iodoquinino 
(v. 25), and, like that substance, possessing the power of polarising light* (Perrins.) 

8UZXL-WOOD. (i. 656.) — Proisser’s statements respecting the red colouring- 
matter of this wood are not to be depended upon. 

OAMP HRSTIC ACID. C ,0 H ,4 0 7 « q*. — A tribasic acid pro- 

duced by the action of nitric acid upon camphor ; — described under PvnocAMPHRisno 
Acid (iv. 757). 


C88PXTZVB. C 4 H U N. — This name is given by Ch ur cli and Owen (Phil. Mag. 
J4], xx. 110 ; Jahrosb. 1860, p, 358) to an organic base, found in small quantity, to- 
gether with pyridine, picolino, collidine, and lutidino, in the liquid obtained by distil- 
ling Irish peat at the lowest possible temperature. When purified by fractional distil- 
lation, treatment with potash, &c., it forms a colourless oil, miscible in all proportions 
with water, and agreeing in composition and boiling-point (95°) with amylamine. 

OBZMOPBTLLnf. A yellow crystalline body obtained from Pyrola (or Che- 
mophUa ) umbdlata (iv. 760). 

OBBTBXXrzc ACID. A yellow colouring-matter contained in the buds of Papulus 
nigra and P. pyramidalis (iv. 688). * 

OOXiZ*OXX>A.Xa ACIDS. (Graham, Chem. Soc. tf. xvii. 218.) — Colloidal sub- 
stances can exist in two states— the liquid state, in which they are soluble in wate$ in 
all proportions ; and the gelatinous or pectous state, in which they are but sparingly 
solid >le. The soluble hydrate of a colloid substance is called d&hydrosol, the gelati- 
nous hydrate a hydrogel. The solubility of a hydrogel diupai shes with the quan- 
tity of water contained in it. Gelatinous silicic, acid containing I per cent. of 
anhydrous silica, di&Bolves in 5,000 pts. of water ; A jelly containing 5 per cent, silica, 
dissolves in 10,000 pts of water ; and anhydrous silica itself is nearly insoluble. The 
passage from the liquid to the gelatinous state is indicated by a gradual thickening of 
the solution, which assumes an oily consistence just before gelatinising. In a solution 
of silicic acid obtained by dialysis (p. 141), the tendency to pass into the gelatinous 
state increases with the temperature and die concentration of the liquid. A solution 
containing from 10 to 12 percent, silica gelatixi|tf|piEi a few h ute j s ; a solution con- 
taining only 6 per cent, may be kept unaltered foxsfeveral days; One containing 2 per 
cent, fbr many months ; another containing 1 jjjfceent. silica remains unaltered for 
years ; and solutions containing only 0*1 per ceq£are doubtless quite permanent. 
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The coagulation of the hydrosol of silicic acid is promoted by small quantities of 
salts, and, on the other hand, the hydroeel is reconverted into the hydrosol by very 
small quantities of alkali. One part of sodium-hydrate dissolved in 10,000 pts. of 
water, gradually liquefies, at 100°, a quantity of gelatinous silicic acid corresponding 
to 200 pts. of dry silica, and may be separated from the resulting silicious solution by 
prolonged dialysis in a vacuum. 

Silica may be separated both from the hydrosol and the hydrogel by a number of 
substances, both colloid and crystalloid (sulphuric, hydrochloric, nitric, and acetic 
acids, alcohol, glycerin, sugar-syrup, and other bodies which do not induce golatinisa- 
tion), these substances then taking the place of the silica. 

The liquid compound of silicic acid with alcohol is called the afcosol, .and the 
gelatinous compound the alcogel of silicic acid. The former produces a nearly 
colourless solution, which is not gelatinised by salts or by insoluble substances, or 
even by heating to the boiling-point, but easily gelatinises when concentrated by slow 
evaporation. Although the alcohol in this compound is less strongly combined than 
the water in the hydrosol, part of it nevertheless remains behind on distillation, and ia 
ultimately carbonised. 

The alcogel of silicic acid is easily prepared by placing masses of gelatinous silica 
(containing 8 to 10 per cent. SiO*) in absolute alcohol, and changing the latter re* 
peatedly till the water of the hydrogel is completely replaced by alcohol. An alcogel 
thus prepared from a hydrogel containing 9 '35 per cent., yielded by analysis 88*13 
per cent, alcohol, 0*23 water, and 11*64: SiO 2 . When immersed in water, tho alcogol is 
gradually reconverted into the hydrogel. By treating the alcogel with ether, benzene, 
carbonic disulphide, and generally with liquids which mix with alcohol, compounds of 
silicic acid with these several substances may be obtained ; from the ether-compcund, 
in like manner, compounds with fixed oils may bo produced. 

A glycerogel of silicic acid is obtained by heating the hydrogel with glycerin. It 
is a perfectly colourless jelly, and so transparent that it cannot bo perceived in the 
liquid* Part of the silica is, at the same time, converted, into a liquid compound, the 
glycerosol of silicic acid. The glycerogel (prepared from a hydfate containing 
8*36 ^er^cent. silica) was found to contain 87*44 per cent, glycorin, 3*78 water, and 

When the hydrogel of silicic acid is immersed, first in moderately dilute sulphuric 
acid, then successively in stronger acids, and finally in tho most concentrated acid 
(hydric sulphate, H 2 S0 4 ), a gelatinous sulphuric acid compound is obtained, the buL- 
p hag el of silicic acid. It is colourless, transparent, of somewhat smaller bulk than the 
hydrogel, from which it has been prepared ; is not altered by boating to tho boiling- 
point of sulphuric acid, but gives up part of its sulphuric acid at a higher tempera- 
ture. By dialysation with water, it is reconverted into hydrogel ; by alcohol intd 
alcogel. Similar compounds may be formed with hydric nitrate, acetate, and formate. 

Liquid stannic acid iB obtained by dialysing stannic chloride mixed with 
caustic alkali, or sodic stannate mixed with hydrochloric acid. In both cases a jelly 
is fiTSt formed, which, as the salts are gradually removed, is reconverted into tho 
soluble modification by the small quantity of free alkali present: tho latter is re- 
moved by prolonged diffusion, most readily after addition of a few drops of iodine- 
solution. liquid stannic acid is converted by heat into liquid metastannic acid. 
Both solutions are easily gelatinised by small quantities of hydrochloric acid or of 
salts ; and, on the other hand, gelatinous stannic acid is reconverted into tho liquid 
acid by free alkali, even at ordinary temperatures. 

A solution of gelatinous titanic acid in hydrochloric acid, prepared in the cold, and 
containing only 1 per cent. SiO*, yields, in like manner, liquid titanic acid. By 
heating liquid stannic and Ci tonic acids with alcohol and other liquids, compounds 
are formed analogous to those obtained in like manner with silicic acid. 1 

Liquid tungstic Ypr rather meta tungstic) acid has been already described 
(p. 911). A mixturew liquid tungstic and silicic acids does not gelatinise, probably 
in conscqnmcQof theforttiation of niico-tungstic acids (p. 916). 

Liquid molybdle icid is obtained, by dialysing a solution of crystallised sodic 
molybdate supersaturated with Hydrochloric acid, for several days, as a yellow liquid 
having an astringent taste and acid reaction. It is very permanent, and when left to 
evaporate, yields soluble raolybdie acid as a deliquescent gummy mass, which, when 
heated, behaves like soluble tungstic acid. Soluble tungstic and molybdic acids yield 
ciystallisable salts by digestion with soda. 

OOVABZnbi' A green cdittline mineral, resembling vivianite in structure* 
found at near Jackets, Mfthe Saxon Voigtlaud. Specific gravity — 2*46. It 

appears to be a hydrated niekel-ptephate, (Braithanpt, Jahiesb. 1869, p. 808.) ' 

Von. Y* 4 A 
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COBIAM T ft T n i . C W H**0 W . (Biban, Bull. Soc. China. 1864, i. 87 ; 1867, i. 
79 Laboratory, i. 324.) — The active principle of Coriaria myrtifolia, a purgative and 
very poisonous plant growing in the South of France, in Spain, and in Italy— formerly 
used for the production of a black dye, and for adulterating senna. Coriamyrtin may 
be extracted from the berries or the leaves, but the young shoots gathered in March 
yield the largest product. They are crushed in a mill, and pressed; the* juice i# 
treated with basic acetate of, lead; and the filtered liquid is freed from excess of lead 
by sulphydric acid, then evaporated to a syrup, and repeatedly shaken up with ether* 
which dissolves the coriamyrtin, and leaves it on evaporation in slightly brown crystals? 
which may be rendered perfectly white and pure by one or two crystallisations from 
boiling alcohol. ' .... 4 

Coriamyrtin is a white, bitter, very poisonous substance, crystallising in oblique 
rhomboidal prisms of 98°*40', having the basal edges truncated. It is anhydrous, 
and melts at 220° to a colourless liquid, which solidifies to a crystalline mass on cool- 
ing. It is slightly soluble in water, easily soluble in boiling alcohol and ether. The 
alcoholic solution turns the plane of polarisation to the right: [«] — 24*5 at 20°. 

Coriamyrtin is decomposed by fuming hydriodic acid, slowly in the cold, rapidly at 
100°, a large quantity of iodine being separated, and a black soft substance deposited; 
and if the supernatant liquid be decanted, the black substance washed with cold water 
and dissolved in absolute alcohol, and the resulting solution mixed with a few drops 
of strong caustic soda , a fine purple- red colour is produced, resembling that of an alco- 
holic solution offiichsine. This reaction is extremely delicate. 

Bromocoriamyrtin, 0 w H JI Br 2 O 10 f is formed by adding bromine, drop by drop, to 
coriamyrtin suspended in cold alcohol. It crystallises from boiling alcohol, in fine 
anhydrous needles, slightly soluble in cold water, very soluble in boiling alcohol, and 
having an extremely bitter taste. 

Chlorine passed through a mixture of coriamyrtin and water, forms a crystalline sub- 
stance, composed of several amorphous chlorinated compounds, which cannot be sepa- 
rated by successive crystallisation. 

Action of Bases on Coriamyrtin . — Most bases attack coriamyrtin in presence of 
water. With potash and soda only brown compounds are obtained ; but with less 
active bases, such as baryta and lime, coriamyrtin assumes the dements of five mole* 
rules of water, producing a dibasic acid, which unites with the base. Thus, when 
boiled with excess of baryta, it forms the compound, C , H 4a Ba"0 1 * = C' D IP t; O ll \ 
BaO.&H 2 0 ; and with lime-water, in like manner, the salt C 3i H 4 “Ca"0 ,B . These salts 
do not possess the bitter taste of coriamyrtin. 

The acid, separated from them by sulphuric or oxalic acid, remains on evaporation 
as an amorphous mass. Its aqueous solution decomposes the carbonates of barium 
and calcium, with effervescence, reproducing the salts just described. 

Action of Acids. — Coriamyrtin is dissolved and blackened by strong sulphuric acid . 
— With fuming nitric acid , it f a ins an amorphous nitro-compound, which detonates 
when heated. It is not attacked by dry hydrochloric acid gas , oven at 100°, but de- 
composes when heated to 200° with the aqueous acid containing 2 or 3 per cent, of 
that gas. 

Acetic anhydride and coriamyrtin, heated together to 140° in a sealed tube for 
about an hour, unite directly without elimination of water. The soft mass thus pro- 
duced, if thrown into water to free it from acetic acid, ultimately falls to a powder, 
which may be washed with cold water, then dissolved in alcohol, separated by evapo- 
ration, and dried at 100° in a vacuum. It is transparent, nearly colourless, brittle, 
very bitter, melts below 100°, is insoluble in water, but soluble in alcohoL It has the 
composition C 42 H M 0' 9 , which is that of hexacetic coriamyrtin combined with 
3 at. water. Its formation is represented by the equation : 

C»h* 6 CM® + 3(C 2 H S 0) 2 0 - C M H s \C*H s O) a O ,# + 3EPO. 

Glacial acetic acid forms a similar compound with coriamyrtin. 

Men, BTrTTL, CAPRTL. C ,0 H 2 ' — The tenth of the series of alcohol-radi- 
cles, C B H fa+1 . It has not been isolated. 

Hydride of Becyl > C 19 H W (isomeric with free amyl), is contained in considerable 
quantity in the portion of American petroleum boiling between 158° and 163° (Pe- 
louze and Cahours, Ann. Ch. Phys. [4], i. 5 ; Jahresb. 1863, pp. 626, 529).— It is 
produced also by carefully mixing di&myiene, C^H*, with bromine, keeping the mixture 
cool, washing the product with dilute potash, and drying it, then heating it under 
diminished pressure, and submitting it to fractional distillation (Wurtz, Bull. Soc. 
Chim. 1863, p. 300; Jahresb. 1863, p. 610). This ;liydrck»rbon resembles amyl in 
many of its properties (W urtz). It has an odour of lemons. Specific gravity = 
0767 at 16° (Pelouze and Cahours); OToSlat 0° (Wurfcz), Boiling-point 
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168° — 162°(Pelouze and Oahours); 166° — 167°(Wurtz). Vapour-density, obs» 
- 6*040 (Pelouze and Cahours); 6*06(Wurtz); calc. — 4*91. * 

Chlorideof Decyl, C l *H* l Cl, obtained from the hydride by the action of chlorine, 
is a liquid of a light amber colour, boiling at 200° — 204' J (Pelouze and Cahours) ; 
190° — 200° (Wurtz). With alcoholic potaah, it yields, amongst other products, a 
hydrocarbon, which boils between 168° and 160°, and forms a heavy oil with bromine. 
(Pelouze and Cahours.) 

IBVOASZC ACXD. C”H 4, 0*. — An acid isomeric with erucic acid(ii. 601), and 
bearing the same relation to it that elaidic acid bears to oleic acid. It is produced 
• by the action of nitrous acid gas on erucic acid, and when recrystallised from alcohol, 
forms a white, inodorous, and tasteless mass, melting at 69° to 60°, and solidifying at 
68° to 69° to a shining mass of fine needles. It becomes coloured and odorous at 
120°. Its sodium-salt, prepared like that of erucic acid, becomes coloured at 110°. 
(W ebsky, J.pr. Chem. lviii. 469.) 

BSX&nVS. Syn. with Phtsostiouine (iv. 636). 

XVOBTIO ACXD. See Addenda to vol. ii. p. 968. 


OLTCEXOOEXm > 
OLTCXBOBOh, > 


See Colloidal Acids (p. 1089). 


OVBTVir-BALBAM, Syn. with Wood-oil (v. 1046). 

otmxnrxo ACXD. The resin left on distilling off the volatile oil of guijun- 
balsam. 


HIOROOSL. j See Colloidal Acids (p. 1088). 

BVSMBOt. ) 

XTOBOMETBT. (iii. 232). — The formula for calculating the weight of a cubic 
foot of air, saturated with aqueous vapour, should be : 

(Weight of cubic foot of dry air) . Hk + Weight of cubic foot of vapour. 

When the air is not saturated, if E& be the elastic force of the vapour at the dew- 
point, and Ea the elastic force of the vapour at the temperature of the air, then ; 

(Weight of cub. ft. of dry air at £°) . + (Weight of cub. ft. of vapour at t°) .3* 

P A* 

= Weight of cubic feet of moist air not saturated. 

This latter formula may be deduced from the formula given on p. 232, vol. iii., for 
the weight of a cubic foot of non-saturatad air, by substituting therein the value of 
the weight of air saturated with aqueous vapour, determined according to the corrected 
formula above given.* 

XSODUXtCXTS. C 8 H H O a = C a H ! *0*.H J 0. — This saccharine substance, produced 
by the decomposition of quercitrin (p. 7) under the influence of acids, is isomeric with 
m&nnito and dulcite. It crystallises very easily, in large, transparent, regularly-deve- 
loped crystals, resembling those of cane-sugar : they are hard, grate between the teeth, 
taste sweeter than grape-sugar, dissolve in 2‘09 pis, water at 18°, and easily in abso- 
lute alcohol. The solution is dextrorotatory. Isodulcite is not fermentable. It melts, 
with loss of water, between 105° and 110°, is coloured yellow to brown by strong sul- 
phuric acid, and by alkalis, and reduces cupric oxide. 1,000 c.c. of a copper-solution, 
equivalent to 6 grms. grape-sugar, are reduced by 6*288 grms. isodulcite. 

Isodulcite, heated with hydnodic acid (or with iodine and phosphorus), is converted 
into a black mass, and yields a small quantity of an oily volatile iodine-compound. 
By oxidation with nitric acid, it yields an acid resembling saccharic acid, with traces of 
oxalic acid. ’ 

Nitro -isodulcite, C*H # (NO*)*0*, separates from a solution of isodulcite in a mix- 
ture of nitric and sulphuric acids, as a white uncrystallisable body, insoluble in water, 
but very soluble in alcohol; it explodes slightly by heat, and by percussion. (HI as i - 
wetz and Pfaundles, Ann. Ch. Ph&rm. cxxvii. 362.) 

XAIIIB»rrUt. C 24 H M 0 T . (Feldman n, Ann. Ch. Ph&rm. cxxxv. 336; Bull.* 
Soc. Chim. 1866, i. 467.) — A bitter principle contained in the root of Laservitium 
latifolium, and exhibiting considerable analogy to those which are extracted from 
Mhamanta, Peucedanum , Imperatoria, and other plants of the composite order. It 
is extracted by macerating the root with strong alcohol, and when purified from an 


* For these correction* I am indebted to the kindness of Mr. P. W. Latham, of Cambridge. — H. W. 

4 A 2 
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adhering resin by means of acetate of lead, crystallises in colourless rhombohedr&l 
prisms. It is tasteless and inodorous when pure ; insoluble in water even at the boiling 
heat ; soluble in benzene, oil of turpentine, and especially in chloroform ; soluble also 
in ether and in carbonic disulphide. It molts at 114°, and solidifies on cooling to a 
resinous mass, which gradually becomes crystalline. When heated in a tube, it sub- 
limes in oily drops. The alcoholic solution is precipitated by water. 

Laserpitin is insoluble in dilute acids and alkalis. Strong nitric and sulphuric 
acids dissolve it, but the solutions are precipitated by water. The alcoholic solution 
is not precipitated by an alcoholic solution of mercuric chloride, load-acetate, silver- 
nitrate, or potassium -iodide. Heated in sealed tubes to 150° with strong hydrochloric 
acid, or to 200° with dilute sulphuric acid, it yields a black pitchy mass. 

By the action of concentrated alcoholic potash, laserpitin is resolved into angelic 
acid and laserol, C l, H w 0 4 , a crystalline resin precipitable by sulphuric acid : 

C 24 H M 0 7 + H 2 0 = C H H 22 0 4 * 2C 5 H 8 0 2 , 

Laserpitin. Laierol. Angelic 

acid. 

the decomposition being analogous to that of athamontiii (i. 430) into oreoselin and 
valeric acid : 

C* 4 H W 0 T + H’O = C M H ,2 0 4 + 2C 4 H 10 O a . 

Athamantin. Oreoselin. Valeric 

acid. 

The root of Laserpitium latifolium yields, by distillation with water, a small quantity 
of a volatile oil, similar in taste and odour to oil of pelargonium. This oil does not 
yield angelic acid by oxidation. 

AXTBOmiZC ACID. C"H»0 4 . (Gobel, Aim. Ch. !Pharm. xxxix. 237.— 

Ettling, ibid, xxxix. 242. — Wohler, ibid. xli. 150. — Heumann, ibid. xli. 303. — 
Malaguti and Sarzeau, Compt. rend. xv. 518. — Qm, xvii. 375.)— A crystalline 
acid, which forms tho chief constituent of some kinds of oriental bezoars (i. 584), To 
extract it, the bezoars are dissolved in boiling alcohol, and tho crystals, which form 
slowly on cooling the solution and concentrating the mother-liquor, are purified by rc- 
crystallisation, with the help of animal charcoal. Or, the bezoars, after being ex- 
hausted with water, are treated for 24 hours with cold dilute ammonia; the fil- 
trate is decolorised with animal charcoal; and the lithofellic acid is precipitated by 
dilute sulphuric acid and washed. Tho acid precipitated from alkalino solutions re- 
quires still to be purified by crystallisation from boiling alcohol. 

Lithofellic acid crystallises in very small, clear, rhombic prisms, with oblique end- 
faces ; hard and easily pulverisable. Molts at 204° (Gobol), 205° (Wohler), and 
solidifies, when not heated above its melting-point, to an opaque crystalline mass. 
IV hen heated a few degrees abovo its melting-point, it solidifies to a clear amorphous 
glass, which becomes electric when rubbed, and molts at 105° to 110° to a viscid mass. 
Alcohol poured upon this amorphous acid produces a large number of fine cracks, 
and the acid, when left in contact with a little alcohol, again becomes crystalline 
(Wohler), The acid slowly excites a bitter taste in the mouth (Winckler). It 
dissolves m 29 pts. of alcohol at 20°, and in pts. of boiling alcohol; the solution 
has an acid reactiou. The acid dissolves in 444 pts. of ether at 20°, and in 47 pts. of 
boiling ether. 

Lithofellic acid, when melted in contact with the air, volatilises in white vapours, 
which exhale an aromatic odour. By dry distillation it loses 1 at. water, and is con- 
• verted into an acid oil, C* n H 4 0*, called pyro lit hofellic acid. Lithofellic acid 
dissolves in strong sulphuric acid, forming a solution which becomes milky on addi- 
tion of water* Hot nitric acid converts it into a yellow acid, soluble in acetic acid, 
crystallising therefrom, and containing C^II^NO^O 8 , (M alaguti and Sarzeau.) 

^ Lithofellic acid, heated with sugar and sulphuric acid, produces a violet coloration 
similar to that which is produced in like manner by the biliary acids. 

The lithof ellates are but little known. The acid dissolves easily in caustic al- 
kalis and alkaline carbonates.— The ammonium- salt is known only in solution. — The 
^potassium- and ammonium-salts are amorphous and gummy. — The barium-salt forms 
crystals very soluble in alcohol. — A lead-salt , of variable composition, is obtained as a 
white precipitate, slightly soluble in water, somewhat more soluble in alcohol, on mix- 
ing an alcoholic solution of the acid containing a little ammonia, with neutral acetate 
of lead,— The silver-salt , obtained in like manner by precipitation, appears to contain 
C *H«AgO\ ™ 

MACXiURZir. Syn. with Morlntankic Acid (iii. 1049). 

miTAPmVBATBS. See Purpu rates (iv. 748). 
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aracoarzc ACXJ*. C*H'0*. (F. Bode, Ann. Ch. Pliarm. exxxii. 95 j Jahreeb. 
1864, p. 400,)— ■ -A dibasic acid produced by the action of sodium-amalgam on the 
chlorinated acid, C 8 H 4 C1 2 0 4 , obtained by treating mucic acid with pentachloride of 
phosphorus (iii. 1058). On treating the resulting mass with hydrochloric acid, evai 
porating to dryness, and exhausting with ether, a solution is obtained, which yields 
muconic acid as a white laminar mass, melting at 195°, solidifying at 185°, easily 
soluble-] n alcohol, sparingly in ether, soluble in 110 pts. of water at 16°, and crys- 
tallising from hot water m long prisms, often groupod in stars. 

The muconates are for the most part easily soluble and amorphous ; the ammonium- 
suit (but not the free acid) gives a reddish precipitate with ferric chloride, and, if not 
too dilute, a white precipitate with silver-nitrate.— The neutral zinc-salt , CH 8 Zn"0\ 
separates from hot water as a white amorphous mass. The etkylic ether is a colourless 
liquid which sinks in water. 

ITAPaTSTI-COWOWDB. Nitrate of Diazonaphthalene, C ,0 II*N 8 . 
NHO*,is formed by the action of nitrous acid on moistened nitrate of naplithylamine, 
and is obtained, by spontaneous evaporation of the aqueous solution filtered from a 
brown-red amorphous product, in white, easily soluble, explosive noodles. — Perbro - 
midcof Diazonaphthalene , C ,0 H*N*.HBr*, prepared hko the corresponding ben- 
zene-compound (iv. 431), forms orange-yellow crystals. — The platinum-salt, 2(C ,0 IT 1 NV 
HCl).PtCl 4 , forms short, yellowish, nearly insoluble prisms. — Diazonaphthaiim- 
ide \ C ,8 H 8 N*.HN, pnsses over as a yellowish oil when the substance formed by the 
action of ammonia on the perbromide is distilled with water. It smells like naphtha- 
lene, and turns brown in contact with the air. 

Naphthyl-hydrate ,or Naphthyl-alcohol , C ,a H H 0 « Produced, 

with evolution of nitrogen, when the aqueous solution of nitrate of diazonaphthalene is 
boiled : 

Cjioipn* + IPO = C ,0 H H O + N*. 

When purified by solution in potash, precipitation with acetic acid, nnd distillation, it 
forms shining white lamince, which melt at 91° to a colourless oilr It volatilises 
without decomposition, burns with a smoky flamo ; dissolves sparingly in water, easily 
in alcohol, ether, and benzene; smells like creosote, and has a burning taste, ft 
unites with strong bases, forming easily decomposable compounds ; is converted by uitric 
acid into nitro-compounds, and by bromine into bromonaphthyl-ulcohol. (Griess, 
Chem. Soc. J. xix. 90; Jahresb. 1866, p. 469.) 

A aphthylsulphydrate, C u Il T .IT.S. — Produced by the action of nascent hydro- 
gou (zinc and sulphuric acid) on imphthylsulphurous chloride (p. 561): 

C w H 7 ClSO a + 3 II- « C ,c n*S + HC1 + 2H i O. 

It passes over on distillation as a colourless, strongly refracting oil, having an unplea- 
sant odour, a specific gravity of 1*146 at 23°, boiling without decomposition at 285°, 
not miscible with water, sparingly soluble in alkalis, easily soluble in alcohol and 
other.' It acts strongly ou finely pulverised mercuric oxide, forming naphthyl-mercuric 
sulphide, (C ,0 H r )*Hg'S* which separates from hot alcohol as a pale-yellow powder. 
— The corresponding lead-compound, (C l0 II 7 ) a l- > b / 'S ,i , is deposited as a lemon -yellow 
fusible precipitate, on mixing the alcoholic solutions of lead-acetate and naphthylaul- 
phydrate. — The copper-compound is a pale-yellow precipitate. 

N aphthyl -disulphide, (C lB H T )*8* f separates, by spontaneous evaporation from 
an alcoholic solution of naphthylsulphydruto saturated with ammonia or potash, in 
yellow monoclinic crystals. It melts at 86°, is insoluble in water, slightly soluble in 
alcohol, easily in ether. In contact with zinc and" sulphuric acid, it is reconverted into 
naphthylsulphydrate. (Schertel, Ann. Ch. Pharm. cxxxii. 91.) 

WTOOPOHT1XO ACZ3>. Syn. with Dinitrosalicylic acid. (See Salicylic Aicid* 

OLIAnslH It An alkaloid contained, together with pseudocurarine, in the 
leaves and branches of the oleander, (See pB^ropcv.Bi?iKn, iy, 743.) 

tTBOUTBOnSAXO ACXX>. See Lithovbllio Acid (p. 1092). 

Mvm n Syn. with Dbctl (p. 1090). 

IVU8AGH. See Colloidal Acme (p. 1089). 



VEIOBT8 Am XX&81TB88, The weights and measures used in this Dictionary are chiefly those of the French decimal system. The following 
tables (published by Messrs, Do la Rue and Co.) exhibit their equivalents in English weights and measures : — 
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Are, or 100 Square Metres . . . 1076-429934 119-603328 3-9538280 ' 0-0988457 0-0247114 

Hectare, or 10,000 Square Metres . . 107642-993419 11960-332602 39o-3828959 9-8845724 2-4711431 

1 Square Inch - 6-4513669 Squale Centimetre. . 1 Square Yard - 0-83609715 Square Metre or Centiare. 

I Square Foot « 9-2899683 Square Decimetres. I Acre m 0-40467102 Hectare. 
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Q PAOB 

Quadmntoxide 1 

Quadrl or Quadro . 

Quarts . . . . 

Quartz-porphvry . 

Quassia-camphor . 

Quassia or Quassite 
Queen’s raetal 
Qucrsescitrin . 

Quercetamide • 

Quercetic acid 

Diaceto-qnercetic acid 
Quercetin 
Quercimeric acid 
Quercitannic acid 
Quercite. 

Benzoquercite. Stearoquercitc. 
Querci tartaric acid 
Quercitrin 
Quercitron 
Quercus . 

Quicksilver (s. Mercury), 

Quillaya 
Quillayin 
Quinanilide 
Quince • 

Quincite • 

Quinetin 
Quinhydrone 

Quinic acid 

Quinates 12 

Quinic ether .«•»#« 13 

Quinidne 
Quinide • 

Quinidine ..... 

Salts of Qainidine . ... 14 

Ethylqainidine . • » « Id 

Quinine ... 

Hydrates of Quiriine . . . 17 

Qoimpft-ealte . ' . . . 19 

Derivatives bf Quinine s 
1 . 2& Addition, 

Hydroqhinine . , . .24 

lodoquinine ‘ . • .25 

Oxyquiniue « . . — 


8 

~6 

6 


2. By Substitution, PA 

Methylquinine 
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nanil, Ac. (s. Succinic Amides, p. 460) 
Sii coin asp halt .... 
Succineupione .... 
Succinic acid ..... 
Succinates, Metallic 
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Bromosucciuic acids 
Succinic amides . • . . 

Succinic anhydride . , 

Succinic chloride .... 
Succinic ethers .... 
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Succinone 

Succino-sulphuric acid (s. Sulphosuccinic 
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Succinyl 

Succinylic acid (s. Succinic acid). 

Succisterene 

Sucrose (a. Cane-sugar). 
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Sugars 

a. Fermentable Sugars . 

b. N on-fermentable - Sugars or Sac- 
charoids .... 

Chemical reactions of Sugars . 
Cane-sugar or Saccharose : 

Nitrosaccharose, Saccharides, Su 
crates .... 
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Sugar of lead .... 
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Sulphacetic acid .... 
Sulphacetylenic acid 
Sulphamefchylane (p. 477). 

Sulphamic acid 

Sulphamic ethers .... 
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thylane ..... 
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Phenyldisulphodiamic acid . 
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Sulphamide 
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Sulphamidobenzamine . , 

Sulpharaidochlorobenzoic add 
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lidonic acid .... 481 

ion (s. Sulphatammon). 
monic acid (a. Sulphazotised 
jJd*, p. 482). 

Sulphamylic acid (a. Sulphuric ethers). 

Sulphan — 

Sulphanefchic or Sulphanetholic acid . — 

Sulphanilic add (s. Sulphamic ethers, 

Sulphan isolic acid ; Sulnhanisolide . — 

Sulphan timonates ; Sulphantimonites 
(s. Antimony, Sulphides of, i. 334, 

335). 

Sulpharsenates j Sulpharsenites (a. Arse- 
nic, Sulphides of, i. 388, 391). 

Sulpharsin (i. 409). 

Sulphatammon 

Sulphates (b. Sulphur, Oxygen-acids of). 
Sulphatoxygen (s. Sulphur). 

Sulphazalic acid, Ac. (s. Sulphazotised 
acids, p. 482). 

Sulphazobenzovl, Hydride of. 

Sulphazotised acids .... 
Sulphesatyde, Ac. (a. Disulphcaatydc, iii. 

412). 

Sulphides and Sulphydrates . 

Sulphindigotic acid. ) (g. Indigosulphiirio 
Sulphindylic acid J acids, iii, 258). 
Sulphisatanous aci<l , . 

Sulphieatin (h. Disulphisatyde, iii. 412). 
Sulphites (s. Sulphur, Oxygea-acidB of). 

Sulphobtnzamks acid 

Sulphobenzamide ..... 
Sulphobenzanilide . . . . • *■*• 

Sulphobcnzide 

Sulphobenzidic acid (r. Phenvlsulphurous 
acid, under Sulphurous ethers). 

Sulphobenzoic acid 487 

Nitro-sulphobeuzoic acid . . — 

Amido-sulphobenzoic acid . • 488 

Sulphobenzoic chorhydrate . 

Sulphobenzoic chloride . 

Sulphobenzoic ethers . 

Sulphobenzol 489 

Sulphobenzolamide . , . 

Sulphobenzoleno .... 
Sulphobenzolcnic acid . • . 

Sulphobcnzolic acid . . . 

Disulphobenzolic acid , . 

Sulphobenzoic chloride . . 

Sulphobenzoyl, Hydride of . 

Sulphobeuzylcnic acid . • • 

Sulphobuty lie acid . * • 

Sulphocacodylic acid (s. Arsenides of Me- 
thyl, i. 409). 

Sulpnocamphic acid .... — 

Sulphocamphoric acid . • . , — 

Sulphocaprylic acid . . . , 490 

Sulphocarbamic acid . • . — 

SulphocaTbamic ethers s 

Ethylic oxysulphocaibamate, or 
XauthaHiide. . . . .491 

Amvlic oxysulpho carbarn ate or 
X^anthanlyiamide. • . • 493 

Sulphocarbamide — 

Sulphocarbimide — 

Sulphocarbonates, Metallic ... — 

Sulphocarbonic acid . # . . 494 

Sulphocarbonic ethers . * • . — - 

Allylic trisulphocarbonate . • 496 

Amyl-dfeulphocfttbonio or Xan- 
■ thamvuc acid , , - . . - — * 

Amyl-ms nlphocarbonicaulphide • — 

ArayMc disulphocarbonate . * • 



Sulphorbonic ethers (continued)— 
Methyl- and Ethyl-amylic 
phocarbonates , 

Amylic trisulphocarbonate . 
Cetyl-diaulphocarbonic acid . 
Ethyl-monosnlpbocarbonic acid 
Ethyl-monosulph ocarbonic sulphide 
Ethylic monosulphocarbonate . ^ . 

Etbyl-diaulphocarbonic or Xanthic 

acid • 

Ethyl-disulphocarbonic sulphide • 
Ethylic disulphocarbonate : Xanthic 
ether ...... 

Ethyl-trisulphocarbonic acid . 
Ethylic trisulphocarbonate . 
Methyl-disulphocarbonic acid 
M ethylic disulphocaibonate . > . 

Sulph ocarbonic ethers containing dia- 
tomic alcohol-radicles ; 

Amylenic trisulphocarbonate « • 

Ethylenic trisulphocarbonate , . 

Ethylenic disulphocarbonate, or 

Xantbate • • . • - • 

Methylenic, Tritylenic, and Tetry- 
lenic trisulphocarbonates . . 

Sulph ocarbovinic acid (s. EtUyl-disul- 
phocorbonic acid, p. 498), 

Sulphocetic acid (s. Cufcylsulphnric acid, 
p. 621). 

SulphocblorobenzarrtUle .... 
Sulphochlorobenzoic acid • . • 

Disulphochlorobenzoic actfl • • 

Sulphocholeic acid 

Sulphocinn&mic acid . . . 

Sulph ocumenic acid . 

Sulphocumide. . * • 

Sulphocyanac$tic acid (s. Thiocyanogly- 
collic acid). 

Sulpbocyanic acid , . « • 

Metallic sulphocyanates . 
Sulpbocyanic anhydride . , . 

lodocyanic sulphide • . 

Sulpbocyanic ethers . . . * • 

Ally lie sulphocyanate, or volatile oil 

of mustard 

Amylic sulphocyanate . • • 

Ethylic sulphocyanate . • 

Ethylenic sulphocyanate . . 

Hexylic Bulphocyanate . 

Metnylic sulphocyanate . . . 

Naphthylic sulphocyanate • 

Phenylic sulphocyanate . 
Sulphocymenic acid (s. Cymylsulphur- 
ous rigid, ii. 298). 

Sulphodraconic acid , . • . 

Sulphoflavic acid (a. Indigos ulpb uric 
acids, iii. 262). 

Sulphoform .....* 
Sulphofulvic acid (s. lndigosulphurie 
acids, iii. 262), 

Sulphoglucic acid fa. Glucosoaulphurio 
add, iL 872) 

Sulphoglutinic acid .... 
Snlphoglyceric acid (s. Glyceroaulphuric 
acid, ii, 892) 


Sulphoglycollic add (a. Ethylenic acid, 
sulphate of, iL 582). 

Sulphobippuric acid .... 
Sulpho-hydroquinonic acids (s. Hydro- 
quinone, iii, 217). * 

Sulpbomargaric and Sulpholeio adds » 
Sulpholignie add , . , . • 

Sulphomazmitic acid . . . . 

Sulph oro elan uren ic add. . 
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Sulphonaphthanic acid (e. Sulph onaph- 
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Sulphonafcotide 523 

SuljjhophCnic acid (s. Sulphuric ethers, 

>. 627). 

iphophenylamide . . • • — 

Sulphophenylic chloride (b. Sulphurous 
ethers, p. 664). 

Sulphophenylic hydride (p. 564). 
Sulphophenylsuccinamic acid 
Sulphophloramic acid . . • • 

Sulphophloretic acid , . . t . 

Sulphophosphates and Sulphophosphites (s. 

Phosphorus, sulphides of, iv. G03, 604). 
Sulphopianic acid (s. Opianic acid, iv. 206). 
Sulphopurpuric acid (s. lndigosulphurie 
acids, iii. 262). 

Sulphopyromucic acid • • . • 

Sulphoquinic acid (s. Quinine-sulphuric 
acid, iv. 26). 

Sulphorctinylic acid . _ . . ( • 

Sulphoruflc acid (s. lndigosulphurie 
acids, iii. 262). 

Sulph osaccharic or Sulphoglucic acid 
Sulph osalicy lie acid .... 
Sulphosinapic acid .... 

Sulphosinapisin 

Sulph osuccinic acid .... 
Sulphosulphamylic acid (s. Amylsul- 
ptiurous acid, p. 55ft). 

Sulpho tell urates and * Sulphotelluritea 
(s. Tellurium, p. 718). 

Sulphothymin acid (s. Cymylsulphuroua 
acid, ii. 298), 

Sulphotoluolamide or Sulphoben^yl- 

amide 

Sulphotoluylic acid (s. Sulphurous ethers, 
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Sulphotolylamic acid .... 

Sulphotriphosphamide • . • 

Sulphovanadates and Sulphovanadites 
(s. Yanadium, Sulphides of). 

Sulph ovinic acid (&. Ethylsulphuric 
acid, p. 622). 

Sulplioviridic acid (s. lndigosulphurie 
acids, iii. 262). 

Sulphoxalenide and Sulphoxamide (a. 
Cyanogen, Sulphydratea of, iL 285). . 

Sulphoxybenzoic acid 

Sulphur 

Sulphur, Bromides of ... 

Sulphur, Chlorides of, or Sulphides of 
chlorine . . . • 

Disulphide of Chlorine^ • 
Protosulphide of Chlorine 
Tetrachloride of Sulphur 

Sulphur, Cyanide of (s. Sulphocyanio 
anhydride, p. 516.) • . • 

Sulphur, Detection and Estimation oft 

1. Reactions . . ' . 

2. Quantitative estimation and separ 

ration ■ • . » ■ 

3. Atomic weight of sulphur 
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Sulphur, Fluoride of • „ • 

Sulphur, Iodides of « • « 

Sulphur, Oxides and Oxygen-acida 

Dioxide of Sulphur, Sulphurous 
oxide or anhydride • ♦ * 

Sulphurous acid • • . • 

Sulphurous chloride . . 

Sulphites, metallic .... 
Sulphites, Alcoholic ; Sulphurous 
ethers 

Amylsulphurous acid 
Diamylio sulphite a< . ;i * . 

Benzylsulphu roua acid . . 
Cumenylsulphurous acid « 
Ethylsulphurous acid 
Ethylsulphurous chloride 
Diethylic sulphite , . . 

Ethylamylic sulphite 
Methylsulphurous acid . . 

M ethylsulphurous chloride 
Dimethylic sulphite 
Methyl-ethylic sulphite . 
Chlorinated methylsulphurous 
add . “ . . 

Chloromethylsulphurous chlo- 
rides 

N ftphthy Isulphurous acid • 
Naphthylsulphurous chloride . 
Ethyl-naphtnylic sulphite 
N aphthy l-th ionamic acid . 
Bromo-, Chloro-, and Nitro- 
rULphthvlsulphurous acids . 
Pnenylanlphorous acid . « 

Phenylsulphqrous chloride 
Thymylsulphurous add (s. 
Cymylsulphurous acid, li. 
2 &>. 

Xylylsulphurpus acid 
Sulphurous ethers containing Dia- 
tomic Alcohol-radicles : 
Ethylene-sulphurous acid . . 

Methylene-aulphurouiopcid 
N aphthy 1 on e- sulphurous add . 
PUenylene-sulphurous acid 
Jritylene-snlphuzous acid 
Trioxide of Sulphur, Sulphuric 
Oxide or Anhydride . 

Sulphuric add .... 
Sulphuric bromide .... 
Sulphuric chlorhydrate . 

Sulphuric chloride .... 
Nitrososulphuric add 
Sulphates of Nitrosylor Asotyl 
Sulphates, Metallic 
Sulphates of Aluminium . 

Alnminio double sulphates: 
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Sulphates of Ammonium 
Antimony, Barium . 

Sulphate# of Bismuth, Cadmium, 
Uwdum, and Calcium • . • 

Sulphates of Cerium 
Sulphates of Chromium . . . 

Sulphates of Cobalt 
Sulphates of Copper 
Sulphates of Didymium, Erbium, 
Gludnum • • • ■ . 

Sulphates of Iridium 
Sulphates of Iron .... 
Sulphate of Lanthanum . 

Sulphate of Lead . , 

Sulphate of Lithium 
Sulphate of Magnesium 
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of Manganese. 
,tes of Mercury 
ites of Molybdenum 



Bubidinm, 

. . 610 
. . 613 


Sulphates of Platinum < 

Sulphates of Potassium 
Sulphates of Rhodium, 

Ruthenium, Silver 
Sulphates of Sodium 
Sulphate of Strontium . . . 

Sulphates of Tellurium, Terbium, 
Thallium ..... 614 

Sulphates of Thorinum, Tin . . 615 

Sulphates of Titanium, Tungsten, 
Uranium . . . . ,616 

Sulphates of Vanadium, Yttrium, 

Zinc ...... 617 

Sulphate of Zirconium . . . 619 

Sulphates, Alcoholic ; Sulphuric 

Ethers 620 

Allylsulphuric acid 

Amyls ulplmric acid . — 

Butyl-, Capryl-, and Cetyl-sulphuric 

acids 621 

Ethylsulphuric acid . . • 622 

Diethylic sulphate .... 624 
Sulphcthamic add* .... 625 
Methylsulphuric add . • . 626 

Dimethylic sulpharif . . . — 

Octyl a ulphuric acid . . . . — 

Pheraenlphuric acid , . 627 

Appendix to Ph enyUttlphuric acid 
rsraphenylsulpnurous acid . 628 
Dibromophenylsulphurous acid — 
Diazophenyloulphurous acid . — 

Diazodibroinophenyle^tphuroua 
acid . . . . . — 

Tctrylsulphttgfo acid . ., . 629 

Tritylsulphuric acid . . . — 

Ilyposulphurous or Tbiosulphurio 

acid — 

Dithionic or Hyposulphurio add . 686 

Trithionic acid 689 

Tetrathionic acid .... 641 
Pentathionic acid .... 642 
I' Sulphur-acids or Sulphanhydrides . . 648 

Sulphur-bases . . . • — 

Sulphuret (s. Sulphide, p. 482). 

Sulphuric acid and anhydride (p. 569). 
Sulphuric chloride (p. 576). 

Sulphuric ethers (p. 620). 

Sulphurous add and anhydride 
Sulphurous chloride (p. 542). 

Sulphurous ethers (p. 551). 




ulphuryl 
Sumach . 

Sumbulamic acid 
Sumbul> balsam (s, Sumbul-root). 
Sumlmlic add* 

Sumbulino 
Sumbul-oil . . 

Sumbul-root • • 

Sundvikite . . 

Sonatone 

Super ... 
Superphosphate . 1 

Sunnamine • . 

Sortorbrand . 

Stuannite or Sumnnite 
Swbeigite • 

Swaga • • . 

Swamp-ore . • 

b 2 


645 
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Swietenia 

Sycocerylic acid . 
Sycocerylic alcohol 
Sycocerylic aldehyde 
Sycocerylic ethers 
Sycoretin . ; * 

Syenite , 

Syepoorite 
Syhedrite • • 

Sylvan . 

Sylvan ite 
Sylvie acid 

Oxysylvic acid 
Sylvine or Sylvite . 
Sylvinolic acid 
Symbols, Chemical (s. F 
and Notation, iv. 136) 
Symmorphosis 
Sympathetic ink . 
Symphytum • . 

Symplesite 

Synantherin (s. Sinistrin 
Synaptase (s. Emulyin, i 
Syndesmides . 

Synovia . 

Synthesis, Chemical 
Syntonin . . 

Syria 
Syringa . 

Syringenin 
Springopicrin . 

Syrup . 

Szajbelyite 
Szesko . ' . 


m t 

Tabasheer . . * 

Tabergito • . . 

Tabular spar . . . 

Tacamahac . . .. * 

Tachyaphaltito . • 

Tachydrite 

Tachylyte ... 
Tconiin. «... 
Tagilite .... 
Tagua-nut . . 

Ta-hong 

Taigu wood • 

Taiguic acid . » 

Takouravo (a. Nephrite, iv. 8 

nite : : 

Talc, White • 

Talc-alum % • 

Talcapatita ... 
Talc-chlorite (s, Clinochlore, 
Talc-iron-ore , , . 

Talc-Ironstone . 

Talc-garnet . , 

Talcite or Talkite . 

Talcold • . ■ . 

Talcose Blate . . • ■ 

Tallicoon&h-oil (s. Carapa-oil, 
Taliingite . . • . * 


rmula, ii. 695 


p. 311). 
486). 


Tallow • 
Talmi gold . 
Ta-lou . 
Taltalite 
Tamarinds ■ . 

Tamarite 
Tnmarix . 
Tamtams . 
Tan acetic acid 


345 Tanacetin . v . . . , • 658 

— Tanacetum — . 

— Tanah-ampo — 

646 Tanghinia — . 

— Tangiwaite . . , * . . . 659 

647 Tankite — 

— Tannaspidic acid — 

— Tannecortepinic acid .... — 

— Tannenite ...... — 

— Tannic acid. Tannin . .. . — 

— Tannigenamic acid (s. Gallamic acid, iL 

648 759). 

650 Tanningenic acid (s. Catechin, i 816). 

— Tannomelanic acid 661 

— Tannopic acid. . . . • ■ . — 

Tannoxylic acid — 

Tansy — 

— Tantalite — 

Tantalum ...... 662 

— Tantalum, Bromide of . . . • — 

651 Tantalum, Chloride of . . . . — 

Tantalum, Detection and Estimation of : 

1. Blowpipe reactions . . , 663 

— 2. Reactions in solution ... — 

— 3. Estimation and separation . . 664 

— 4. Atomic weight of Tantalum . — 

— Tantalum, Fluoride of . • • . 665 

652 Tantalum, Nitride of . • . — 

— Tanta]um ? Oxides of . . . — 

— Dioxide or Tantalous oxide . • — 

653 Pentoxide, Tantalic oxide, or Anhy- 

— dride — 

— Tantalic acid . . . . 6GG 

— Tantalates — 

Ferrous Tantalate ; Tantalite 
and Tapiolite ... — 

Tantalate of Y ttrium j Yttrotan- 

653 talite 668 

— Tantalum, Sulphide of . . * , 669 

— Tapanhoacanga . . * • . • — 

654 Tapioca . , • . . . — 

— Tapiolito — 

— Tar — 

— Taraxacin 670 

— Taraxacum — 

— Tarnowitzite .671 

— Tartar — 

— Tartar-emetic. . ... . 672 

655 Tartaric acid ... . . . — 

— Dextrotartaric acid . . . 673 

Loevotartaric acid . . . . 674 

— Tartrates 675 

656 Tartrates of Monatomic metals . 677 

— Tartrates of Diatomic metals . . 680 

— Tartrates containing Triatomic 

— # metals and Metalloids . • 683 

Acid* isomeric with Tartaric Acid: 

— Racemic or Paratartaric acid (p. 34). 

— Inactive Tartaric or Mesotartoric 

— acid 687 

— Meta tartaric acid . 688 

— Glycotartaric acid . . • • 689 

— Acids derived from Tartaric Acid by 

the substitution of Acid Radicle* 

— for the Alcoholic Hydrogen: 

657 Diaceto tartaric acid and anhydride. — 

— - Benzotartaric acid 

— Dibromotartaric acid . • . 690 

— Nitrotartaric acid .... — 

— Tartaric amides — 

— Tartaric anhydrides .... — 

658 Ditartaric acid 691 

— • Tartrelic acid — 

— Insoluble tartaric anhydride . . — 



THE FIFTH VOLUME. 


1109 


Tartaric Ethers • . . ^ . 

a. Neutral Ethers containing Monatomic 
Alcohol Radicles: 

Ethylic tartrate, or Tartaric ether 
Acetot&rtaric ether . 

Diacetot&rtoric ether 
Benzotartaric ether . 
Acetobenzotartaric ether, 
Succinotartaric ether 
Methylic tartrate . 

A Acid Eth era containing Monatomic 
Alcohol Radicles: 

Amylfartaric acid . 

Ethyl tartaric acid . 

Ethyl benzotartaric acid 
Methyltartaric acid . 

Citrotartaric acid . 

7 . Tartaric Ethers containing Poly- 
atomic Alcohol Radicles : 
Glucoaotartaric acid; GlyccTO- tar- 
taric acid dec. 

Tartarin .... 

Tartarus .... 

Tartralic acid (s. Ditart&ric acid, p. 691) 
Tar tram ethane . . 

Tartramic acid , 

Phenvltartraimc acid 
Tartramide . 

Diphenyltartramide 
Tartramylic acid (s. Amyltartaric acid, 
p. 694). 

Tartranil (s. Phenyltartramide). 
Tartranilic acid (p Phcnyltartramic acid, 
p. 679). 

Tartranilide (s.Phenyltartramide,p. 697). 
TartrateB (p. 676). 

Tartrelic acid (p. 691). 

Tartrethylic acid (a. Ethyltartaric acid, 
p. 694> 

Tartrimide ...... 

Tartroglvccric acid (a Glycero tartaric 
acid, il 893). 

Tartromethylic acid (a. Methyltartaric 
acid, p. 695). 

Tartronic acid. 

Tartrovinic acid (e. Ethvltartaric acid 
p. 694). 

Tartryl 

Tartrylic add (a Tartaric acid). 

Tasman ite . . . 

Taunus-slate . . 

Taurine • • » 

Tauriecite , . . 

Taurochenocholic add . 

Taurocholic add • 

Taurylic acid • . . 

Tautocline . • » 

Tautolite • . . 

Taxin .... 

Tayutin .... 

Tcnarlan . . 

Tchinguel-sakeaey , 

Tea ... 

Teak . . ... 

Tears (s. Serous fluids, p. 286) 

Tectizite ... 

Tectona (a. Teak). 

Teeth. . ... 

Tekoretin . . 

Telaesin or Telescin . . 

Telerythrirs • . . 

Telesie (a. Corundum, ii. 86 ). 

TeOnnmyl (s. Amyl, Tdlunde of, i. 206), 
TeUmates <p. 716). 


694 


695 

696 


697 


PAGE I PAG is 

691 I Tellurethyl (b. Ethyl, Telluride of, it 
660). 

Tellurhydric add (b. Hydrogen, TeUu- 

692 [ ride of, iii. 204). 

Telluric acid (p. 716). 

Telluric bismuth (s. Tellurides). 

Telluric odire . . . • . 707 

Telluric silver (s. Tellurides). 

Tellurides and Tellurhydrates . . — 

r relluritea (p, ,714). 

Tellurium 709 

Tellurium, Alloys of (s. Tellurides, p. 

707). 

Tellurium, Bromides of • • , . 710 

Tellurium, Chlorides of . . . — 

Tellurium, Detection and estimation of: 

1 . Blowpipe reactions . • .711 

2, Reactions in solution . . . — 

8 . Estimation and separation . .712 

4. Atomic weight of Tdlurium • — 

Tellurium, Fluorides of . • • .718 

Tellurium, Iodides of . . . — - 

Tellurium, Oxides and Oxygen-acids of: 
Tellurous oxide or anhydride . — - 

Tellurous acid .... . — 

Tellurites 714 

Telluric oxide or anhydride • * 716 

Telluric acid 

Tcllurates — 

Tellurium, Sclcnide of . . . • 718 

Tellurium, Sulphides of . , • • — 

Tclluromethyl («. Methyl, Telluride of: 
iii. 992). 

Tellurous salts 719 

Temperature (s. Heat, iii. 18). 

Tempering . . . • . • — 

Tomplin-oil • . • jfejk . • — 

Tcnnantite . . . • . • 720 

Tenorite . • . . . • — 

Tephroite . . . . . ' . — 

Tephrosia • f . . • • • — * 

Teracrylic add (s. Pyroterebic add, iv. 

776). 

Ter&tolite . *** 

Tcratonatrito . . . . . . — • 

Terbium and Erbium . . • 

Tcrebamic acid • « • . • 728 

Terebamide . » •* . * . « — 

Tcrcbene . . • , # * — 

Tcrcbenic add (s. Terebic add). 

Terebenthene . • • • — 

Terebentilic acid • . . 

Terebenzic acid • — 

Terebic acid . . , •« , >f . • — * 

Terebic ethers . • • . 7jJ6 

Terebilic acid (s. Terebio add). - 
Terccamphene . . . v . . . — 

Tercchrysic or Terecrylic add ■' • . — 

Terenlte » . •— 

Terephthalaraide (p. 726). 

Terephthalic acid — 

Nitroterephthalic add . . . — 

Terephthalic amides .... 726 
Terephthalic chloride .... 727 
Terephthalic ethers • • • • — 

Terephthalyl-nitrile (s. Terephthalic 
amides, p. 726). 

TeropUmmone (s. Opianic acid, Amides 
of, iv. 206). 

turpentine-oil, Hydrates 

Terpinol f ** 

Terra Catechu (a. Catechu, L 816). 

Terra di Siena • • * • • 


698 


699 

700 


701 

702 


706 


707 
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PAGE 

Term fol iata Tartari * * 727 

Terra japonic* . . ' . . — 

Terra lemma . . . . . — 

Terra miraculosa — 

Terra muriatic* — 

Terra nobilis ••••..— 
Terra ponderosa . . . • . — 

Terra umbra — 

Terra vitrescibilis — 

Tesselite (a. Apophyllite, i. 851). 

Tesseral pyrites — 

Tetartiue ...... — 

Tetartohedry (s. Crystallography, ii. 121, 

144). 

Tetra ....... — 

Tetraclasite (a. Scapolite, p. 203). 

Tetradecyl or Tetradecatyl • • . 728 

Tetradymito — 

Tetrahedrite — 

Tetramercurammonium (s. Mercury- 
basee, Ammoniacal, iii. 917). 
Tetramethylammonium .... 729 
Tetramethylethy leu e . • . .730 

Tetronitronapththalene . . . . — 

Tetraphosphamic aciila .... — 

Tetraphosphates ..... — 

Tetrasulphodiphenylenic acid . .731 

Tetrathionic acid (s. Sulphur, Oxygen- 
acids of, p. 641). 

Tetrazodiphenyl (s. Diazobenzidine, iv. 

412). 

Tetrazodiph 
Tetraphyli 
Tetrene . . • 

T et r ethyl ahimoniom 
Tetryl ...... 

Tetiyl, Acetates of 732 

Tetryl Alcohols — 

Tetryl, Bromide of 734 

Tetryl, Carbonate of (s. Carbonic ethers, 
i 801). 

Tetryl, Chloride of 

Tetryl, Cyanide of (a. Cyanides, ii. 272). 
Tetiyl, Formate of (s. Formic ethers, ii. 

695). 

Tetryl, Hydrate of. ... 735 

Tetryl, Hydride of. 

Tetryl, Iodides of • 

Tetryl, Nitrate of 736 

Tetryl, Oxide of .... < 

Tetrvl, Sulphate of (s. Sulphuric ethers, 
p. 629). 

Tetryl, Sulphydrate of . 

Tetrvl amine 737 


Tetiylene 
Tetrylene-diamine . 

Tetrylenic acetate . 

Tetrylenic alcohol < 

Tetrylenic bromide. • • 

Tetrylenic chloride . • . . 

Tetryl-glycol (a. Tetrylenic alcohol). 
TetrvEin-triamine . . . . 

Tetryl-cenanthyl (a. Butyrone, L 698). 
Tetiyleulphurio acid (s. Sulphuric 
ethers, p. 629). 

Tetrylsulphydnc add (p. 786). 
Teucrium 
Teutlose • 

Texalite. 

Texadte. 

Thakcetone 
Thalite . 

Thalleiochin 

Thallite (s. Epidote, ii 490). 


739 


740 


of 


600) 


600), 


Thallium . . . 

Thallium, Alloys of * 

Thallium, Bromides of . 

Thallium, Chlorides of . 

Thallium, Cyanide of . 

Thallium, Detection and Estimation of: 

1. Reactions in the dry way 

2. Reactions in solution . __ 

3. Estimation and separation 

4. Atomic weight of Thallium 
Thallium, Fluorides of 
Thallium, Iodides of 
Thallium, Oxides of 
Thallium, Oxygen -salts 

a. ThalliouB salts 
0. Thallic salts 
Thallium, Phosphide of 
Thallium, Selenide of 
Thallium, Sulphide of 
Thallium-benzamide 
Thallium-ethers . 

Thallium-glass • 

Thallium-triamine . 

Tballochlore . . 

Th&randite (s. Bitter spar, iii. 

Thebaine 
Theholactic acid 
Theine . 

Theiothermin (s. Baregin, i. 

Thenardite . 

Thdnard’s Blue 
Theobroma « 

Theobromine . 

Thermobarometer . 

Thermometer . 

Thermometric analysis 
Thermomultiplier . 

Thermonatrite . 

Thermophyllite 
Thermostat • 

Therythrin • • 

Thiocetic acid 
Thiacetic anhydride 
Thialdiue . . 

Ethyl-thialdine 
Methyl-thialdine 
Methyl-thialdammonium 
Thiamethaldine (s. M ethyl- thialdii 
Thianisoic acid 
Thi&nisol , 

Thierschite .... 
Thiethaldine (s. Ethyl-thialdine, p. 778), 
Thiet-sie 

Thiobenzaldine • 

Thiobenzoic acid • • 

Thiobenzol . . • 

Thiobutyric acid • 

Thiocaprinaldine • 

Thiochronic acid . . 

Thiocinnol . • . 

Thiocumol or Thiocuminol 
Thiocyanides . 

Thiodiacetic acid • 

Thiodiacetimide . • 

Thiodiglycollamic acid • 
Thiodiglycollamide 
Thiodiglycollic or Thiodiacetic add 
Thiodiglycollic chloride . 

Thiodiglycollic ether 
Thiodiglycollimide • 

Thioformic acid • • 

Thiofucusol . . 

Thiofarfol or Thiofuriurol 
Thiomelanic acid . 


ne). 


740 

746 

747 

748 


749 

750 
761 


768 

766 

767 

768 

769 

760 

761 

769 

770 

771 


772 

773 

774 


776 


776 


777 

778 
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Thiomethaldinfl (a. Methylthialdine, p. 774), 

Thionamic acid « • • • 778 

Thionamide — 

Thionaphthalic add (s. Naphthylsulphu- 
rous add, p. 660). 

Thionaphthamic or NaphthylsuJphamic 
acid . . • . . t . — 

Thionesaal 779 

Thionuric add 

Thionyl . 780 

Thionylamic acid (a. Thionamic acid, 
p. 778), 

Thionylamide (a. Thionamide, p. 778), 
Thiopnosphamic add 
Thiophosphodiamic add 
Tbiosalicol 
Thioeinamine • , 

Bromothiosinamine 
AmyUliiusinamine 
Ethylthiosinamlne 
Methylthiosinaraine 
Naphthylthiosin amine 
Phenylthiosinamine 
Thiosinaniliue (a. Pbenylthioainamine), 
Thiosinnaphthylamine (a. Naphthyl* 
thiosinamine). 

Thiotoluic add 
Thiotoluolic acid 


Thiovaleric add 
ThjttrBa Lava 
ThjdTsanite 
Thomaite 
Thomsonite 
Thorina (s. Thorinum, Oxide of, p. 787), 
Thorinum . 

Thorinum, Bromide of 
Thorinum, Chloride of 
Thorinum, Detection and Estimation of 
Thorinum, Fluoride of . • 

Thorinum, Iodide of . . 

Thorinum, Oxide of; Thorina 
Thorinum, Oxychloride of . 

Thorinum, Oxygen-salts of . 

Thorinum, Oxysulphide of . 
Thorinum, Phosphide of , 

Thorinum, Sulphide of . 

Thorite ..... 

Thorium («, Thorinum). 

Thraulite . . . . 

Thridacium . . , . 

Thrombolite . . . . 

Thsing-hoa-liao • . . 

Thuja ... 0 * 

Thujene (s. Thujone), 

Thujctic acid . * . . 

Thujetin . , , 

Tlmjigenin . . « ' 

Tliujin . ... . , 

Thujone 

Thulite (a Epidote, ii. 490), 

Tlnimite (s. Ax mite, L 477). 

Thuringite , . • . . 

Thyme, Oil of .... * 

Thymeid (a. Thymofl, p. 798), 

Thymene ...... 

Thymidc add (a. Thymotic acid, p. 796). 
Thymine • . . . . 

Thymofl 

Thymoflamide; Thymoilic add; Thy- 
moflol (a. Thymofl). 

Thymol ...... , 

Pentabromolhymol , 

Chlorothymols .... 

Nitrothyxnols .... 


781 

782 


783 


784 


786 


788 


Thymotic acid 
Thymotide . 

Thymus (s. Thyme, Oil of, p, 791) 
Thymus-gland 
Thymyt . 

Thymyl, Hydride of 
Thymylsulphuric add 
Thymylsulphurous acid (a. Cymylsul- 
phurous acid, ii. 299), 

Ticnnas Poison 
Tile ore 


PA OB 

. 795 
795 


797 


Tilkerodite 
Tillaudaia 
Tima , 

Timazite 
Tin 

Occurrence and distribution 
Metallurgy 
Properties 
Tin, Alloys of 
Tin, Bromides of 
Tin, Butter of 
Tin, Chlorides of . 

Dichloride or Stannous Chloride 
Sesquichloride 

Tetrachloride or Stannic Chloride 
Tin, Cyanide of (s. Cyanides, ii. 278), 
Tin, Detection and Estimation of; 

1. Blowpipe reactions 

2. Reactions in solution . . 

8. Quantitative estimation , 

Volumetric estimation , 

4, Separation from other metals 
6. Atomic weight of Tin 
Tin, Fluorides of . 

Tin, Iodides of ... 

Tin, Oxides of: 

Protoxide or Stannous oxide . 
Sesquioxide .... 
Dioxide or Stannic oxide , 

Stannic hydrates and salts , 

Stannic acid and stannates . 

Metastannic acid and Metastan- 
nates 

Tin, Oxychloride, Oxyfluoride, and 
Oxyiodide of (pp. 807, 813, 814), 

Tin, Phosphide of , . . < 

Tin, Selenidea of , 

Tin, Sulphides of . . . , 

Protosulphide or Stannous sul- 
phide ' 

Sesquisulphide • • « 

Disulphide or Stannic sulphide 
Sulphostannates 
Tin, Sulphochloride and Sulphoiodide of 
(pp. 809, 814). 

Tin cal , 

Tin-ore . . • 

Tinplate . 

Tin-pyrites . 

Tin-radicles, Organic 
Stansetbyls • 

Stannmethyla . 

St annmy ls * 

Tirolite (s. Tyrolite) 

SScid] 

Titaniferous iron (p. t 
Titanite . 

Titanium • 

Titanium, Alloys of 
Titanium, Bromide of 
Titanium, Chlorides of 
Titanium, Cyanides of (a. Cyanides, ii. 278), 


i <p. 848). 


798 


799 

808 

804 

805 
808 


807 

808 


810 

8U 

812 

618 

814 

815 

816 

817 

818 


821 

822 


828 


824 


825 

882 

885 


686 
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Titanium, Detection and Estimation of: 

1. Blowpipe reactions . 

2. Reactions in solution . 

, B r Estimation and separation 

Volumetric estimation 
4. Atomic weight of Titanium 
Titanium, Fluorides of . 

Titanium, Iodides of , 

Titanium, Nitrides of . 

Titanium, Nitrocyanide of , 

Titanium, Oxides of : 

Protoxide , 

Sesquioxide or Titanoue oxide 
Dioxide or Titanic oxide . 

Titanic acid . 

Titanates 

Titanium, Oxychloride of (p. 837) 
Titanium, Oxyfluoride of (p. 640) 
Titanium, Sulphide of . . 

Titanium-green 
Titanium-sand . • 

Titanium-steel . , . 

Titration , 

Tiza 

Tobacco 

Tobacco-camphor (s. Nicotianine, 

44). 

Tobacco-oil .... 
Tobacco-seed oil 

Toddalea (b. Lopez-root, iii. 733). 
Tolallylsulphide . 

Tolene 

Tolid . . , ... 

Tolin (e. Toluene) 

Tolu-balsam (s. Balsam, i. 498). 
Toluamic acid (s. Oxytoluamic acid, iv. 

Toluene or Toluol .... 
Amidotoluene (s. Toluidine, p. 865) 
Azotoluenes (b. Azotoluidinea, p 
867). 

Bromotoluenes 

Chlorotoluenes 

Ethyltoluene .... 
Hydroxyltoluene, Cresol, or Cresylic 
Alcohol 

Methyltoluene . 

Di oxymethyltoluene 
Nitrotoluenes . 

Oxy tolic acid , , 

Sulphur-de riv a tive s of Toluene, and 
compounds isomeric with them 
Benzylic sulphydrate 
Toluenic sulphydrate 
Benzylic sulphide . 
Oxypenzylic sulphide 
Benzylic disulphide 
Toluenic disulphide 
Oxybenzylic disulphide 
Toluene-sulphamide 
Toluene-sulphobromide . 
Toluene-sulphochloride . , 

Tolueue-sulphuric acid . • 

Toluene-sulphurous acid 
Toluenyl (s. Tolyl). 

Tolu-eugenyl (f 
ii. 605), 

Toluglycic add (s. Toluric acid, p. 868), 
Tduio or Toluylic add . 

Iodotoluic add . . 

Nitrctoluic acid . 

Nitrotoluic ethers 
Dinitrotoluic ethers 
Oxytoluamic add • 


PAGE 
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m 


840 

84r 


842 

844 

845 


1 fi 

84 * 

849 


851 


852 

853 

857 


858 


858 


859 


860 

861 


862 

863 


containing 


Toluic or Toluylic add (ctmtitmctf ) — 
Alphatoluic acid . • 
ParachJorotoIuic add 
Toluic aldehyde . . ■ 

Toluic anhydride . 

Salicylotoluic anhydride 
Toluic Chldride 
Toluic ethers . . . 

Toluidene or Benzylidene 
Toluides .... 

Toluidine 

Phenyltoluidine • 
Benzyltoluidine , 
Dibenzyltoluidine . 

Derivatives of Toluidine 
Aldehyde-radicles 
Azotoluidine 
Azoditoluidine 
Azophenyl-tolyldiamine 
Benzylamioe ... 
Dibenzylamine . 

Tribenzyl amine , 

Ph enyl-benzyl amine. 

Toluol (s. Toluene). 

ToluoHc acid (s. Toluic add). 
Toluonitrile (s. Benzylcyanide. i. 573). 
Toluosalicyl, or Toluosalicylol (s. Sali- 
cylol, p. 170). 

Toluric acid • • 

Toluyl^ * S . 

Toluylamlne • ' . 

Toluvlene 
Toluylic'acetate . 

Toluylic add (s. Toluic acid, p. 861). 
Toluylic alcohol . 

Toluylic chloride . 

Toluylic sulphide and sulphydrate 
Tolyl or Benzyl . 

Amidobenzyl , 

Bromobenzyls. 

Nitrobcnzyl . 

Tolylacetamide 

Tolylauiine (s. Bcnzylamine. p. 867) 
Tolylaniline . 

Tolylbenzamide 
Tolylcarbamide 

Tolyl-diphonyi-rosaniline (iv. 473) 
Tolylene (a. lienzylene, i. 577). 

Toly lone-diam ine . 

Tolylene-triamines . 

Tolyl-ethyl-urea . 

Toly 1-pheny lam ine. 

Tolylaalicylamide . 

Tolylsuccmimide ... 
Tolylsulphurous bromide, chloride, 
hydride 

Tolyl-thiosinamine. ■ 

Tombac ... 

Tombazite . ■ . 

Tonka-beans • . 

Topaz . 

Topaz-rock . . 

Topazolite . . 

Torbanite 

Torberite (a. Uranite). 

Tormentilla . . 

Torpedo . 

Torrelite (s. Niobite). 

Torricellian vacuum . . . , 

Touloucouna or Tulucuna oil (b. Carapa 
oil, i 749). 

Toulouron oil . . 

Tourmaline 

Tourmaline, Artificial ... 


page 

863 

864 


865 


867 


868 
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870 


871 


872 


873 


874 


876 


877 
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Tourmaline-rock and. Tourmaline-slate . 877 

Towanite (s. Copper-pyrites, ii. 77). 
Trachydolerite 
Trachyte . - - 

Tragacanth (s. Gum, ii. 955). 

Tragopogon .... 

Transpiration 878 

Transudation . 

Trap ... 

Traps . 

Trass . . • 

Traversellite . 

Travertine . • 

Trehala or Tricala . 

Trehalose (a. Mycose, iii. 1098). 

Tremella. • . - • . 

Tremenheerite 879 

Tremolito . • 

Tri. 

TriaUyl-Bulphiodide 
Triamyl-glycerin . 

Triarayliuene (s. Trioxamy lamine) 
Trianosperma . . . 

Tricala (b. Trehala). 

Tricapronylamine (a. Triccuanthyla- 
mine). 

Tricarballylic acid . . • • . — 

Tricarballylic ethers - . • , . 880 

Trichalcite . • • • — 

Trichopyrite . . . . V : * — 

Triclasite (a. Fahlunite, ii. 615). ■ *&' 

Tridacium (a. Thridacium, p. 788); ** 

Tridecyl, Hydride of — 

Triethylglycerin or Triethylin . • — 

Triethylsulphine . ... * 881 

Trictliylsulphurous compounds • • — 

Triethyl-tritylphycite (p, 896). . 

Trifolium , . . , . . 883 

Trigenic acid — 

Triglochin . . . , . 884 

Triglycollamic acid (s. Glycollamic acids, ' 

Trihcptylamine — 

Triheptylidene-dirosaniline ... — 

Trihydrocarboxylic acid (s. Iiydrocar- 
boxylic acids, iii. 189). 

Trimercuranil, Nitrate of (iV. 475). 
Trimethyl-glycerin or Trimcthylin . 885 

Trimethylsulphine . 
m i compounds . 

88G 


Trimethylsulphurous compounds 
Tri methyl- tell u 


yl-tellurous compounds 
Trimorphism (s. Dimorphism, ii. 331). 
Trinacme 


Trioen anthylamine (s, Trihcptylamine, 
p. 884). 

Tncen anthylidene-dirosaniline (p. 884). 

Trioilite 

Trioxamylamine 

Trioxyalizarin (s. Purpurin, iv. 751). 
Trioxyprotein (s. Protein, iv. 738). 

Tripe-stone 

Triphane 

Triphylline 

Triple salts ...... 

Triplite . . . . , . 

Tripoclaae (s. Thomsomte,p. 784). 
Tripoli .... 

Tnthionic acid (s. Sulphur, Oxygen-acids 
of. p. 689). 

Triticm . . . . ' . . . 

Triticum. 

Tritomite 

Tritoxide ...... 

Trityl or Propyl 


887 




89 & 

89 * 


894 


895 


896 


897 


Trityl* alcohols ' ■ . ; • • 

Trityl ethers . . . 

Trityl, Hydride of . . • 

Tritylamine or Propylamine • 

Tritylene or Propylene . 

Tritylenic alcohol . 

'Sritylenic ethers . 

Tiitylphycite or Propylphycitc 
Tritylphycitic acid . . . 

Tritylphycitic dichlorhydrin . ^ . 

Tritylphycitic dichlorobromhydrin 
Tritylphycitic ethers . . 

Trombolite (s. Thrombolite, p, 788), 

Trona . . . • . 

Troostite • • • • 

Tropaaolum . 

Ttepine 

Truffle • * • • • 

Tcheffkinite or Tschewkinite 
Tehen . . . . 

Tchermigite . . 

Tschewkinite (b. Tacheffkinite) 

Tschomosem .... 

Tse-hong . . . 

Tsing-lien ... 

Tuber cibarium (b. lTuffle, p. 896), 

Tuesite .... 

Tufa 

Tulip-tree .... 

Tulucuna, Tulicoona, or Tallicoona oil, 

(s. Carapa oil, L 749). 

Tulucunin — 

Tungsten ...... — 

Tungsten, Alloys of ... . 898 

Tungsten, Bromides of .... — 

Tungsten, Chlorides of .. ... 899 

Oxychlorides 900 

Tungsten, Detection and Estimation of: 

1. Blowpipe reactions . . . 901 

2. Reactions in solution . . . — • 

3. Estimation and separation . , — 

4. Atomic weight .... 902 

Tungsten, Fluoride of , . . . — 

Tungsten mineral ... • . . — 

Tungsten, Nitride of . . . — • 

Tungsten, Oxidee of: 

Dioxide or Tungstous Oxide . • 903 

Tri oxide, Tungstic Oxide, or Anhy- 
dride . . . , , — 

Tungstates . . . . . 904 

Metatungstaies . ... 911 

Tungsten, Oxy bromides of (p. 899). 

Tungsten, Oxychlorides of (p. 900), 

Tungsten, Phosphides. of . . . 918 

Tungsten, Sulphides of . . . . * . 914 

SulphoUingstntes . . . . . — 

Tungsten-methyl . . . . . . , 915 

Tungsten compounds . . . — 

Tungstosilicic adds • • • . — 

Si li co tungstic acid .... — 

Tungstosilicic acid . , . . — 

Silico-decitungstic add , . . 018 

Tungstoso-tungstic compounds • • — 

Tungstous compounds . • • — 

Tumcin . .... . . • — 

Tuibeth (a. Turpeth). 

TurgHe . — 

Turmaline (s. Tourmaline, p. 875). 

Turmeric . . . • . • •— ■ 

Turnbulls Blue 919 

Tumerite . . . • . . — 

Turner's Yellow . . . . • . — 

Turnip (e» Brass ica, L 664). 

Turpentine ...... — 
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Turpentine camphor * ^ . . 

Turpentine gall-nuts * . * . 

Turpentine, Oil of . . . . . 

' Compounds of Turpentine-oil with 
Hydrochloric, Hydrobromic, and 
• Hydriodic adds . , . 

* Hydrates of Turpentine-oil . 

■- Molecular transformation of Turpen- 
tine-oil 

Substitution-products, of Turpen- 


. tine-oil 


■J5-* - , 

Turpentine-varnishes . 
Torpeth or Turbith mineral 
Tfnrpeth or Turbith root 
Turpethio acid 
Turpethin . , , 

Turpetholic acid . , 

Turrite (s. Rutile). 
Tussilago . , 

Turquois . , t 

Type-metal . , . 

Types, Chemical . , 

Typha .... 
Tynbo^s, Niobates, iv, 55). 

Tyrosine • , , 

Amidotyrosine 
, Dibromotyrosine . 
Nitrotyroeine . 
Dmitrotyrosine . 
Erythrogin 

Tyrosme-Bulphuric acid 


Uigite . , 

Ulexite (b. Borocalcite, i. 643) 

Ullico . . . 

Ullmanite 
Ultn&ric acid . . 

Ulmic acid, Ulmin 
Ultnous or llumous substances 
Ulmus . . . 

Ultenite 
Ultramarine . 

Ulva . . . 

Umbellic acid 
Umbelliferone , 

Umber . . . 

Unghwarite . , 

Umo , . 

Unionite . 

Unitary theory • 

Upas 

Uraconise ■ . 

Uralito . , , 

Uralite-porphyry . . t ^ 

Uralorthite .... 

Urarail (s. Dialurarnide, ii. 815). 
Uramilic acid 
Uranates 
Uranic add > 

Uraaite ... 

Uranium ... * , 

Uranium, Bromides of 
Uranium, Chlorides of 
Uranium, Cyanides of . 

Uranium, Detection and Estimation of: 
1. Blowpipe reactions 
' 2, Reactions in solution . 

8. Estimation and separation 
* 1 Atomic weight of Uranium 
Uranium, Fluorides of 
Uranium, Iodides of 


928 

924 

925 


926 


M 


934 


935 


935 


939 


940 


Uranium, Oxides of , 

Uranous oxide . . 

Uranoso-uranic oxide , 

Uranic oxide . . » 

Uranates . . . 

Uranium, Sulphides of . 
Uranium-green — Uianyl , 

Urao ..... 

Urari (s. Curara, ii. 185). 

Urdite . . . . . 

Urea . . . 

Compounds of Urea - . 
Substitution-derivatives of Urea 
Ureides ..... 

Uret 

Uretham ylane, Urethane, Ure thy lane 
Uric acid . . . 

Urates , 

Products formed from Uric acid by 
oxidation, &c. 

Glycoluric acid. 
Bromacetvlureas . 

Glycoluril . , 

Barbituric acid . 

Urine . . . * ► 

Urinary sediments and calculi 
Analysis of firing . 

Urine, Fusible salt of v'*" . 

Urine, Spirit of V . ", 

Urochrome — Urorhodin 
Urosteatite . , . . 

Uroxanic^ld. • 

Uraone:,;.;'^*- 
Urtica.i'^ -I# . . 

Usnic arid or {Turin 
Uvitic and Uykohto odds . 

Uwarowite r . 


pa ag 
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946 

947 

948 

949 


950 

958 

954 


955 

956 


961 


965 

966 


969 

970 

971 

971 


Vaccinic acid 
Vaccinium 

Vacuum — 

Valene (a. Valerone). 

Valencianite 972 

Valentinite • .... — 

Valeracetonitrile ..... — 

Valeral — 

Compounds and derivatives of 
valeral 974 

Valeraldine . . . . . . — , 

Valeramic qcid (s. Amidovaleric acid, p. 

978). 

Valeramide ...... — 

Valeramine ...... 975 

Valeranilide 

Valerates (p. 976). 

Valerene (s. Amylene and Borneene). 

Valerian . 



Valerianic or Valeric acid 





Vdferates 



976 

— 

Amidovaleric acid . . 



978 

942 

Biomovalerie acid . . 




— 

Chlorovaleric arid s . 




— 

Nitrovaleric add . 
Valerian-oil .... 



979 

948 

Valeric aldehyde (a. Valeral, p. 978). 
Valeric anhydride , , 




Valeric bromide and chloride . 



' 

944 

Valeric ethers . . , 

’ 




945 

Valeric iodide. . , , 



980 

— 

Valeric oxides 

. 





*iO» 

Valerias * ' • • < ♦ • 

Valerisic adds . • • • • 

Y alerodichlorhydrin . • •' • 

wr'l : : : : : m 

Yolerolactic add — 

Vatorone - — 

Yaleronitrile (s. Cyanide of Tetryi, ii, 

272). 

Valeroyl — 

Yakrosio acids — 

Valeroxyl (a. Valeryl), 

Valeroyl (a. Valery!). 

Valerureia or Valeiylurea (s. Carbarn ides, 
i. 768). 

Valeiyl — 

Valery lamidic add (a. Amidovaleric acid, 

v£ery 1-iutyl (a. Valorous, p. 981)* ^ a 

Valery lene . . • . . 

V aleiy 1-hydride (s. Valera], p. 978). 

Valery lurea (s. Valarureid). 

Valonia 1 . 982 

Valyl . * * . . ^ 

Valylene. . . a • . — 

Valylidea (s. Valylene). 

Vanadates (s, Vanadium, p. 989), 

Vanadic add . , ' . .988 

Vanadinbronzits „ . . , — - 

Vanadinite . . * . , . — 

Vanadious add (a. Vanadium, p* 988). 
Vanadltes. . . . . 4 . — 

Vanadium . . . ^ >, — 

Vanadium, Bromide and Chlorides of . 986 

Vanadium, Detection and Estimation i. of : 

1. Blowpipe reactions *, — 

2. Reactions in solution .. . . — 

8. Estimation and Separatfott . 986 
4. Atomic weight of Vanadium , — 

Vanadium, Fluorides, Iodides, and Ni- 
trides of 987 

Vanadium, Oxides of « . * . — 

Dioxide . • , . » . — 

Trioxide 988 

Tetroxide or Vanadious oxide . — 

Vanadious salts .and Vanadites — 

Protoxide or Vanadic oxide . , 089 

Vanadic salts » . — 

Vanadates • * . . . — 

Vanadium, Oxy bromide of . . . 992 

Vanadium, Oxychlorides of • . . — 

Vanadium, Sulphides of . . . . 998 

Vanilla 994 

Vanillin — 

Vapours, Density of (a. Specific gravity, 

Vapours, Latent heat of (s. Heat, Hi 96). 
Vapours, Tension of (a. Heat, iii. 81). 

Varec . 

VaTcnna-jnice 
Variolaria . 

Variolarin . 

Variolite » 

Variscite 
Varnish . , 

Varvicite , . 

VaaeabM . B95 

V«Uri* . , 

T.ngnait* . 

V«u|)Mlins . 

Vauqufdinite • 

Vcgeubleaiua 


<&Mm V 

Vegetables, Nutrition of (s. Nutrftion nf 
Plants, iv. 162). . 

Vein-stones • . . • . * * 

Venetian red. , . . « «• . 

Venetian Talc (s. Talc, p. 666). 

Venice Turpentine («, Turpentine, p*. - 

Verantin. . i - « 

Vera trie add . • 4, * , « 

Veratrin (s. Ve^qrum-iesin). 

Veratrine ♦ . . . . H 

Veratrol. . 

Veratrum , 

Veratrum-resin 
Verbascum . 

Verbena-oil . 

Verdigris . 

Verditer . . 

Vermiculite ...... 

Vermillion (r. Mercuric Sulphide, HI. 
918). 

Vermontite • , , , 

Vemonia .... 

Vertadine . . . . 

Vesuvian .... 

Vetch (a. Vida). 

Vetiver • . . * . 

Vibumic add .... 

Viburnum . .... 

Vida ..... 

Vignite ..... 

Villarsite .... 

Vine ..... 

Vinetln ..... 

Vinegar (s. Acetic acid, 1. 7). 

Viola 

Violan 

Violantm .... 

Violenic add (s. Viola). 

Violet (Aniline) . . • 

Violin or Viola-emetin , • 

Violine • . . . • 

Violuric add .... 

Virginia creeper . • • 

Yirginic add .... 

Vinde eeris (s. Verdigris). 

Viridic add .... 

Vlridin (a. Chlorophyll, L 922). 

Viridine ..... 

Virola tallow .... 

Viscautecbin .... 

Viscene , . . . 

VlBcie add • . . . 

Vxsdn . 

Visdnol . , . , 

Viscosimeter . . . . 

Viscum 
Vitellin 


. Vine and Virginia Creeper). 

Vitriol _ 

Titriohochis " • 

Vitrile (sTvitrinopfl). 

Vitrnm Anrimonn .... 

i 

Vttlcknerit* (*. Hydrotalcite, Hi. 219). 
Vpgiito ...... 

Voiglito 

Velborthite • .... 

Volcanic glam (a. Obsidian, iv, 169). 
Volcanite • . 


(It III nil mini I I ill! I III In I im nil mmi$£ n 
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Volgerito 
Voltaic' 

Voll 

VoltaTte 
Voltameter 
VoLtzln oryoltzite 

Volume . . . . . , . • 

nlc (s. Atopic Volumg. i. 


Volumenometer or Stereometer . . 


PAGE 

, 1005 


White antimony ; f 
White arsenic . <1 

White copperas Jm 

White iron pyrites 
White lead . 
White-lead ore . 
White pigments 
White tellurium 
White vitriol 



YafiSmigation; . I ' ' ' ' 1007 

Vulcanite * 

Vulpic add 

Vulpinite . . . . , ■ . , 

Vulpulicacid, Vulpulin (s, Vulpic acid). 


Wacke (s. Orauwacke, ii. 842) 
Wad^\ . . . . 

Wag®. 


.'lMj 

Wagnerite . . . 

Waifa . 



•• — 

Walchowite . , , 



. 

Waldheimite . 



. 

Wall lichen . • 


• 

, — 

Walnut . . . 


• 

. — 

Warwickite . 


• 

. 1009 

WaBhingtonite 
Wasite, Wasium . 



; Z 

Water . 



. ... 

Occurrence, Properties . 


. — 

Reactions . 



. 1012 

Combinations . 



.1018 

Natural water . 



. 1014 

Rain-water . 




f . Spring- water , 
o r River-water . 




Sea-water . . 



. 104* 


WjdjjttBite, Wihtisite, or Wi< 
Willemite, Wilhelm ite, or Wi 
Willow. „ . . ... 

W’iluite / . _ . - - . 

^Wind-furnace *8vCV 

Wine . v^'-W i, ■V'-' 

Analysis of Wine • 

Wine, Oil of (s. Etherin, ii. 507). 
Wiserite , ^ v^** . 

4Withamite ♦, >.■ • • 

’ r , Witherite v 

Witdchenite efr Wittichite . 
Wittingite 


Quality of water used for oeonoraic 
and technical purposes . f 
Water-analysis . . . . 

Estimation of Fixed Constituents 
Hardness . 

Organic substances 
Acid constituents 
Bases . . 

Statement of the Results of 
Analyses 

W&vellite • . . . * 

Wax: ^ 

1. Animal wax : Beee-wax*: 

S. Vegetable wax : >* 

> . Chinese wax ; . . 


^ <81 

Wax, 

Webeterite^ 

Wehrlite 
Weissigite 
Wi 

Weroerite (s.49capolite), 
Wheat . , . 

WheWellite , , 

Whisky ... 


■v.. Cin«ph©a% i 
Woulfe’s apparatus 
Wright in e , . 
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1048 


Foad 


ilerite 


Wolchite 

Wolchonskoite ... . • 

Wolfram . . . * « • 

Wolframine or Wolfram-ochre • * 
Wolfsbergite , . . . 

WoUastonite , . . . . « ^ 

Wongshy or Wongsky . « 

WOOd ... T..*- * • Jr*.' 

Decay of woody fibre VVv 
Destructive distillation of wood • 

Wood-oil . • . • -V- . • 

Wood-spirit (s. Methyl, Hydrate of, Sii. 

Woo2iar (s,, Tar, p, 670J. 

Wool . N . . . . . . 

Woorara (s, CuriujuiL 186). «> 

Woota . . . '-+A ‘ • • • • 

Wormseed ' . 4 . . . . a* • 

Worm seed-oil ^ . 

Derivatives: Omaebene, 
camphor, 
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itbamide . « 

X anth&my lamide 
Xanthamylio acid** 
Xanthamylic Sther 
Xanthap 

X anthariiTor Xan thil 
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^WuUide). 

* r ;.T • ^ * . 
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<£«: r 

LOS 

lo Balts, . 


.1051 
. 1053 



(a. Tyrosin^ p. 981). 

‘ ’ ~ * • * 

f; • • • * 4 


\ . ■ 

. r c acid- * • *.*■%. v 

Canthophyli . 1 .. ■' . . , 

tahthophyllite ta Clintonfte, i 102$). 
Canthopicrra or Xantfcopicrite • 

Unthppioteic acid. ■ * • * 

Canthopyrite (t, lroa-pyi?ifc0B), - 
tanthonaamnui 
£ anthowWa resin 
Canthorthite . 
tanthosideribe 
£anthotannic acid 
Kanthoxylene 
*’ oxylin . 
ylon - 



nine , 
, ylamine 

SenylancMfiauiine , . 

KehyVemc alcohol . 
Kerasite. -4 . 

Kilite Ya. Xylite). 

Bhopal (s. Xylopal). 
HntllfiQC • •* . 

Kylene or Xylol • 
J Etfa glbcnzene. 




1053 


1054 


1055 


, .1056 

— >1 * s “ l a • • '■ T"“*. 

*• "'&im 



acid, Amido-xylene 
raipBifflfi add . » • • 

Xyl^e-sulphmrous add * . • 

Xylene-sulpliydiate w- * ** 

Xyfapy i. . . • *. 

ylamine (a. Xyfidine}* , ^ 
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ylidine 

Dinltroxylidine 
ylite_ 

BDB S. 





1000 


.. ; k 


* ■ •. - 
ip* • ' - 100 ' 

•ili — 


S>M 

Xylylamine . 

Xylylene, • 

Xylylene-dUmine . 

Jfitroxylylene*dii 
XylYlio acetate, chloride, i 
. acetate, Ac. p. 870). 
Xylylic add . 

Alpbaxylylic add 
Xylylic alcohols ^ 
Xyiyteulplfignig add 


paob 

. loot 


(s. Toluylic 
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Yam m 
Yauolite, oYYjptl 
Yeast (a. Fermentation,! 

Yellow copper-ore (s, C 

77). ; r 

.Yellow copperas (a. Botiyog 
Yellow dyes (s. Dyeing, li. 856), 
1 Yellow lead-ore € 

Yellow metal . 


Yellow ochre 

m* 


Tallow pigments .... j|j^- •— 

Yellow-pods . , . . ” — 

Yellow tellurium (s. Sylvanite, p, 647). 

Yenite (s, Lievrite, iii. 689). v~ 

Yerba matd (s. Paraguay tea. hr. 849). 
Ypodu-plant (s. Coca, i. 1059). 

Ytterbite, Ytterite (s. Gadolinjte, li 757). 
Yttria ....... — 

Yttrito (s. Gadolinite, ii. 767). 

Yttrium ...... — 

Yttrium-compounds . . • 1064 

Detection and Estimation of Yttrium 1065 

Yttrocerite ■ — , 

Yttrocolumbite (a Yttrotantalite). 
Yttroilmenite 

Yttrotantalite — * 

Yttrotitamte . . . . .... — ’ 

* • ■ *■ • 

* - ;-.' v 
• ^ . Z 

, 5/8 odticgd^ ~~ 

fZtfite — 

Zala (s. Borax). 

Zamboni's pile — 

Zamtito • — 

Zanthopicrin (s. Xanthopicrite). 

Zeagonite ...... r- 

Zeaaite — 



. 1068 
. 1009 


. . . 

■a 

with Ammonia • • . - — 

with AlkaUne Chloridai JW70 
with Zinc-oxide . 

Ziimv Cj^nide of (s. Cyanides, |L 274 )j ! 

Zinc, Detection and Estimation of: 

1. Blowpipe reaetions . . < V- 

2. itaactkms in solution , • • 1871 
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Zinc, Detection 6c. (continued)— 
8. Estimation and Separation. 
4/ Atomic weight of Zinc * 

Zinc, Fluoride of , , * . 
Zinc, Iodide of .... 
Zinc, Nitride cf • . 

Zinc, Oxides of . 

Zinc, Oxychloride of (jp. 1070). 

Zinc, Peroxide of (p, 1071). 

Zinc, Phosphides or 
Zinc, Selenides of . 

Zinc, Seleniocyanate of '(p. 220). 
Zinc, Suboxide of 
Zinc, 5ulp^^hf: jSfc- - 
" ' * 'a i ■ • 


1071 


1072 


1079 


- *Penta8ulphide 
Zinc, Telluriae of • 

Zincacetamide 
Zincamide • . 

Zinc&myl 
Zinc-ash 

Zincazurite • • 

Zinc-blende . • 

Zinc-bloom or Zinconise 
Zinc-butter . 

Zincethyl (p. 1076) 

Zinc-fahlore . 

Zinc-flowers . . 

Zinc-glass ) s. Siliceous calamine, 
Zinc-granunatite j L 718), 

Zincite 

Zinckenite (s, Zinkenite, p. 1079). 
Zinc-methyl (p. 1078) 

ZinCcne (s. Zincite). 

Zinc* imetylarnide . 

Zinc-ph^ lit© (s. Hopei te, iii. 106). 
Zinc-racUcles, organic 
Zinc-amyl . 

Zinc-ethyl , 

Zinc-methyl 

nc-spar ,fs. Calamine, i- 718). 
S9SP!B!!^ Ckhnitef-L 767)^ 


1074 


1075 




m - 
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Zingiber (s. Ginger, ii 838). 

Zmfcemte . . . « 

Zippeite . . . 

Zircon . • . . . . . — 

Zirconia . . . • ^ 

Zirconicacid . . . , . . $ 

Zirconia . • . . • . — 

Zirconium 

Modifications: Amorphous, crystal-* 
line, and grrfphitoTdal . . . . 1080 

Zircppium, Bromide of . <W 

Zirconium, Chloride of. . . — 

Zirconium, Detection and. Estimation 

Of k . ' . 

Zirconium, Fluoride of 
Flu^zirconatea 
Zirconium, Nitride of 
Zirconium, Oxide of 
Hydrates. 

Zirconate* 

Zirconium, Oxychlorides of (s. Zirco- 
nium, Chloride of, p. 1080). 

Zirconium, Sulphide of 
Zircon-syenite 
Zoiodin . . . 

Zoisite • ■ * . 

Zomidin ... 

Zoochemical Analyses (s. Analysis, i. 

250 ). 

Zoomelanin . 

Zoonic acid . 

Zoostearic acid . • 

Zootic acid • . . 

Zootine-salt . 

Zooxanthin . . • 

Zorgite .... 

Zostera .... 

Zumic or Zymic acid • 

Zarlerite or Zurlite . 

Zwieselite ... 

Zygadite • . • 

Zymic acid (s. Zumic add). $ 
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THE END. 
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